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Abstract
AIM: To investigate whether butyrate or glutamine 
enemas could diminish inflammation in experimental 
diversion colitis. 

METHODS: Wistar specific pathogen-free rats were 
submitted to a Hartmann’s end colostomy and treated 
with enemas containing glutamine, butyrate, or saline. 
Enemas were administered twice a week in the excluded 
segment of the colon from 4 to 12 wk after the surgical 
procedure. Follow-up colonoscopy was performed every 
4 wk for 12 wk. The effect of treatment was evaluated 
using video-endoscopic and histologic scores and mea-
suring interleukin-1β, tumor necrosis factor-alpha, and 
transforming growth factor beta production in organ 
cultures by enzyme linked immunosorbent assay. 

RESULTS: Colonoscopies of the diverted segment 
showed mucosa with hyperemia, increased number 
of vessels, bleeding and mucus discharge. Treatment 
with either glutamine or butyrate induced significant 
reductions in both colonoscopic (P  < 0.02) and histo-
logical scores (P < 0.01) and restored the densities of 
collagen fibers in tissue (P = 0.015; P  = 0.001), the 
number of goblet cells (P  = 0.021; P  = 0.029), and the 
rate of apoptosis within the epithelium (P  = 0.043; P  = 
0.011) to normal values. The high levels of cytokines 
in colon explants from rats with diversion colitis signifi-
cantly decreased to normal values after treatment with 
butyrate or glutamine. 

CONCLUSION: The improvement of experimental di-
version colitis following glutamine or butyrate enemas 
highlights the importance of specific luminal nutrients 
in the homeostasis of the colonic mucosa and supports 
their utilization for the treatment of human diversion 
colitis.
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INTRODUCTION
Diversion colitis is a complex, nonspecific inflammatory 
disease that occurs in an excluded colonic segment in 
almost all patients submitted to a fecal diversion, such as 
loop colostomy or Hartmann’s procedure (end colosto-
my with closure of  the distal colon’s segment)[1,2]. Clinical 
manifestations typically include tenesmus with abundant 
rectal discharge of  mucus or blood and abdominal pain. 
The inflammatory process and the severity of  symptoms 
are highly variable, and occasionally, areas of  erosions 
and ulcerations spread throughout the segment and 
may cause severe colonic hemorrhage[3,4]. In some cases, 
it may be difficult to distinguish diversion colitis from 
other diseases that mimic not only the clinical manifesta-
tions but also the colonoscopic appearance. It is essential 
that diversion colitis not be mistaken for other diseases, 
especially ulcerative colitis or Crohn’s disease, for this 
may delay the initiation of  appropriate treatment. Rees-
tablishment of  the fecal stream is the ideal therapy for 
diversion colitis, but the best outcomes are directly re-
lated to the correct diagnosis[5]. However, many patients 
need to remain with the colostomy for long periods, and 
some will never attain the reconstruction of  intestinal 
continuity. As a consequence, it is expected that diver-
sion colitis will impair the quality of  life in a significant 
number of  patients.

The diagnosis and follow-up of  diversion colitis 
usually require endoscopic and histologic analyses, but 
none of  these are specific[6]. The endoscopic appearance 
ranges from absent to severe inflammatory features, 
including mucus discharge, luminal narrowing, friability, 
erythema, ulceration and a distorted mucosal vascular 
pattern[7,8]. Mucosal biopsy of  the diverted segment is an 
important auxiliary tool for the clinical or surgical man-
agement. Histological findings usually include mucosal 
edema, inflammatory infiltration with follicular lymphoid 
hyperplasia, vascular congestion, decreased number and 
depth of  crypts, expansion of  cellular elements and 
edema of  the lamina propria[9,10].

