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Butyrate inhibits inflammatory responses through
NFêB inhibition: implications for Crohn’s disease
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Abstract
Background/aim—Proinflammatory cytokines are key factors in the pathogenesis
of Crohn’s disease (CD). Activation of
nuclear factor kappa B (NFêB), which is
involved in their gene transcription, is
increased in the intestinal mucosa of CD
patients. As butyrate enemas may be beneficial in treating colonic inflammation, we
investigated if butyrate promotes this
eVect by acting on proinflammatory cytokine expression.
Methods—Intestinal biopsy specimens,
isolated lamina propria cells (LPMC), and
peripheral blood mononuclear cells
(PBMC) were cultured with or without
butyrate for assessment of secretion of
tumour necrosis factor (TNF) and mRNA
levels. NFêB p65 activation was determined
by immunofluorescence and gene reporter
experiments. Levels of NFêB inhibitory
protein (IêBá) were analysed by western
blotting. The in vivo eYcacy of butyrate
was assessed in rats with trinitrobenzene
sulphonic acid (TNBS) induced colitis.
Results—Butyrate decreased TNF production and proinflammatory cytokine
mRNA expression by intestinal biopsies
and LPMC from CD patients. Butyrate
abolished lipopolysaccharide (LPS) induced expression of cytokines by PBMC
and transmigration of NFêB from the
cytoplasm to the nucleus. LPS induced
NFêB transcriptional activity was decreased by butyrate while IêBá levels were
stable. Butyrate treatment also improved
TNBS induced colitis.
Conclusions—Butyrate decreases proinflammatory cytokine expression via inhibition of NFêB activation and IêBá
degradation. These anti-inflammatory
properties provide a rationale for assessing butyrate in the treatment of CD.
(Gut 2000;47:397–403)
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It is well established that proinflammatory
cytokines (for example, interleukin (IL) 1,
IL-6, and tumour necrosis factor (TNF)) play
a key role in the pathogenesis of Crohn’s
disease (CD), a major inflammatory bowel disease (IBD).1 2 Several studies have shown that
increased TNF-á and TNF-â levels in intestinal mucosa, stool, serum, lamina propria
mononuclear cells (LPMC), and peripheral
blood mononuclear cells (PBMC) are particu-
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lar features of CD.3–8 Steroid treatments disrupt
the cytokine cascade of the inflammatory process but their systemic action and side eVects
can be harmful, particularly during long term
treatment. The same is true for other drugs
such as aminosalicylates which are of limited or
marginal benefit, especially when used as a
prophylactic against relapse.9 New therapeutic
approaches are being developed to limit or
neutralise the action of agents involved in the
inflammatory process. In many inflammatory
disorders TNF-á is considered a good target
for therapy as its neutralisation can lead to a
reduction in the levels of other proinflammatory mediators.10 The pivotal role of TNF-á in
inflammatory responses has been demonstrated by the eYcacy of antibodies directed
against TNF-á in CD and rheumatoid
arthritis.11–13
Recent studies have shown that the transcription factor nuclear factor kappa B (NFêB)
may also be a good target for therapy.14–16 NFêB
is known to play a central role in immune and
inflammatory responses and is involved in
transcriptional regulation of many cytokine
genes, including TNF.17 The primary form of
NFêB consists of a heterodimer of NFêB1
(p50) and RelA (p65) which is sequestered in
the cytoplasm by tightly bound inhibitory proteins of the inhibitor protein kappa B (IêB)
family. NFêB can be activated by several
stimuli, including proinflammatory cytokines
or bacterial lipopolysaccharide (LPS). In response to stimuli, IêB is phosphorylated, ubiquitinated, and degraded, thus allowing NFêB
to translocate to the nucleus where it can
induce gene transcription by binding to specific
promoter elements.17 Increased activation of
NFêB p65 has been reported in colonic biopsy
specimens from patients with CD.14 15 Furthermore, administration of an antisense oligonucleotide against NFêB p65 gave impressive
results in two mice models of experimental
colitis by inhibiting intestinal inflammation.16
Despite these promising new therapies, at
present CD treatments are limited to aminosalicylates, corticosteroids, and immunosuppressants. Butyrate, which is produced by
bacterial fermentation of dietary fibre, plays an
Abbreviations used in this paper: CD, Crohn’s
disease; IBD, inflammatory bowel disease; TNF,
tumour necrosis factor; IL, interleukin; TNBS,
trinitrobenzene sulphonic acid; LPS,
lipopolysaccharide; PBMC, peripheral blood
mononuclear cells; LPMC, lamina propria
mononuclear cells; NFêB, nuclear factor kappa B; IêB,
inhibitor protein kappa B; RT-PCR, reverse
transcription-polymerase chain reaction; TSA,
trichostatin A.
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Materials and methods
PATIENTS AND BIOPSIES

