GLABIEN, Marta, MILKOWSKI, Pawel, KUSNIERZ, Anna, KUSIAK, Karolina, ALEKSANDROWICZ, Daria,
WIECZOREK, Olga, JAKUBCZAK, Zofia, ZIMNIAK, Maria Weronika, SLIWIAK, Patryk and KONDRATOWICZ, Aneta. Sodium
Butyrate as Gut Microbiota Modulators: Mechanisms of Action and Potential Clinical Applications - Literature Review and New
Perspectives. Quality in Sport. 2024;27:55233 eISSN 2450-3118.

https://dx.doi.org/10.12775/Q8S.2024.27.55233

https://apcz.umKk.pl/QS/article/view/55233

The journal has had 20 points in Ministry of Higher Education and Science of Poland parametric evaluation. Annex to the announcement of
the Minister of Higher Education and Science of 05.01.2024. No. 32553.

Has a Journal's Unique Identifier: 201398. Scientific disciplines assigned: Economics and finance (Field of social sciences); Management and
Quality Sciences (Field of social sciences).

Punkty Ministerialne z 2019 - aktualny rok 20 punktéw. Zatacznik do komunikatu Ministra Szkolnictwa Wyzszego i Nauki z dnia 05.01.2024
r. Lp. 32553. Posiada Unikatowy Identyfikator Czasopisma: 201398.

Przypisane dyscypliny naukowe: Ekonomia i finanse (Dziedzina nauk spotecznych); Nauki o zarzadzaniu i jakosci (Dziedzina nauk
spotecznych).

© The Authors 2024,

This article is published with open access at Licensee Open Journal Systems of Nicolaus Copernicus University in Torun, Poland

Open Access. This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any
noncommercial use, distribution, and reproduction in any medium, provided the original author (s) and source are credited. This is an open
access article licensed under the terms of the Creative Commons Attribution Non commercial license Share alike.
(http://creativecommons.org/licenses/by-nc-sa/4.0/) which permits unrestricted, non commercial use, distribution and reproduction in any
medium, provided the work is properly cited.

The authors declare that there is no conflict of interests regarding the publication of this paper.

Received: 16.09.2024. Revised: 08.10.2024. Accepted: 19.10.2024. Published: 23.10.2024.

Sodium Butyrate as Gut Microbiota Modulators: Mechanisms of Action and Potential

Clinical Applications - Literature Review and New Perspectives

Marta Glabien!, Pawel Milkowski?, Anna Ku$nierz’, Karolina Kusiak?, Daria
Aleksandrowicz®, Olga Wieczorek®, Zofia Jakubczak’, Maria Zimniak®, Patryk Sliwiak®,

Aneta Kondratowicz!?

1.Marta Glabien,

Central Clinical Hospital named after Military Medical Academy in Lodz, S.Zeromskiego
Street 113, 90-549 L.6dZ

https://orcid.org/0009-0003-8910-7647

marta.glabien@gmail.com

2. Pawel Mitkowski,

Provincial Multidisciplinary Center of Oncology and Traumatology named after M. Copernicus
University in £6dz, Pabianicka 62, 93-513 Lo6dz

https://orcid.org/0009-0005-5470-1261

pawelmilkowski97@gmail.com


https://dx.doi.org/10.12775/QS.2024.27.55233
https://apcz.umk.pl/QS/article/view/55233
https://orcid.org/0009-0003-8910-7647?fbclid=IwZXh0bgNhZW0CMTAAAR1HEJOUxXv-S6x_87uAyhRkOTAarlk_jv8u9_Hcgs6_DvYBqS0Dk3kuht0_aem_fskSmE8F6qPE7CWMJLf6zw
mailto:marta.glabien@gmail.com
https://orcid.org/0009-0005-5470-1261?fbclid=IwZXh0bgNhZW0CMTAAAR3Gr1jpPIa5mgwl02oE7SWdQ5nhQ0-JNSLfAgwupqT6gRHlXNajlYnTwWA_aem_5hrvSF72Ags_2MJCUEMt2A