Bacterial proliferation[11,12], overproduction of  free 

oxygen radicals[13], impairment of  butyrate oxidation[14,15], 
defective transport of  short-chain fatty acids (SCFAs)[16], 
and immunological factors[17] are some of  the patho-
genic mechanisms proposed for explaining the intestinal 
inflammation after a surgical fecal diversion. Never-
theless, the exact etiopathogenesis of  diversion colitis 
remains unclear. Although an imbalance in the mucosal 
production of  proinflammatory and immunoregulatory 
cytokines has been implicated in the etiopathogenesis of  
inflammatory bowel disease (IBD)[18,19], this mechanism 
has not been well characterized in diversion colitis, and 
its potential pathogenic role is yet to be determined. 

Some new data suggest that the lack of  luminal nu-
trients may be crucial in the development of  diversion 
colitis. SCFAs, in particular butyrate, are considered the 
major energy source for colonocytes and have been as-
sociated with a mucosal trophic effect[16,20,21]. Therefore, 
it seems that dietetic supplementation with SCFAs or 
glutamine increases the function and repair of  the intes-
tinal mucosa under several conditions, such as radiother-
apy, chemotherapy, inflammation, trauma and sepsis[22-24]. 
In animal models, butyrate and glutamine administered 
through the oral route or enemas reduce inflammatory 
processes of  the intestinal colonic mucosa[25-29]. Howev-
er, the available data concerning the treatment of  human 
diversion colitis are still not clear.

Hence, the aim of  this study was to investigate 
whether administering essential nutrients for colono-
cytes, such as butyrate and glutamine, could alleviate 
mucosal inflammation and minimize scarring lesions in a 
model of  diversion colitis.

MATERIALS AND METHODS
Animals
The present study was carried out at the Center of  Ex-
perimental Surgery of  the School of  Medicine of  the 
Federal University of  Rio de Janeiro (UFRJ). The care 
and use of  animals and the procedures reported in this 
study were approved by the Ethical Committee for Lab-
oratory Animals of  the UFRJ and were in accordance 
with the guidelines of  the International Care and Use 
Committee of  the National Institutes of  Health and the 
Guide for the Care and Use of  Laboratory Animals.

Sixty adults Wistar rats (Rattus norvegicus) of  both 
sexes, specific pathogen-free and five months old, with 
mean body weight 250 g, were maintained on a 12 h/12 h 
light/dark cycle in a temperature-controlled room (24 ℃). 
Animals were fed standard rat chow and submitted to 
fasting for 24 h prior to the surgical procedure. Water was 
offered ad libitum during the whole experiment. 

Experimental groups
Animals were randomly assigned to four groups of  12 
animals each: the control group consisted of  rats with-
out any intervention (no surgery) but subjected to a 
colonoscopy and to the extraction of  the distal segment 
of  the colon. The treatment groups were submitted to a 
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Hartmann’s colostomy (standardized surgical procedure) 
followed by treatment with enemas containing saline, 
butyrate, or glutamine. 

Surgical procedure 
The anesthetic procedure consisted of  the intraperitoneal 
administration of  ketamine (1 mg/kg) associated with xy-
lazine (0.1 mg/kg). Immediately after anesthetic adminis-
tration, animals were immobilized in the dorsal decubitus 
position, and the skin was cleaned with an antiseptic sur-
gical scrub solution after shaving the surgical site. 

After a midline abdominal incision, animals were 
subjected to a Hartmann’s colostomy. With the exception 
of  the control group, all animals had the left colon tran-
sected transversally and the proximal segment brought 
out as an end colostomy, while the distal segment was 
sewn over and left within the abdomen as a blind rectal 
pouch. After the surgical manipulation, the laparotomy 
was closed by two layers of  continuous suture (Figure 1). 
In the first two postoperative days, animals received an-
algesia with dipyrone (1 g/L) in the drinking water. A ca-
loric supplement with glucose was also provided because 
they had been deprived of  solid food for the 24 h before 
surgery.

Treatment protocols
A standard volume of  1 mL containing saline (placebo), 
butyrate (40 mmol) or glutamine (50 g/L) was instilled 
into the distal excluded segment of  the colon through a 
rubber cannula (4 cm long), under light anesthesia. Ani-

mals were maintained in the Trendelenburg position for 
2 min after the procedure. Enemas were administered 
twice a week beginning at week 4 after surgery and going 
through week 12. 