Seventeen patients with CD (nine males, eight
females; aged 18–75 years) and six healthy
controls (three males, three females; aged
27–65 years) were prospectively included. At
the time of the study, four patients were receiving steroids, six 5-aminosalicyclic acid, and one
azathioprine. Six CD patients and all controls
were not receiving any medication. All patients
underwent endoscopy for medical reasons.
Colonic biopsy specimens were obtained from
inflamed and/or non-inflamed mucosa of
patients with active or inactive CD. Mucosal
biopsies were taken from control patients free
of organic intestinal disease who underwent
sigmoidoscopy or colonoscopy as part of a gastroenterological work up. All patients gave
informed consent to take part in the study.
TISSUE CULTURE

Biopsies were cultured for 24 hours with or
without butyrate (2 and 10 mM; Sigma, Saint
Quentin Fallavier, France) in RPMI 1640 supplemented with 10% fetal calf serum,
L-glutamine, penicillin, streptomycin, and gentamycin. All tissue culture products were from
Life Technologies (Cergy Pontoise, France).
Supernatants and biopsies were recovered
separately, snap frozen in liquid nitrogen, and
stored at −80°C for TNF assay or RNA isolation, respectively.
ISOLATION AND CULTURE CONDITIONS FOR
LAMINA PROPRIA MONONUCLEAR CELLS

LPMC were isolated using the method of Bull
and Bookman.25 Biopsies were incubated in
fetal calf serum free medium supplemented
with 1 mM EGTA and 0.1% bovine serum
albumin at 37°C for 30 minutes, and then with
100 U/ml of type VIII collagenase (Sigma) for
another 30 minutes. After Ficoll density
gradient, LPMC were cultured with or without
2 mM butyrate at 37°C for 24 hours. Supernatants and cells were recovered separately for
cytokine assay and RNA isolation, respectively.
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ISOLATION AND CULTURE CONDITIONS FOR
PERIPHERAL BLOOD MONONUCLEAR CELLS

PBMC were isolated from heparinised blood
by Ficoll density gradient. Cells (5×106) were
cultured with or without 2.5 µg/ml of LPS
(Salmonella typhosa, Sigma) for 24 hours. The
medium was replaced by medium alone or
supplemented with either LPS (2.5 µg/ml),
butyrate (2 mM), or both, and incubated for
another 20 hours. Trichostatin A (TSA 0.5
µM), a histone deacetylase inhibitor (kindly
provided by Professor M Yoshida, Tokyo,
Japan) was tested under the same conditions.
Supernatants and cells were recovered for
cytokine assay and RNA isolation, respectively.
IMMUNOFLUORESCENCE STAINING OF NFêB p65

In parallel experiments, PBMC or LPMC were
cultured on coverglasses under the same
conditions as described above. Cells were fixed
for five minutes in −20°C methanol, air dried,
and permeabilised for five minutes with
phosphate buVered saline/0.3% Triton X-100.
After saturation of non-specific binding sites
with normal goat serum at 10 µg/ml in
phosphate buVered saline, cells were incubated
with anti-NFêB p65 (Rel A) polyclonal
antibody (Santa Cruz Biotechnology, California, USA) or normal rabbit IgG for one hour at
room temperature followed by incubation with
a fluorescein isothiocyanate conjugated goat
antirabbit antibody (Caltag Laboratories) for
one hour. After washes, the slides were
mounted for fluorescence microscopy.
TNF ACTIVITY ASSAY