3. Anna Kusnierz,

Provincial Multidisciplinary Center of Oncology and Traumatology named after M. Copernicus
University in £6dz , Pabianicka 62, 93-513 L.6dz

https://orcid.org/0009-0005-2983-4986

annakusnierz7@gmail.com

4. Karolina Kusiak,

Central Clinical Hospital of the Medical University of Lodz, ul. Pomorska 251, 92-213 L6dz,
Poland

https://orcid.org/0009-0008-0667-8097

kusiakkarolina46(@gmail.com

5. Daria Aleksandrowicz
Norbert Barlicki Memorial Teaching Hospital No. 1 of the Medical University of £6dzZ dr.
Stefana Kopcinskiego 22, 90-153 L6dz

https://orcid.org/0009-0004-5249-6092

daria.aleksandrowicz97@gmail.com

6. Olga Wieczorek

Norbert Barlicki Memorial Teaching Hospital No. 1 of the Medical University of £6dzZ dr.
Stefana Kopcinskiego 22, 90-153 L6dz

https://orcid.org/0009-0002-1973-6547

olgawieczorek2997@gmail.com

7. Zofia Jakubczak

Central Clinical Hospital of Medical University of Lodz, ul. Pomorska 251, 92-213 Lo6dz,
Poland

https://orcid.org/0009-0002-8166-330X

zofia.jakubczak8(@gmail.com



https://orcid.org/0009-0005-2983-4986?fbclid=IwZXh0bgNhZW0CMTAAAR1v64kkYKyiQLmCutAvCuYCA1G3QBcJ2HH5dUUFnWsSjgZ1dsNAS7-xNb4_aem_m68xM5d1LGj_5WwA5qJ5lw
mailto:annakusnierz7@gmail.com
https://orcid.org/0009-0008-0667-8097?fbclid=IwZXh0bgNhZW0CMTAAAR0A3HOU9hI0FXLVohW9kngkM2j50_5S7VJcMK8D0o9ohTrtA5T9p8DHEQs_aem_V4KzeZS5mrQ8D9jhdZleCw
mailto:kusiakkarolina46@gmail.com
mailto:daria.aleksandrowicz97@gmail.com
mailto:olgawieczorek2997@gmail.com
mailto:zofia.jakubczak8@gmail.com

8. Maria Weronika Zimniak
Independent Public Health Care Facility of the Ministry of Internal Affairs and Administration,
ul. Pélnocna 42, 91-425 £.6dz, Poland

https://orcid.org/0009-0005-6048-7791

mw.zimniak@gmail.com

9. Patryk Sliwiak
K. Jonscher Hospital, 14 Milionowa Street, 93-113 £.6dz

https://orcid.org/0009-0000-7484-8045

patryksliwiak98(@gmail.com

10. Aneta Kondratowicz,
K. Jonscher Hospital, 14 Milionowa Street, 93-113 £6dz
https://orcid.org/0009-0002-6548-2525

anetakondratowiczpl@gmail.com

Abstract

Introduction

Sodium butyrate is an organic chemical compound belonging to sodium salts, which has the
potential to be used in anticancer therapy. It reduces inflammation of the intestinal mucosa and
promotes the development of beneficial intestinal flora, thanks to which it helps maintain
homeostasis. Therefore, butyrate reduces the risk of developing colon cancer or reverses
pathological changes occurring under the influence of this cancer. Scientific studies have also
shown a beneficial effect of butyrate on the side effects of anticancer treatment - chemotherapy
and radiotherapy. A proper diet also has a beneficial effect on the production of endogenous
butyrate and reduces the risk of developing colon cancer. It is recommended to use a
Mediterranean diet, rich in dietary fiber, highly unsaturated fatty acids and fresh vegetables and
fruits. It is recommended to avoid highly processed products, rich in simple sugars and saturated

fatty acids, and to limit the consumption of red meat.
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Materials and methods

This article is based on the literature found in the PubMed and other scientific databases from

99 ¢¢

the period of 1978-2023 with the use of key words such as “butyrate” “sodium butyrate” “colon

cancer” “anticancer treatment” “intestinal microbiota” “Mediterranean diet”.

Conclusion

Sodium butyrate is a potential substance that, through its properties, may support the treatment
of colorectal cancer. Additionally, the use of an appropriate diet has a positive effect on the
intestinal microflora, allowing the action of sodium butyrate and reducing the risk of colorectal