Colonoscopies
Colonoscopies were performed under light anesthesia 
before the surgical procedure and thereafter every 4 wk, 
starting at 4 wk and going through the total follow-up of  
12 wk. In addition to the real-time evaluation of  muco-
sal appearance, video-endoscopic recorded movies were 
also used to confirm the results before and after the dif-
ferent treatments. Criteria for the endoscopic analysis 
were based on four parameters: hyperemia, number and 
size of  vessels, bleeding, and mucous secretion, as previ-
ously described[7]. Each parameter was assigned 0 to 4 
points, and the sum of  all parameters was used to gener-
ate a final endoscopic score.

After the 8th-week colonoscopic procedure, half  of  
the animals from each group (n = 6) were euthanized by 
anesthetic overdose, without any pain or suffering. Three 
samples were excised from the colon for histological as-
sessment and for organ cultures. The other animals from 
all groups (n = 6) where euthanized after the last colono-
scopic procedure.

Histologic examination
Specimens were fixed in 40 g/L formaldehyde saline, 
embedded in paraffin, cut into serial sections of  5 μm, 
and submitted to the different staining procedures. His-
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Figure 1  Steps of the surgical procedure. A: Isolation of the distal colon exposing the vascular arcade; B: Section of distal colon; C: Confection of colostomy; D: 
Completion of colostomy.
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tomorphological analysis were performed under light 
microscopy by two independent observers who were 
unaware of  the experimental data and who examined all 
tissue sections and captured images (Leica Microsystems 
Ltd, Switzerland).

The following histological parameters involving in-
flammatory and trophic alterations were studied in he-
matoxylin-eosin-stained slides: mucosal edema, lympho-
plasmacytic inflammatory infiltrate, lymphoid follicular 
hyperplasia, vascular congestion, number and depth of  
crypts, and the density of  cellular elements in the lamina 
propria. Each parameter was assigned 0 to 2 points, and 
a total score was obtained by the sum of  all parameters, 
as previously described[30].

Assessment of collagen deposition in the colon wall
The phosphomolybdic acid-picro-sirius red dye was used 
to stain collagen fibers in the tissue of  serial paraffin 
sections obtained as described above. At least 10 dif-
ferent areas per tissue section were analyzed under light 
microscopy at ×100 magnification. The density of  col-
lagen fibers was calculated as the area positively stained 
for collagen in relation to total intestinal tissue using an 
imaging analysis system (Leica QWin Plus V 3.5.1, Leica 
Microsystems Ltd, Switzerland).

Assessment of goblet cells in the colonic mucosa
The periodic acid of  Schiff  (PAS) was used to stain gob-
let cells within the intestinal epithelium. The density of  
goblet cells was defined as the percentage of  PAS-posi-
tive cells within at least 500 epithelial cells in the crypts 
and in the surface epithelium of  longitudinally sectioned 
colonic pits. 

Assessment of apoptosis in the colonic mucosa
To analyze apoptosis within the colon, fragmented DNA 
was stained by the terminal deoxynucleotidyltransferase 
(TdT)-mediated dUTP-biotin nick end labeling (TUNEL) 
assay, with the Apoptag® Plus Peroxidase In Situ Apopto-
sis Kit (Millipore, Billerica, MA, United States). Paraffin 
sections were first deparaffinized, incubated with protein-
ase K solution for 15 min at room temperature, and then 
immersed in hydrogen peroxide to block endogenous 
peroxidase activity. After rinsing with phosphate buffered 
saline (PBS), slides were incubated with equilibration buf-
fer for at least 1 min, followed by incubation with a solu-
tion containing TdT enzyme. Sections were incubated 
at 37 ℃ for 1 h. A second section from each sample, 
incubated without TdT enzyme, constituted the nega-
tive controls. Positive controls were prepared by treating 
samples with DNase Ⅰ (Sigma, Deisenhofen, Germany). 
The reaction was terminated by washing the slides with 
pre-warmed stop/wash buffer solution for 10 min. Speci-
mens were subsequently incubated with non-immune 
horse serum for 20 min and subsequently with an anti-
digoxigenin peroxidase conjugate for 30 min at room 
temperature. After being rinsed in PBS, all sections were 
developed with a solution containing hydrogen peroxide 

