Amyotrophic Lateral Sclerosis and Frontotemporal
Degeneration

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/iafd20

Taylor & Francis

Taylor & Francis Group

ALSUntangled #64: butyrates

Yuyao Sun, Richard Bedlack, Carmel Armon, Morgan Beauchamp, Tulio
Bertorini, Robert Bowser, Mark Bromberg, James Caress, Gregory Carter,
Jesse Crayle, Merit E. Cudkowicz, Jonathan D. Glass, Carlayne Jackson, Isaac
Lund, Sarah Martin, Sabrina Paganoni, Gary Pattee, Dylan Ratner, Kristiana
Salmon & Paul Wicks

To cite this article: Yuyao Sun, Richard Bedlack, Carmel Armon, Morgan Beauchamp, Tulio
Bertorini, Robert Bowser, Mark Bromberg, James Caress, Gregory Carter, Jesse Crayle,
Merit E. Cudkowicz, Jonathan D. Glass, Carlayne Jackson, Isaac Lund, Sarah Martin, Sabrina
Paganoni, Gary Pattee, Dylan Ratner, Kristiana Salmon & Paul Wicks (2022): ALSUntangled
#64: butyrates, Amyotrophic Lateral Sclerosis and Frontotemporal Degeneration, DOI:
10.1080/21678421.2022.2045323

To link to this article: https://doi.org/10.1080/21678421.2022.2045323

@ Published online: 28 Feb 2022.

N
[:J/ Submit your article to this journal &

||I| Article views: 1351

A
h View related articles &'

P

() view Crossmark data &

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journallnformation?journalCode=iafd20


https://www.tandfonline.com/action/journalInformation?journalCode=iafd20
https://www.tandfonline.com/loi/iafd20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/21678421.2022.2045323
https://doi.org/10.1080/21678421.2022.2045323
https://www.tandfonline.com/action/authorSubmission?journalCode=iafd20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=iafd20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/21678421.2022.2045323
https://www.tandfonline.com/doi/mlt/10.1080/21678421.2022.2045323
http://crossmark.crossref.org/dialog/?doi=10.1080/21678421.2022.2045323&domain=pdf&date_stamp=2022-02-28
http://crossmark.crossref.org/dialog/?doi=10.1080/21678421.2022.2045323&domain=pdf&date_stamp=2022-02-28

Amyotrophic Lateral Sclerosis and Frontotemporal Degeneration, 2022; 0: 1-6

Taylor & Francis
Taylor & Francis Group
‘ W) Check for updates

REVIEW ARTICLE
ALSUntangled #64: butyrates

YUYAO SUN!, RICHARD BEDLACK', CARMEL ARMON?, MORGAN BEAUCHAMP?,
TULIO BERTORINI*, ROBERT BOWSER’ (», MARK BROMBERG®, JAMES CARESS’,
GREGORY CARTERS, JESSE CRAYLE®’, MERIT E. CUDKOWICZ!°, JONATHAN D.
GLASS!!, CARLAYNE JACKSON'2, ISAAC LUND'?, SARAH MARTIN'%, SABRINA
PAGANONI'®, GARY PATTEE!’>, DYLAN RATNER!®, KRISTIANA SALMON!7 &
PAUL WICKS!®

INeurology Department, Duke University, Durham, NC, USA, “Department of Neurology, Loma Linda
University, Loma Linda, CA, USA, 3Undergraduate, North Carolina State University, Raleigh, NC, USA,
*Neurology Department, University of Tennessee Health Science Center, Memphis, TN, USA, °Department of
Neurology, Barrow Neurological Institute, Phoenix, AZ, USA, ®Department of Neurology, University of Utah, Salt
Lake City, UT, USA, "Department of Neurology, Baptist Medical Center, Winston Salem, NC, USA,
8Department of Rehabilitation, Elson S. Floyd College of Medicine, Spokane, WA, USA, °Neurology Department,
Washington University, St. Louis, MO, USA, 1 oNeurology Department, Mass General Brigham Inc, Boston,
MA, USA, ! INeurology Department, Emory University, Atlanta, GA, USA, IZDepartmenz of Neurology,
University of Texas Health Science Center ar San Antonio, San Antonio, TX, USA, '3Student, Green Hope High
School, Cary, NC, USA, 14Physical Therapy Program, Duke University, Durham, NC, USA, 5 Department of
Neurology, Nebraska Medical Center, Omaha, NE, USA, 16 Student, Longmeadow High School, Longmeadow,
MA, USA, " Department of Neurology, Montreal Neurological Institute, Montreal Canada, ' Independent
Consultant, UK

Abstract

ALSUntangled reviews alternative and off-label treatments for people living with amyotrophic lateral sclerosis (PALS).
Here we review butyrate and its different chemical forms (butyrates). Butyrates have plausible mechanisms for slowing
ALS progression and positive pre-clinical studies. One trial suggests that sodium phenylbutyrate (NaPB) in combination
with Tauroursodeoxycholic acid (TUDCA) can slow ALS progression and prolong survival, but the specific contribution
of NaPB toward this effect is unclear. Butyrates appear reasonably safe for use in humans. Based on the above informa-
tion, we support a trial of a butyrate in PALS, but we cannot yet recommend one as a treatment.