cancer.
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Introduction

Sodium butyrate is an organic chemical compound (sodium salt) formed by replacing
the proton of the carboxyl group of butyric acid with a sodium ion. It acts as a histone
deacetylase inhibitor and geroprotector. Sodium butyrate is a salt with potential anti-cancer
properties.[1] Butyrate, a short-chain fatty acid, competitively binds to the zinc sites of class I
and II histone deacetylases (HDACs).[2] This binding affects the hyperacetylation of histones,
which results in a modified DNA conformation, which in turn leads to the unfolding or
loosening of chromatin. Increased chromatin accessibility to transcription regulatory complexes
leads to increased transcriptional activation of various epigenetically suppressed genes.
Butyrate, an HDAC inhibitor, induces cell cycle arrest in G1 or G2/M and also increases the
expression of other genes and proteins involved in cellular differentiation and apoptotic
signaling.[3] As a geroprotector, sodium butyrate is a senotherapeutic agent that aims to target
the root cause of aging and age-related diseases.[4] Butyrate is produced by the fermentation
of undigested dietary fiber and is a promising candidate for the treatment of cancer.[5]
However, the mechanism underlying sodium butyrate-induced autophagy in colorectal cancer
is not yet completely understood.

Colorectal cancer (CRC) poses a significant burden to society and its incidence remains

consistently high.[6] The mortality rate in colorectal cancer has been decreasing in recent years



thanks to the improvement of modern technologies for examining the digestive tract and the
strengthening of patients' health awareness.[7] The mechanism of CRC is complex and
multifactorial, related to excessive immune activation, individual genetics, treatment used in a

given patient and an incorrect lifestyle.[8]

Sodium butyrate and the immune system

Butyrate is known as one of the most important metabolites produced by bacterial
fermentation in the intestines. Butyrate biosynthesis takes place via two metabolic pathways.
The first one concerns the phosphorylation of butyryl-CoA to butyryl phosphate, and then the
transformation to butyrate with the participation of the enzyme - butyrate kinase. The second
metabolic pathway concerns the transformation of butyryl-CoA into acetate and then the
transformation into butyric acid.[9] Its impact on the immune system is related to, among
others, with the regulation of the expression of pro- and anti-inflammatory mediators. Butyrate
inhibits the expression of pro-inflammatory IL-1b and IL-6, while stimulating the expression
of the anti-inflammatory cytokine IL-10.[10] Also, butyrate supports anti-cancer immunity by
influencing the activity of CD8+ T lymphocytes.[11] Butyrate provides anti-inflammatory
effects and increases apoptosis in cancer cells.[12] Moreover, it affects the immunity of the
mucous membranes and maintains the stability of the intestinal microflora, leading to

homeostasis.[13]

Maintaining the integrity of the intestinal mucosa and sodium butyrate

G protein-coupled receptors (GPCRs) exist in epithelial cells and are the receptor for
butyrate.[14] The attachment of butyrate to GPCR receptors influences the modulation of
cellular functions in many tissues and cells, such as: B and T lymphocytes, neutrophils, adipose
tissue and colon myeloid cells.[15] Butyrate stimulates the proliferation of epithelial cells and
the production of the mucous layer, which contributes to improving the tightness of the
intestinal barrier.[16] An important part of membrane proteins is the claudin family, which is
responsible for maintaining tight intercellular connections. Butyrate increases claudin-1
expression; therefore, it is important in the context of maintaining the integrity of the intestinal
barrier.[17] Furthermore, butyrate increases the expression of the MUC2 gene, thereby
promoting the synthesis of mucins that protect epithelial cells against the harmful effects of

toxins.[ 18] Taking into account the above facts, it can be concluded that butyrate is an essential



metabolite influencing the function of the intestinal barrier, which seems to be necessary for
patients suffering from colorectal cancer, in whom increased destruction and disruption of the

integrity of the intestinal barrier is observed.

The influence of diet on butyrate availability and the development of colorectal cancer

Consuming large amounts of saturated fatty acids, simple sugars and highly processed
food is one of the biggest problems of the modern world.[19] Such a diet negatively affects the
intestinal microbiome, leading to the growth of undesirable, opportunistic bacterial colonies,
the development of inflammation of the mucous membranes and a reduction in the production
of SCFAs (including butyrate).[20] Studies have shown that the above changes can be inhibited
by butyrate supplementation. The number of butyrate-producing bacteria may increase after
administration of omega-3 fatty acids and docosahexaenoic acid (DHA).[21] In the work of
Zhuang et al. It has been shown that both EPA and DHA contribute to the growth of butyrate-
producing bacterial colonies, while reducing the number of bacteria that negatively affect the
intestinal mucosa.[22] As can be seen from the above, omega-3 fatty acids have a beneficial
effect on the composition of the intestinal microflora, improve the integrity of the intestinal
barrier and reduce the number of unfavorable intestinal bacteria. A proper diet has one of the
key roles in the prevention of colorectal cancer. Consuming large amounts of red and heavily
processed meat, a diet high in saturated fat, low in fiber and fresh vegetables and fruit increases
the risk of developing colorectal cancer. According to research, dairy products are believed to
protect against CRC due to their high content of calcium, vitamin D, conjugated linoleic acid,
butyric acid and fermented dairy products. Ionized calcium can form insoluble soaps with free
fatty acids and bile acids, which promote the development of cancer. This has led to the
hypothesis that calcium has anti-cancer effects and protects against CRC.[23] Observational
and laboratory studies provide compelling evidence that diet has the potential to modify the
incidence of CRC. It is recommended to use a Mediterranean diet, which is rich in food with a
high content of dietary fiber, highly unsaturated fatty acids and fresh vegetables and fruits,
which leads to the development of proper intestinal microbiota and maintains intestinal

