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Abstract:    Intrarectal infusion of butyrate improves colorectal disorders including ulcerative colitis (UC). However, it is 
not established whether systemically administered butyrate benefits such patients. The current study aimed at ex-
ploring and comparing the potential of intraperitoneally, intrarectally, and orally administered butyrate against acetic 
acid (AA)-induced UC in rats. Intrarectal administration of 2 ml of 50% AA was done after or without prior treatment of 
rats for 7 consecutive days with 100 mg/kg sodium butyrate (SB) intraperitoneally, intrarectally, or orally. Rats were 
sacrificed after 48 h of AA-treatment. Subsequently, colon sections were processed routinely for histopathological 
examination. We clinically observed diarrhea, loose stools, and hemoccult-positive stools, and histologically, epithelial 
loss and ulceration, crypt damage, goblet cell depletion, hemorrhage, and mucosal infiltration of inflammatory cells. 
The changes were significantly reduced by intraperitoneal, intrarectal, or oral butyrate, with intraperitoneal butyrate 
exhibiting the highest potency. It is concluded that intraperitoneal administration of butyrate abrogates the lesions of 
AA-induced UC and its potency surpasses that of intrarectal or oral butyrate. 
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1  Introduction 
 

Ulcerative colitis (UC) is a form of inflamma-
tory bowel disease (IBD) whose exact etiology re-
mains enigmatic. Perturbations of the immune system 
along the gut are implicated in playing a central role. 
In its active form, UC is characterised by constant 
diarrhea mixed with blood of gradual onset and 
weight loss. Blood can also be seen on rectal exami-
nation and varying degrees of abdominal pain ranging 
from mild discomfort to painful bowel movements 
and/or abdominal cramping during bowel movements 
may accompany the disease (Torpy et al., 2012). 
Morphologically, UC is mainly characterized by open 
sores or ulcers in the colon, loss of epithelium and 

goblet cells, and infiltration of colonic mucosa by 
inflammatory cells (Malago and Nondoli, 2008). 

Although the exact cause of UC is unknown, it  
is suggested that over stimulation or inadequate reg-
ulation of the mucosal immune system is a major 
pathophysiologic cause of the disease. Continual 
activation of the immune system to produce pro- 
inflammatory chemokines like interleukin (IL)-8 and 
their subsequent attraction of inflammatory cells that 
infiltrate the colon mucosa are cascade events that 
cause the chronic inflammation and ulceration of the 
colonic epithelium (Malago and Nondoli, 2008; Ke et 
al., 2013; Liu et al., 2013). The production of these 
pro-inflammatory cytokines is mediated mainly by 
transcriptional activation of nuclear factor κB 
(NF-κB) and mitogen activated protein kinase (MAPK) 
pathways (Malago et al., 2002; Ke et al., 2013). Several 
therapeutic interventions such as butyrate enemas 
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modulate the activation of these pathways and suppress 
the production of pro-inflammatory cytokines to pro-
tect the colon against inflammatory injury (Venkatra-
man et al., 2003; Malago et al., 2005; Ke et al., 2013).  

Earlier studies that linked the development of 
UC and butyrate levels in the colon, observed that 
deficiency of butyrate leads to disease development 
and that restoration of butyrate levels by intracolonic 
infusion treats UC (Roediger, 1980). Since then, 
butyrate enemas have popularly been used as 
medicaments stemming from their potential to impart 
beneficial attributes to the colon. This potential in-
volves an increase in mechanical strength of injured 
colonic mucosa to hasten the healing process (Bloe-
men et al., 2010; Mathew et al., 2010), suppression of 
IL-8 production by intestinal epithelial cells to protect 
against the inflammatory process (Malago et al., 
2005), and clinical remission of UC by protecting 
against inflammatory and oxidative stress parameters 
of the disease (Hamer et al., 2010b). Much as butyrate 
tends to impart a protective effect, several authors 
have indicated failures or limited success of butyrate 
to relieve IBD patients (Harig et al., 1989; Sanderson, 
1997; Hamer et al., 2010b). One of the proposed 
reasons includes presence of IL-8 in the intestinal 
mucosa, which is either activated (Fusunyan et al., 
1998; 1999) or inhibited (Huang et al., 1997; Wu et 
al., 1999) by different doses of butyrate (Malago et al., 
2005). Thus high concentrations of butyrate correlate 
with elevated IL-8 levels in the intestinal mucosa of 
IBD patients (Dabard et al., 1987; Treem et al., 1994) 
whereas low levels diminish the disease activity 
(O'Morain et al., 1984). As the intestinal concentra-
tion of butyrate is mainly determined by diet and 
commensal microbial profile which varies among 
individuals, the effect of butyrate on chronic IBD 
remains controversial. 