Keywords: ALS, butryrate, gut microbiome, neuroinflammation, alternative therapy

ALSUntangled reviews alternative and off-label
treatments on behalf of people with amyotrophic
lateral sclerosis (PALS). Here we review the use of
butyrates, for which we have had 150 requests (1).

Overview

Butyrate is a short-chain fatty acid, naturally pro-
duced through fermentation of undigested fiber by
the gut microbiome. Within the gut, it can influ-
ence epithelium integrity, inflammation, and the
risk of gastrointestinal disorders (2-5). Butyrate is

sometimes administered as treatment for inflam-
matory bowel disease (5). There is growing evi-
dence that butyrate and its metabolites can leave
the gut and influence neurological diseases via a
“gut brain axis (6-9).” At least one website sug-
gests that butyrate is a “promising” treatment for
ALS (10).

Butyrate itself is difficult to study as an oral
supplement due to its unpleasant “sour-milk”
odor, and its rapid absorption by cells in the upper
GI tract with limited penetration into the blood-
stream (11). Methods for overcoming these
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Table 1. Table of evidence for Butyrate.

Grade Explanation

Mechanism A One form of butyrate (NaPB) can alter
histone acetylation in PALS and other
forms can reduce inflammation and
improve energy metabolism at least in
cell and animal models

Well-designed, independently replicated
studies in an ALS mouse model
suggests that butyrates can improve gut
integrity, delay disease onset and
improve survival

One PALS with a validated diagnosis
experienced recovery of lost motor
function on NaPB (along with several
other treatments)

We found 2 trials of NaPB in PALS. One
showed no clinical benefit but was
underpowered. The other (using a
combination of NaPB and TUDCA)
showed benefits in ALSFRS-R
progression and survival, but the exact
contribution of NaPB to the effects
cannot be determined

More than 10% of PALS experienced
non-serious adverse events in a previous
open label trial

Pre-Clinical A

Cases C

Trials U

Risks C

problems include colonic delivery of butyrate via
enema (11), use of microencapsulated formula-
tions (11), or use of formulations (butyrates) in
which butyrate is conjugated with cations, such as
sodium butyrate (NaB, 12), or conjugated to other
molecules, such as sodium phenylbutyrate (NaPB,
13). NaPB is a prescribed medication used to
reduce ammonia in some subtypes of urea cycle
disorders and short-chain fatty acid disorders.
Butyrate can cross the blood brain barrier (9).

Mechanisms

Butyrates have at least 3 mechanisms by which
they could affect the progression of ALS: altering
transcription, reducing neuroinflammation, and
improving cellular energy metabolism.

Altering transcription

Alterations in histone acetylation leading to tran-
scriptional dysregulation (abnormal patterns of
genes that are turned on) occur in PALS and are
believed to contribute to disease progression (14).
Butyrates can enter cells and act as histone deace-
tylase inhibitors (15-17). One human study
showed that oral NaPB can restore a more normal
pattern of histone acetylation in the blood of
PALS (14).

Reducing neuroinflammation

Inflammation is believed to be involved in ALS
progression and is a common therapeutic target in

ALS trials (18). Butyrate reduces colonic inflam-
mation by modulating the function of T-cells
(17,19). It can also alter peripheral inflammation
in animal models. This includes promoting expan-
sion of regulatory T cells in vitro (20), a special-
ized type of immune system modulating cell
known to be reduced in PALS (21) and reducing
circulating pro-inflammatory cytokines (22).
Relevant to the brain, NaB can attenuate micro-
glial-induced inflammation, at least in cell cul-
tures (23-25).

Improving energy metabolism

Recent reviews highlight energy metabolism altera-
tions in PALS (26,27), which are also being tar-
geted in clinical trials. Butyrate itself can be used
by cells as an energy source, and it appears capable
of upregulating genes involved in mitochondrial
synthesis and function in cell and animal mod-
els (8,9,28).

While all these mechanisms have been demon-
strated in cell and animal models, the finding that
NaPB can affect histone acetylation in PALS
means that ALSUntangled assigns a TOE
“Mechanism” grade of A (Table 1).