and diaminobenzidine. Preparations were lightly counter-
stained in Harris’s hematoxylin, dehydrated, and mounted 
in Permount (Fisher Scientific, Pittsburgh, PA, United 
States). Morphologically preserved TUNEL-positive cells 
and apoptotic bodies were referred to as apoptotic cells 
and identified by using pre-defined measurements in the 
computer-assisted image analyzer in conjunction with 
careful evaluation of  morphologic criteria. Percentages 
of  apoptotic cells were defined by the number of  im-
munoreactive cells in relation to total cells (immunoreac-
tive and nonimmunoreactive cells; ×400 magnification), 
counted among at least 500 epithelial cells in the crypts 
and in the surface epithelium of  longitudinally sectioned 
colonic crypts. Two independent observers who were 
unaware of  the experimental data examined all tissue sec-
tions and captured images.

Organ culture and cytokine measurements
Colonic mucosal explants were cultured in RPMI 1640 
medium supplemented with 10% fetal calf  serum (Life 
Technologies, United States), 10 mmol HEPES (Pro-
mega, United States), penicillin (100 kU/L) and strepto-
mycin (100 mg/L) (Sigma-Aldrich, St. Louis, MO, United 
States) for 24 h at 37 ℃ in a 50 mL/L CO2 humidified 
incubator. After incubation for 24 h, the supernatant 
was collected and stocked at -20 ℃. Samples were cen-
trifuged and the supernatants used to measure the con-
centrations of  the cytokines tumor necrosis factor-alpha 
(TNF-α), interleukin (IL)-1β and transforming growth 
factor beta (TGF-β) by enzyme-linked immunosorbent 
assay (ELISA) (R and D Systems, MN, United States). 
The total protein content of  the biopsy specimens was 
estimated by the bicinchoninic acid method, and values 
were used to normalize ELISA results. The minimum 
detectable concentrations of  rat TNF-α, IL-1β, and 
TGF-β were typically less than 5.0 ng/L.

Statistical analysis
Statistical analyses were performed using the statisti-
cal software SPSS for Windows (version 10.0.1, SPSS 
Inc., 1989-1999, United States). Significant differences 
among the experimental groups were evaluated by one-
way ANOVA followed by pairwise multiple comparisons 
using Dunnett’s T3 test. Colonoscopic score changes be-
fore and after treatment were compared by the Wilcoxon 
matched-pair signed-rank test. Values are expressed as 
medians (1st quartile, 3rd quartile). The level of  signifi-
cance was set at P < 0.05.

RESULTS
An inflammatory process similar to human diversion coli-
tis was well reproduced in the experimental model, and the 
peak inflammation was observed at 8 wk after induction.

Endoscopic changes in the colon 
Diversion colitis manifested predominantly as patchy 
inflammatory lesions in the excluded distal colon. Colo-
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noscopic images of  the diverted segment with colitis 
displayed a fragile mucosa, with hyperemia, increased 
number of  vessels, spontaneous bleeding, and increased 
mucous secretion (Figure 2). Animals treated with either 
butyrate or glutamine showed a significant reduction in 
the endoscopic scores compared to saline-treated ani-
mals at both 8 and 12 wk (Figure 2). 

Histological changes in the colon
Four weeks after surgery, the histological evaluation of  
the involved areas of  the colon showed mucosal edema, 
inflammatory infiltration with follicular lymphoid hyper-
plasia, vascular congestion, decreased number and depth 

of  crypts, expansion of  lamina propria cellular elements, 
and evidence of  transmural inflammation (Figure 3A-F). 
Significantly higher histologic inflammatory scores were 
found in the intestinal mucosa of  all animals submit-
ted to colitis induction through colostomy compared to 
the normal mucosa of  controls. Butyrate- or glutamine-
treated animals presented significantly reduced histologic 
scores of  the colon compared to those of  the saline-
treated group at 8 and 12 wk (Figure 3G). 