Biologically active total TNF-á/â was
measured using the WEHI 164 clone 13 cell
killing assay.26 Concentrations of total TNF are
expressed as pg/ml.
REVERSE TRANSCRIPTION-POLYMERASE CHAIN
REACTION (RT-PCR)
Total RNA from biopsies, LPMC, and PBMC
was isolated using TRIzol Reagent (Life Technologies). cDNA was generated on 1 µg of total
RNA in a reaction volume of 20 µl, using
M-MLV reverse transcriptase (RT; Life Technologies). PCR was performed in the linear
range of amplification (determined for each
primer pair-cDNA combination). Standard
PCR reactions were performed with 1 µl of the
cDNA solution, 50 µM of each primer
solution, 10 mM of each dNTP, 25 mM
MgCl2, 10X Goldstar DNA polymerase reaction buVer, and 0.5 units of Goldstar DNA
polymerase (Eurogentec, Seraing, Belgium).
Each PCR cycle consisted of one minute at
92°C, one minute at 58°C, and one minute at
72°C.
The following sense/antisense primers (Genosys, Pampisford, UK) were designed to amplify
cDNA fragments that span at least one intron of
the corresponding gene: TNF-á: 5'-AAGCC
TGTAGCCCATGTTGT-3' and 5'-CAGAT
AGATGGGCTCATACC-3'; TNF-â: 5'-AAA
CCTGCTGCTCACCTCATT-3' and 5'-TGG
ATACACCATCTTCTGGG-3'; IL-1â: 5'-TG
CCCGTCTTCCTGGGAGGG-3' and 5'-GG
CTGGGGATTGGCCCTGAA-3'; IL-6: 5'-TA
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important physiological role in maintaining the
health and integrity of the colonic mucosa.18 It
provides the primary energy source for the
colonic epithelium and also regulates epithelial
cell proliferation and diVerentiation. Butyrate
has been shown to reduce inflammation in
experimental colitis induced in rats by trinitrobenzene sulphonic acid (TNBS)19 but no
mechanism of action was proposed. In ulcerative colitis this eVect was attributed to restoration of energy metabolism in colonocytes.20
However, recent studies do not support this
concept, at least regarding the primary nature
of the deficiency.21 Conversely, other studies
have demonstrated that butyrate exerts immunomodulatory eVects, for example downregulation of T cell responses, induction of Th1 cell
anergy, and modulation of antigen presentation
associated molecules.22–24
In this study we investigated if butyrate
reduces inflammation in CD through an
inhibitory eVect on proinflammatory cytokine
expression and the transcription factor NFêB.

399

Butyrate inhibits inflammatory responses through NFêB inhibition

30

Butyrate (mM)

0

2

LPMC
10

0

2

TNF-β

20

IL-6

15

**

IL-1β

10
***
5

β–actin

**

0
Inflamed

Non-inflamed

Normal

PBMC

B

TNF (pg/ml)

500

B

400

Butyrate
LPS

300

TNF-α

200

_
_

+
_

_
+

+
+

TNF-β
**

100

IL-6

0
Control

LPS

LPS + butyrate

Figure 1 EVect of butyrate on tumour necrosis factor
(TNF). Colonic biopsies (A) from inflamed (n=14) or
non-inflamed (n=15) mucosa of patients with Crohn’s
disease or from normal (n=6) mucosa of healthy controls
were cultured for 24 hours with or without 2 or 10 mM
butyrate. **p<0.01,***p<0.001 v 0 mM. (B) Peripheral
blood mononuclear cells (PBMC) (n=7) were cultured for
24 hours alone or in the presence of 2.5 µg/ml
lipopolysaccharide (LPS) followed by 20 hours under the
same conditions with or without 2 mM butyrate.
Supernatant concentrations of total TNF were assessed by
WEHI cell bioassay, and results are expressed as mean
(SEM). **p<0.01 v LPS.

GCCGCCCCACACAGACAG-3' and 5'-GG
CTGGCATTTGTGGTTGGG-3'; â-actin: 5'GGCATCGTGATGGACTCCG-3' and 5'GC
TGGAAGGTGGACAGCGA-3'.
THP-1 TRANSFECTION

The plasmid 3XMHC-luc (a generous gift
from Drs J Westwick and D A Brenner,
University of North Carolina, Chapel Hill,
USA) contained three copies of NFêB responsive elements from the MHC class I locus,
placed upstream of the luciferase gene. Human
monocytic THP-1 cells were transiently transfected as previously described27 and cultured
for four hours alone or with 2.5 µg/ml LPS, 2
mM butyrate, or both. Luciferase activity was
determined using a luminometer (Monolight
2010 Luminometer, Ann Arbor, Michigan,
USA).
WESTERN BLOT ANALYSIS