Pre-clinical models

Within the G93A mSOD1 mouse model of ALS,
abnormally increased gut permeability and reduced
numbers of butyrate-producing bacteria appear
before neurological deficits are apparent (29).
Three published studies in this mouse model show
that NaB or NaPB treatment can delay the onset
of motor deficits, prolong survival, and improve
motor function. In one study, butyrate-treated
mSOD1 mice were started on NaB at age 63 days,
and disease onset was prolonged by 40 days (age
of 150 days versus 110 days). This group had a
prolonged life span of 38 days (178 versus 140
days) (30). In another study that assess for NaPB,
intraperitoneal administration of NaPB at 200 and
400 mg/kg/day significantly extended survival by
8.6 and 21.9% respectively, compared with
untreated mice (137 and 153 days versus 126 days
in the control group) (31). In addition to disease
onset and life span, motor function was also
assessed in different studies by the rotarod per-
formance test where mice were placed onto the
rotating rod, and latency to fall was recorded when
the mouse fell from the rod. Mice treated with
NaB or NaPB had a significantly longer latency to
fall in the rotarod test (31,32). These studies are
generally well designed, and the results are repli-
cated across two separate groups of investigators.
Based on these studies, ALSUntangled assigns a
TOE “Pre-Clinical Models” grade of A (Table 1).



Data in PALS
Cases

In the online community PatientsLikeMe, 4 mem-
bers report taking NaPB, 2 report taking NaB, 1
reports taking calcium magnesium butyrate, 1
reports taking butyrin, and 1 reports taking butyric
plex as a treatment for ALS. Of these, only 2 (on
NaPB) completed treatment evaluations (33); one
rated effectiveness as “moderate” and the other
“can’t tell.” Within the cohort of “ALS Reversals”
being studied at Duke University (34,35), one was
taking NaPB (along with several other treatments)
during their recovery. Based upon this case with
validated diagnosis and recovery associated with
NaPB, we assign a TOE “Cases” grade of C
(Table 1). As we have mentioned previously, an
association between a treatment and an ALS
Reversal does not mean one caused the other;
there are many possible explanations for ALS
Reversals (35).

Trials

We found 2 trials of butyrates in PALS. The first
was an open label trial of 40 PALS treated with
escalating doses of NaPB (9-21 grams per day) for
20 weeks (14). Fourteen patients dropped out of
the study early, 7 for adverse events possibly
related to treatment. Histone acetylation of blood
cells changed with NaPB treatment, but no
improvement in clinical measures of disease pro-
gression (ALSFRS-R, FVC or grip strength) was
detected compared to historical controls. This
study was underpowered to detect changes in such
measures. The second trial sponsored by Amylyx
was randomized, double-blind and placebo-con-
trolled phase 2 study (36,37). Eighty-nine PALS
received a combination of NaPB (3grams twice a
day) and Tauroursodeoxycholic acid (TUDCA)
(lgram twice a day) called AMXO0035 and 48
PALS received a placebo. After 24 weeks in the
blinded portion of the trial, participants could
enter an open label extension. Sixty-nine percent
of PALS receiving NaPB and 77% of PALS
receiving placebo completed the blinded portion of
the trial. Disease progression, as measured by
ALSFRS-R (36) and survival (37) was significantly
better in the NaPB-treated patients compared to
the placebo-treated patients. A randomized, dou-
ble-blind, placebo-controlled, multicenter phase III
trial sponsored by Amylyx is currently recruiting
patients. This trial aims to evaluate the safety and
efficacy of AMXO0035 versus placebo for a 48-week
treatment (https://clinicaltrials.gov/ct2/show/
NCT05021536?term=amx0035&cond=ALS&

draw=2&rank=4). Approximately 600 participants
with definite or clinically probable ALS within 24
months of symptom onset will be enrolled across
more than 70 sites across the U.S. and Europe.
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Placebo or AMX0035 will be administered for 48
weeks. Primary outcome measures include
ALSFRS-R over treatment duration, adverse
events, and the number of participants in each
group able to remain on the study drug until
planned discontinuation. Participants who com-
plete the 48-week trial will have the option to
receive AMXO0035 after the trial if permitted by
each regions’ regulatory guidance.

Since TUDCA alone may improve ALS pro-
gression (38), it is not possible to delineate the
specific contribution of NaPB to the outcomes
seen in this trial. Thus, because one trial was
underpowered and the other studied NaPB in
combination with TUDCA, ALSUntangled assigns
a TOE “Trials” grade of U (Table 1).