homeostasis.[24]



Butyrate-induced cancer cell apoptosis

Butyrate can induce apoptosis of colorectal cancer cells.[25] According to research
conducted by Kang et al., it was shown that the use of sodium butyrate has a positive effect on
the elimination of colorectal cancer by reducing the thickening of the intestinal walls, and the
degree of erosions, ulcers, bleeding and inflammation were significantly alleviated.[26] This
contributed to a decrease in the number of colorectal cancers. The anticancer effect of butyrate
on colon cancer cells (SW480) was also confirmed in the work of Elimrani et al. test.[27]
Summarizing the above research results, it can be assumed that butyrate has the ability to

prevent and weaken the progression of colorectal cancer.

Impact on anticancer treatment

Studies have shown that butyrate has a stimulating effect on the action of 5-fluorouracil
on cancer cells during chemotherapy.[28] Additionally, nearly 40% of patients treated with
chemotherapy developed inflammation of the intestinal mucosa. The use of butyrate may
reduce the side effects of chemotherapy treatment by rebuilding and protecting the intestinal
mucosa.[29] Butyrate has also been shown to improve effectiveness of radiotherapy.[30] In a
study by Kang et al., it was proven that colon cancer leads to a change in the composition of
the intestinal microbiota, which promotes the destruction of the mucous membrane and the
development of pathology.[31] The use of butyrate allows for the restoration of normal
intestinal microbiota and the reduction of pathological changes in the intestinal mucosa.[32]
During the development of colorectal cancer, tumors destroy the normal intestinal
microecosystem, leading to the formation of pathological intestinal flora, producing toxic
substances that disrupt the intestinal barrier and exacerbate the development of cancer.[33]
CRC stimulates the growth of toxic Verrucomicrobiales colonies, but also promotes the
enrichment of the flora with Lactobacillales and Enterobacterales bacteria, which leads to
damage to the intestinal mucosa.[34] The use of butyrate effectively prevents the population
growth of these colonies and facilitates the development of beneficial bacteria.[35]
Bifidobacteria are key symbiotic bacteria found in the intestine that enhance the intestinal
barrier function and have a beneficial effect on inhibiting cancer and inflammation.[36] The
introduction of butyrate in the treatment of CRC will lead to the rebirth of the Bifidobacterium
population.[37] Therefore, butyrate inhibits the development of harmful bacterial populations

and limits their destructive impact on the intestinal barrier. At the same time, it has a positive



effect on the enrichment of beneficial intestinal flora, strengthens the intestinal defense

mechanisms and restores the proper, harmonious symbiotic environment of the intestines.

Clinical recommendations in practice

According to the latest research, specialists should take into account changes occurring
in the intestinal microflora in patients with colorectal cancer. According to some, components
of the intestinal microflora can be used as new biomarkers for early cancer detection or may be
a promising marker for anticancer treatment.[38] In patients with colorectal cancer, specialists
should consider sodium butyrate supplementation in combination with ingredients that

stimulate butyrate production, such as dietary fiber and omega-3 fatty acids.[39]

Conclusions

Sodium butyrate has a positive effect on the intestinal microflora, reducing
inflammation of the mucous membrane and reducing the chances of development and
progression of colorectal cancer. Sodium butyrate may prove to be a new, promising form of
supporting the treatment of patients with colorectal cancer. Through its molecular actions
described in this article, sodium butyrate has anticancer effects. However, the described effect
of butyrate requires expanding clinical research and exploring the impact of sodium butyrate
directly in people suffering from colorectal cancer. Following a proper diet has a positive effect
on the production of butyrate and reduces the risk of developing colorectal cancer. Sodium

butyrate may be considered a potential adjunctive therapy in anticancer treatment.
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