THP-1 cells were stimulated for various
periods of time with 2.5 µg/ml LPS in the presence or absence of 2 mM butyrate. Cells were
pelleted, washed, and homogenised in lysis
buVer (10 mM Hepes, pH 7.9, 150 mM NaCl,
1 mM EDTA, 0.6% NP-40, 0.5 mM PMSF,
1 µg/ml leupeptin, 1 µg/ml aprotinin, 10 µg/ml
soybean trypsin inhibitor, 1 µg/ml pepstatin) on
ice. Homogenates were sonicated and centrifuged at 5000 rpm to remove cellular debris.
Protein concentrations were determined by
DC protein assay (Bio-Rad, Hercules, California, USA). Samples (15 µg of total protein)
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IL-1β
β–actin
Figure 2 EVect of butyrate on proinflammatory cytokine
mRNA. Biopsies and isolated lamina propria mononuclear
cells (LPMC) (A) from inflamed mucosa of patients with
Crohn’s disease were cultured for 24 hours with or without
2 or 10 mM butyrate. Peripheral blood mononuclear cells
(PBMC) (B) were cultured for 24 hours alone or in the
presence of 2.5 µg/ml lipopolysaccharide (LPS) and then
for another 20 hour period under the same conditions with
or without 2 mM butyrate. RNA was extracted and
RT-PCR was performed using primers designed for
interleukin (IL)-1â, IL-6, tumour necrosis factor
(TNF)-â, TNF-á, and control â-actin.

were separated on a denaturing 12% polyacrylamide gel and transferred to a nitrocellulose
membrane. IêBá protein was detected by
chemiluminescence using a rabbit polyclonal
antibody according to the manufacturer’s
instructions (New England Biolabs, Hitchin,
UK).
INDUCTION AND EVALUATION OF INFLAMMATION

Colitis was induced in Wistar rats (n=20) by
infusing 30 mg of TNBS/40% ethanol into the
distal colon. From the third day after TNBS
instillation, rats were randomised to one of two
groups (n=10 each) and treated daily with isotonic saline or 100 mM butyrate enemas for
two weeks. Colonic damage was scored morphologically and histologically using semiquantitative
methods,
as
described
previously.28 29 Principles of laboratory animal
care and guidelines according to the declaration of Helsinki were followed.
IMMUNOHISTOLOGY

The colon was removed from TNBS treated
rats, and paraYn sections were prepared and
stained with haematoxylin and eosin. Immunostaining for colon paraYn sections was performed using a monoclonal antibody to the
p65 subunit specific to the activated form of
NFêB, according to the manufacturer’s instructions (Boehringer Mannheim).
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Figure 3 EVect of
butyrate on nuclear
translocation of nuclear
factor kappa B (NFêB).
Peripheral blood
mononuclear cells (PBMC)
(A) unstimulated, (B)
lipopolysaccharide (LPS)
stimulated, or (C) LPS
stimulated and treated with
2 mM butyrate. The
intracellular location of
NFêB p65 (RelA) was
determined by
immunofluorescence using
an anti-NFêB p65
polyclonal antibody.
Magnification, ×400.
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Figure 5 EVect of butyrate on inhibitor protein kappa Bá
(IêBá) expression. THP-1 cells were stimulated for various
periods of time with 2.5 µg/ml lipopolysaccharide (LPS), in
the presence or absence of 2 mM butyrate. Cell lysates were
subjected to western blot analysis of IêBá.
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Figure 4 EVect of butyrate on nuclear factor kappa B
(NFêB) transcriptional activity. THP-1 cells were
transiently transfected with the NFêB reporter plasmid
3XMHC-luc and cultured alone or in the presence of 2.5
µg/ml lipopolysaccharide (LPS), with or without 2 mM
butyrate for four hours. Luciferase activity was then
determined. Data are mean (SEM) of four experiments.
STATISTICAL ANALYSIS

Control
Butyrate
TSA
LPS
LPS + butyrate

TNF concentrations are expressed as mean
(SEM) and were compared using the Student’s
t test (normal distribution) or Wilcoxon’s test
for paired samples. One way ANOVA was used
to analyse the dose eVect of butyrate on TNF
concentrations.
Results
EFFECT OF BUTYRATE ON CYTOKINE PRODUCTION