Of additional interest, some studies suggest a
difference in butyrate-producing taxa in the gut
microbiome of PALS compared to healthy con-
trols. In a study, DNA extracted from stool sam-
ples of six PALS and five healthy controls showed
a significant decrease in butyrate-producing taxa,
including Anaerostipes and Lachnospiraceae, in the
gut microbiome of PALS (39). In another study,
DNA extracted from stool samples of 66 PALS
and 61 healthy controls demonstrated that relative
abundance of the dominant butyrate-producing
bacteria Eubacterium rectale and Roseburia intestina-
lis was significantly lower in PALS, as was the total
abundance of 8 dominant species capable of pro-
ducing butyrate (40). In a third study, the gut
microbiome of ten PALS and their spouses were
explored based on DNA extracted from rectal
swabs. Although a deficiency in butyrate-produc-
ing microbes was not observed, predictive analysis
of microbial enzymes revealed that PALS patients
had decreased activity in several metabolic path-
ways, including butyrate metabolism (41).

There are also human studies examining the
influence of the microbiome on ALS progression.
In a study comparing the microbiome profile of
nineteen PALS with different clinical characteris-
tics, although not statistically significant, PALS
with slow-progressing disease had a lower micro-
bial diversity and higher fecal butyrate levels than
other progression phenotypes, suggesting the possi-
bilities of using microbiome composition as a bio-
marker for ALS progression (42). In another study
of 49 PALS, the composition of the fecal micro-
biome of PALS was not significantly different from
matched healthy controls, but the complexity of
the microbiome appeared to have a significant
impact on survival times. PALS with increased
diversity of the microbiome had a higher risk of
being fast progressors. However, neither the
amounts of butyrate nor butyrate-producing bac-
teria were measured in individual subgroups (43).

Because of the complexity of the gut micro-
biome, and the phenotypic heterogeneity of ALS,
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although rapidly evolving, the understanding of the
microbiome in PALS is still limited. The clinical
implication of the composition of the gut micro-
biome, or more specifically butyrate-producing
taxa in PALS, is unclear. Nonetheless, with the
current knowledge that butyrate can affect the pro-
gression of ALS through different mechanisms, it
is an emerging area that could be targeted to
develop new biomarkers or regulate to slow down
ALS progression. Large studies are necessary to
decipher this issue. Probiotics have not been tested
in PALS.

Dosing, risks, and costs

Butyrate is available in a wide range of doses and
formulations. The optimal dosage and form of
butyrate for ALS treatment have yet to be estab-
lished. In the small open label trial of NaPB, 9
grams per day changed histone acetylation pat-
terns, and higher doses did not seem more effect-
ive at doing this (14). Ninety eight percent of 40
PALS tolerated 9 grams per day, 84% of 37 PALS
tolerated 12 grams per day, 76% of 31 PALS tol-
erated 15 grams per day, 60% of 29 PALS toler-
ated 18 grams per day, and 57% of 22 PALS
tolerated 21 grams per day. No serious adverse
events were seen in the PALS in this study.
Adverse events were seen at higher frequencies
than expected from a historical placebo group
including dizziness (22.5% of PALS), diarrhea
(20%), peripheral edema (20%), dry mouth
(17.5%), nausea (17.5%), rash (17.5%), fatigue
(15%), anxiety (12.5%) and abdominal pain
(12.5%). Several additional adverse events are
mentioned in the NaPB package insert, but these
occurred in children with urea cycle disorders or
patients with cancer diagnoses; consequently, it is
not clear how applicable they are to PALS (44).
With regard to butyrate itself, no adverse reactions
or side effects were observed in clinical trials for
Crohn’s disease with oral administration of
4000 mg per day (45). Based on the open label
NaPB trial in PALS (14), ALSUntangled assigns a
TOE “Risks” grade of C (Table 1).

It is important to note that there may be
marked differences in efficacy and side effect pro-
files associated with different butyrates. As we
have pointed out in reviews of other products,
there may even be differences in the formulation
of one specific butyrate (ex. NaPB) between differ-
ent brands/manufacturers. Purchasing a butyrate
supplement via a website or even purchasing pre-
scription NaPB through a pharmacy, does not
mean the risks and benefits experienced will be
similar to those seen in the NaPB and AMXO0035
trials described above.

The cost of butyrate will depend on the formu-
lation and dosage selected. NaB (available without

a prescription) at 2 grams per day can cost as little
as $30 per month (46). NaPB (available by pre-
scription) at a dose of 6 grams per day can cost as
much as $4000 per month (47). Insurance gener-
ally does not cover the cost of this.

Conclusion

Butyrates have plausible mechanisms for treating
ALS and positive preclinical studies replicated by
different groups. One PALS appeared to recover
lost motor function on NaPB in conjunction with
several other treatments; associations such as this
do not prove causality. There are 2 trials in which
PALS were treated with NaPB. One was under-
powered to detect a clinical effect, and the other
used NaPB along with TUDCA, so it is impossible
to isolate the benefits of NaPB alone. To date,
NaB has not been tested in clinical trials in PALS.
Butyrates can have common side effects, and some
forms are very expensive. We support further
investigation and trials of butyrates in PALS, but
we cannot yet recommend any of them as
a treatment.
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