Number of goblet cells in the colonic lamina propria
The number of  goblet cells in the colonic mucosa was 
significantly lower in saline-treated rats, compared with 
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Figure 2  Endoscopic images of the diverted segments of the colon treated with different protocols at 4 wk, before treatment, and at 8 wk, the peak of 
inflammation in this experimental model. Diversion colitis is characterized by the presence of a fragile mucosa, hyperemia, spontaneous bleeding, and increased 
number of vessels and mucous secretion (at 8 wk). Colonoscopic images were semi-quantitatively analyzed with an endoscopic score. Animals treated with either 
glutamine or butyrate showed significantly reduced colonoscopic scores compared to animals without any treatment at 8 and 12 wk. Significant differences are noted (n 
= 6 in each group). 
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the higher numbers found in the therapeutic glutamine 
or butyrate groups, which were similar to those of  the 
normal control group (Figure 4). 

Deposition of collagen fibers in the colon wall
Increased densities of  collagen fibers were found in sa-
line-treated animals, with a diffuse distribution through-
out the colon wall. In contrast, rats treated with gluta-
mine or butyrate enemas showed a significant reduction 
in collagen deposition, with levels similar to those ob-
served in control animals (Figure 5).

Apoptotic rates in the colonic mucosa
In this diversion colitis model, significantly reduced rates 
of  apoptotic TUNEL-positive cells were observed in the 
epithelium of  glutamine- (P = 0.042) and butyrate-treat-
ed colitic animals (P = 0.011) compared to saline-treated 
animals. No significant difference was detected between 
glutamine- and butyrate-treated animals (Figure 6).

Cytokine production by the colonic mucosa
TNF-α, IL-1β, and TGF-β production by the colonic 
mucosa of  the diverted segment obtained at 8 wk was 

Figure 3  Hematoxylin-eosin-stained slides of diverted colon samples obtained at 8 wk. A, B: Images were captured at ×100 and ×400 magnifications, respec-
tively. Diversion colitis is characterized by a predominantly mononuclear cell infiltration, hyperemia, vasodilatation, and associated atrophic changes; C, D: Glutamine-
treated animals show a slightly inflamed colon; E, F: Butyrate-treated animals show an almost normal colon (n = 6 in each group). Bars represent 50 μm.

Figure 4  Quantitative analysis of goblet cells using periodic acid-schiff-stained slides of diverted colon samples obtained at 8 wk. Images show a significant 
reduction in the number of goblet cells in slides from animals with placebo-treated (A) colitis compared to (B) glutamine-treated, butyrate-treated(C) and control ani-
mals (D). Images were captured at ×100 magnification. In the slides, bars represent 50 μm. In the graph (E), horizontal bars represent medians, boxes represent the 
25th and 75th percentiles, and vertical bars represent ranges. Significant differences are noted (n = 6 in each group). 
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evaluated by ELISA in the supernatants of  24 h organ 
cultures. High levels of  TNF-α (Figure 7A), IL-1β (Fig-
ure 7B), and TGF-β (Figure 7C) were detected in the 
supernatants of  saline-treated colitis, and significantly 
lowered to normal values following treatment with gluta-
mine (Figure 7A) or butyrate (Figure 7A-C). 

DISCUSSION
The experimental model presented in this study dem-
onstrates that the simple deviation of  the fecal stream 
through a colostomy is capable of  inducing inflamma-
tion similar to human diversion colitis, even in specific 

pathogen-free animals. Both glutamine and butyrate 
treatments significantly attenuated the inflammatory 
process, supporting a crucial role for specific luminal 
nutrients in intestinal homeostasis. We show that the 
inflammatory process is characterized by inflammatory 
cell infiltration, collagen fiber deposition, and atrophic 
changes in the colon, with loss of  terminally differenti-
ated goblet cells and increased local apoptotic rates, re-
sulting in colonic remodeling. In addition, we show that 
a Th1-type of  immune response is likely to be respon-
sible for the inflammatory process and that the simple 
feeding of  glutamine or butyrate can downregulate pro-
inflammatory cytokines, reducing colonic inflammation.