Biopsies from inflamed mucosa produced
higher levels of TNF (as well as IL-1â and
IL-6, data not shown) than those from
non-inflamed or normal mucosa (fig 1A). In
the presence of butyrate, TNF levels decreased
dose dependently in both inflamed (p=0.0001)
and non-inflamed (p=0.0153) biopsies. With
10 mM butyrate, TNF levels (as well as IL-6
and, less consistently, IL-1â) returned to
control values. Similarly, 2 mM butyrate
strongly inhibited LPS induced TNF production by PBMC in both CD patients and control
subjects (fig 1B). No significant toxicity or
apoptosis (Annexin v/propidium iodide cytometric analysis) was noted in PBMC treated
with butyrate concentrations up to 6 mM (data
not shown).
EFFECT OF BUTYRATE ON CYTOKINE mRNA
EXPRESSION

RT-PCR analysis revealed increased mRNA
levels for TNF-â, IL-1â, and IL-6 in biopsies
from inflamed areas and isolated LPMC (fig
2A). As reported by Isaacs and colleagues,30
TNF-á was scarcely or not detected in
ethidium bromide stained gels. Butyrate reduced mRNA cytokine expression dose dependently in both biopsies and isolated LPMC
(fig 2A). Subsequent studies of the eVect of
butyrate on the LPS induced inflammatory
response of PBMC showed that LPS stimulated TNF-á, TNF-â, IL-1â, and IL-6 mRNA
expression (fig 2B). Butyrate treatment resulted in reduction or inhibition of LPS stimulated expression of cytokine mRNAs.
EFFECT OF BUTYRATE ON NFêB ACTIVATION

In unstimulated cells, NFêB p65 was detected
mainly in the cytoplasm (fig 3A). Stimulation
of PBMC with LPS induced translocation of
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Figure 6 Comparison of the eVects of butyrate and
trichostatin A (TSA) on production of tumour necrosis
factor (TNF). Peripheral blood mononuclear cells were
cultured for 24 hours alone or in the presence of 2.5 µg/ml
lipopolysaccharide (LPS) followed by 20 hours under the
same conditions with or without 2 mM butyrate or 0.5
µM/ml of the histone deacetylase inhibitor TSA.
Supernatant concentrations of total TNF were assessed by
WEHI cell bioassay, and the results are expressed as mean
(SEM) of three experiments.

NFêB p65 from the cytoplasm to the nucleus
(fig 3B), which was inhibited by butyrate (fig
3C). Similar results were obtained when
immunofluorescence was performed on
LPMC and frozen sections of cultured CD
biopsies (data not shown). In THP-1 monocytes transfected with an NFêB/luciferase
reporter plasmid, butyrate inhibited LPS induced luciferase activity and thus NFêB driven
reporter gene transcription (fig 4).
EFFECT OF BUTYRATE ON IêBá PROTEIN LEVELS

As butyrate inhibited LPS induced NFêB activation, we wished to determine if this eVect was
mediated by inhibition of IêBá degradation,
the NFêB inhibitory protein. Western blot
analysis of total THP-1 cell protein extracts
showed a decrease in IêBá levels only four
hours after stimulation with LPS (fig 5). In the
presence of butyrate, this eVect was abolished
and IêB levels were stable throughout the
period of stimulation with LPS.
Similar results were obtained with PBMC
and LPMC of CD patients (data not shown).
COMPARISON OF BUTYRATE AND TRICHOSTATIN A
EFFECTS ON TNF PRODUCTION

Butyrate may aVect gene expression by inhibiting histone deacetylase.31 32 Thus the eVect of
butyrate on TNF production by LPS stimulated PBMC was compared with that of the
histone deacetylase inhibitor TSA. Contrary to
the inhibitory eVect observed with butyrate,
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TSA treatment of unstimulated or LPS stimulated PBMC increased TNF production (fig
6).

As reported by our group33 and others,19
butyrate enemas in rats with experimental colitis induced by rectal instillation of TNBS
decreased inflammation (MPO activity, data
not shown) and stimulated mucosal repair (fig
7A, B). In organ cultures, colonic segments
from TNBS inflamed rats produced high levels
of TNF which were decreased by butyrate
treatment (data not shown). We then explored
the eYcacy of butyrate enemas by monitoring
the eVect on NFêB activation in the colonic
mucosa of rats with TNBS induced colitis. A
monoclonal antibody specific for the activated
form of NFêB p65 was used for immunofluorescence staining of colonic sections. Numerous infiltrates of intensely labelled immune
cells were detected in rats receiving saline

Figure 7 EVects of butyrate treatment on established colitis. Haematoxylin and eosin
stained (A, B) paraYn sections of colon of rats with trinitrobenzene sulphonic acid
(TNBS) induced colitis receiving isotonic saline (A) or 100 mM butyrate (B) enemas for
two weeks. Magnification, ×200. Immunofluorescence staining (C, D) of paraYn sections of
colon of rats with TNBS induced colitis receiving isotonic saline (C) or 100 mM butyrate
(D) with a monoclonal antibody specific to the activated form of nuclear factor kappa B.
Magnification, ×300.
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Discussion
We have demonstrated for the first time that
butyrate inhibits inflammatory responses in
CD by inhibition of NFêB activation in
immune cells.
High levels of circulating and mucosal
proinflammatory cytokines are a characteristic
feature of CD.1 2 We confirmed that intestinal
biopsies as well as isolated LPMC obtained
from inflamed mucosa of CD patients secrete
significantly more IL-1â, IL-6, and TNF than
normal controls.7 34 35 Our main finding was
that butyrate had a dose dependent eVect in
decreasing TNF secretion in both inflamed
and non-inflamed tissues. Interestingly, with
10 mM butyrate, TNF levels returned to control values. Similar results were observed for
IL-6 and, although less consistently, for IL-1â
(data not shown). Although intestinal epithelial
cells can secrete proinflammatory cytokines,
we focussed on immune cells which are the
main eVectors of the inflammatory response in
CD. We then determined that butyrate decreased proinflammatory cytokine production
by downregulating mRNA expression in both
intestinal biopsies and LPMC.
To elucidate the mechanism of action of
butyrate, we designed experiments mimicking
the inflammatory states of biopsies or isolated
LPMC from CD patients. Circulating bacterial
LPS may contribute to monocyte activation in
patients with CD36 and it is well established
that monocytes secrete a host of cytokines in
response to LPS, including TNF, IL-1â, and
IL-6. As expected, LPS stimulation resulted in
increased TNF secretion by PBMC, an eVect
abolished by butyrate. Similarly, butyrate
decreased mRNA expression of proinflammatory cytokines by PBMC in response to LPS.
The decrease in cytokine mRNA expression
prompted us to examine the eVect of butyrate
on the key transcription factor NFêB, which is
implicated in the regulation of a variety of
genes during immune and inflammatory
responses,17 including those encoding TNF,
IL-1, and IL-6. Moreover, it has been shown
that NFêB activation is increased in the colonic
mucosa of CD patients. The active form of
NFêB is present in the cytoplasm of resting
cells bound to inhibitory protein of the IêB
family. Activation of NFêB by inflammatory
cytokines or LPS requires IêB degradation
thus allowing NFêB to translocate to the
nucleus. In PBMC and LPMC of CD patients,
butyrate inhibited nuclear translocation of
NFêB, an eVect associated with an increase in
IêB levels observed in western blot experiments. We further investigated the eVect of
butyrate on NFêB transcriptional activity
using monocytic THP-1 cells transfected with
an NFêB/luciferase reporter plasmid. In this
system, luciferase gene expression was exclusively controlled by NFêB, and it was also
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IN VIVO EFFICACY OF BUTYRATE

enemas (fig 7C), and activated NFêB p65 was
also detected in epithelial cells (fig 7C).
Conversely, a marked reduction in both
infiltrating cells and activated NFêB p65 staining was observed in rats receiving butyrate
enemas (fig 7D).
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reported to induce anergy in Th1 cells.23
Finally, we have found that butyrate also
stimulates anti-inflammatory/type 2 cytokines
(for example, IL-10) and downregulates type 1
cytokines (for example, interferon ã) (unpublished data). As it now seems well established
that a Th1 driven immune process is involved
in CD whereas a Th2-like process is involved in
ulcerative colitis, butyrate therapy may be indicated more in CD than in ulcerative colitis.
In conclusion, the benefit of butyrate has
already been reported in diseases such as
haemoglobinopathies or urea cycle disorders,
giving few or no side eVects.46 47 In both disorders, butyrate was administered intravenously.
In contrast, in ulcerative colitis, butyrate
enemas have not always provided convincing
results. Its eVect on immune cells by this
method may not be optimal. Further studies
should also be conducted to determine how
butyrate can best be administered in IBD, particularly in CD.
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