Figure 5  Quantitative analysis of collagen fiber deposition in picric acid-stained slidesand apoptotic terminal deoxynucleotidyl transferase dUTP nick end 
labeling-positive cells of diverted colon samples obtained at 8 wk. Images show a significant increase of collagen density in slides from animals with placebo-
treated (A) colitis compared to (B) glutamine-treated, butyrate-treated (C) and control animals (D). Images were captured at ×100 magnification. In the slides, bars 
represent 50 μm. In the graph (E), horizontal bars represent medians, boxes represent the 25th and 75th percentiles, and vertical bars represent ranges. Significant 
differences are noted (n = 6 in each group). 

Figure 6  Quantitative analysis of apoptotic terminal deoxynucleotidyl transferase dUTP nick end labeling-positive cells of diverted colon samples ob-
tained at 8 wk. Images show a significant reduction in the number of apoptotic cells in slides from animals with placebo-treated (A) colitis compared to (B) glutamine-
treated, butyrate-treated (C) and control animals (D). Images were captured at ×100 magnification. In the slides, bars represent 50 μm. In the graph (G), horizontal 
bars represent medians, boxes represent the 25th and 75th percentiles, and vertical bars represent ranges. Significant differences are noted (n = 6 in each group). 
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Although the exact mechanism underlying the patho-
genesis of  diversion colitis is yet to be determined, the 
deficiency of  SCFAs is thought to play an important 
role in the inflammatory process[34,35]. Because SCFAs 
constitute the major source of  energy for human colo-
nocytes[36,37], SCFA depletion in the defunctionalized 
colon segment would most likely result in a homeostatic 
imbalance of  a rapid-turnover tissue. Energy deprivation 
can limit cell restoration or induce colonocyte apop-
tosis, consequently disrupting the epithelial barrier. In 
this work, the reduction of  goblet cells together with 
increased apoptotic rates within the colonic mucosa re-
flects the characteristic atrophic changes of  the inflam-
matory process. Once the mucosal barrier is disrupted, 
the lamina propria is overexposed to luminal antigens, 
thus exacerbating the inflammatory response. Of  note, 
some studies suggest that SCFA deprivation may consti-
tute an additional factor for the development or the ex-
acerbation of  IBD[35,38,39]. In addition, enemas containing 
SCFAs have been utilized with relative success in subsets 
of  patients with IBD[40,41]. 

Among the SCFAs, butyrate is the preferential nutri-
ent for colonocytes. In vitro in both rat and human colo-
nocytes, most oxygen consumption is due to butyrate 
oxidation[14,15]. Therefore, in this work we chose to work 
with butyrate in its isolated form, devoid of  other SC-
FAs, in contrast to previous works[35,42,43].

Although the etiopathogenesis of  IBD is complex and 
multifactorial, the chronic inflammatory process involves 
the excessive production of  proinflammatory cytokines 
by the intestinal mucosa[44]. In particular, in Crohn’s dis-
ease, the disruption of  the intestinal epithelial barrier and 
increased apoptosis are paralleled by a predominant local 
Th1/Th17-type of  immune response[18,45,46]. In our mod-
el, we observed a remarkable mononuclear cell accumula-
tion within the lamina propria and atrophic changes in 
the epithelial layer, together with overproduction of  IL-
1β and TNF-α. Most interesting, butyrate and to a lesser 

4285 August 28, 2012|Volume 18|Issue 32|WJG|www.wjgnet.com

Diversion colitis constitutes an inflammatory process 
that develops within a colon segment following surgi-
cal deviation of  the bowel traffic, and it usually includes 
the whole excluded segment, with findings common to 
other inflammatory conditions of  the colon[1,2]. Hence, 
it would be expected that the human disease could be 
reproducible in animal models[30,31]. In accordance with 
our results, another study in rats demonstrated that 
inflammatory abnormalities can be detected after the 
fourth week following colostomy, reaching their peak be-
tween week 8 and 12[32]. In the present study, we aimed 
to establish an inflammatory curve for diversion colitis. 
To accomplish this, we performed serial colonoscopies 
every two weeks from week 4 to week 20 in a pilot study, 
testing loop colostomy vs Hartmann’s surgery. We con-
firmed that the inflammatory process appears after week 
four, peaking at week 8, and that the best results were 
obtained with Hartmann’s colostomy. In addition, we 
showed that at sixteen week, most animals displayed a 
spontaneous attenuation of  the inflammation. Because 
of  these findings, we determined the best period of  time 
for the study of  inflammation and treatment outcomes 
in the experimental model. 

In humans, diversion colitis typically occurs between 
three and thirty-six months after surgery, and once devel-
oped, the pathologic process and clinical manifestations 
can persist for decades[10,33]. Nevertheless, it seems impor-
tant to note that the biologic cycle of  rats is faster com-
pared with humans, and as a consequence, the timing of  
the establishment of  colitis and the response to treatment 
are also expected to be different. Regarding the sever-
ity of  diversion colitis, there appears to be considerable 
variation among individuals submitted to colostomy[7,10]. 
This fact can be explained, at least in part, by the type 
of  surgical procedure. For example, the loop colostomy 
technique allows the passage of  some fecal residues to 
the excluded segment, sufficient to nourish colonocytes 
and most likely preserving their viability and function. 

Figure 7  Cytokine production by the colonic mucosa of the diverted segment, obtained at 8 wk. Cytokines in 24 h organ cultures were measured by enzyme-
linked immunosorbent assay and presented in pg/mL of culture supernatant, normalized to the protein content of tissues. A: High levels of tumor necrosis factor-α 
(TNF-α) measured in saline-treated colitis were restored to normal values following treatment with glutamine or butyrate; B, C: The high levels of interleukin (IL)-1β 
and of transforming growth factor beta (TGF-β) detected in supernatants of saline-treated colitis decreased significantly after treatment with butyrate. Horizontal bars 
represent medians, boxes represent the 25th and 75th percentiles, and vertical bars represent ranges. Significant differences are noted (n = 6 in each group).
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extent glutamine significantly reduced the production of  
these Th1-type pro-inflammatory cytokines. In addition, 
the high levels of  cytokines were correlated with the oth-
er macroscopic and histologic parameters used to analyze 
diversion colitis. 

The highest levels of  TGF-β were also detected in 
samples from animals with diversion colitis, in conjunc-
tion with the increased densities of  collagen fibers. 
TGF-β is a multifunctional cytokine with potentially 
high anti-inflammatory activity, but it is also critical in 
extra-cellular remodeling in chronic inflammatory bowel 
diseases[47,48]. Here, we showed that treatment with topi-
cal butyrate significantly reduced the levels of  TGF-β 
and collagen deposition in the colon. Although the 
mechanism responsible for the reduction of  TGF-β is 
not clear, it is likely that the immunomodulatory actions 
of  butyrate, including suppression of  pro-inflammatory 
cytokines, could indirectly downregulate TGF-β[49,50]. In-
dependently of  the exact mechanism responsible for the 
downregulation of  TGF-β, it is relevant to highlight the 
anti-fibrotic effect of  butyrate in this model. This find-
ing seems to indicate a potential influence of  butyrate 
counteracting fibrogenesis, an end-point consequence of  
many different diseases in which chronic inflammation is 
the dominant pathological process. 

In conclusion, the successful treatment of  this ex-
perimental model with either glutamine or butyrate 
supports the hypothesis of  luminal nutrient deprivation 
as a major etiopathogenic mechanism underlying diver-
sion colitis. In particular, butyrate, with its remarkable 
anti-inflammatory and regenerative effects, appears as a 
potential new alternative to topical therapy for human 
diversion colitis.
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