To impart its attributes, butyrate needs to be 
absorbed by the colonocytes and undergo the subse-
quent metabolism. Butyrate absorption mainly occurs 
in the proximal colon whose function is impaired 
during UC due to damaged epithelial mucosa (Thi-
bault et al., 2010). As a result, there is impairment of 
butyrate metabolism even when the colon is saturated 
with butyrate (de Preter et al., 2011; 2012; Kovarik et 
al., 2011). Furthermore, addition of compounds in-
terfering with the β-oxidation pathway such as car-
nitine has no effect on butyrate metabolism in active 
UC (de Preter et al., 2011) and has little effect in 

mild-to-moderate UC following oral intake (Mikhai-
lova et al., 2011). These observations suggest that 
absorption of intrarectally administered butyrate can 
be impaired in active UC and may significantly lower 
the expected beneficial effects of butyrate. Instead, 
UC patients could most probably benefit more when 
butyrate reaches the colon through a systemic route. 
Unfortunately the effects of parenteral routes of high 
absorptive properties to the benefit of butyrate in UC 
have not been studied. In this study we explored the 
differences in the effect of oral, intraperitoneal, and 
intrarectal administration of butyrate on a rat model of 
acetic acid (AA)-induced UC. 

 
 

2  Materials and methods 

2.1  Animals 

The experiment used 40 male Wistar rats 
(Sokoine University of Agriculture, Morogoro, Tan-
zania) aged 26 weeks and weighing 110 to 130 g. The 
animals were kept in a restricted access room in 
which the temperature was controlled and a 12-h 
light/dark cycle was observed. They were randomly 
kept in 10 cages (serving as treatment groups) each 
containing 4 animals (Table 1). The animals were 
allowed 2 weeks to acclimatize in their groups prior to 
commencement of the experiment. They were fed 
standard laboratory diet and given drinking water ad 
libitum. The study was approved by the Animal Re-
search Committee of the Sokoine University of Ag-
riculture, Tanzania. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1  Animal groups and treatments 

Group Treatment 
Dose 

Days 1–7 Day 8 
1 SB SB: 2 ml, 100 mg/kg, OS NS: 2 ml, IR 
2 SB SB: 0.2 ml, 100 mg/kg, IP NS: 2 ml, IR 
3 SB SB: 0.2 ml, 100 mg/kg, IR NS: 2 ml, IR 
4 SB+AA SB: 2 ml, 100 mg/kg, OS AA: 2 ml, IR 
5 SB+AA SB: 0.2 ml, 100 mg/kg, IP AA: 2 ml, IR 
6 SB+AA SB: 0.2 ml, 100 mg/kg, IR AA: 2 ml, IR 
7 AA NS: 0.2 ml, IR AA: 2 ml, IR 
8 Control NS: 2 ml, OS NS: 2 ml, IR 
9 Control NS: 0.2 ml, IP NS: 2 ml, IR 
10 Control NS: 0.2 ml, IR NS: 2 ml, IR 

All animals were sacrificed on Day 10. SB: sodium butyrate;  
AA: acetic acid; NS: normal saline; OS: per oral; IP: intraperitoneal; 
IR: intrarectal 
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2.2  Administration of AA to induce UC 

In order to induce UC, we intrarectally admin-
istered 2 ml of 4% (v/v) AA (Rankem, New Delhi, 
India) using a soft, 1.5 mm diameter butterfly catheter 
(Neomedic Limited, 97 High Street, Rickmansworth, 
Hertfordshire, UK). The catheter was inserted into the 
anus as far as the proximal colon (about 8 cm long), 
and then AA was released slowly to ensure that it was 
in contact with the mucosa for sufficient time. After 
the chemical was administered, the catheter was 
withdrawn slowly to avoid any physical trauma to the 
intestinal mucosa. 

2.3  Effect of butyrate on AA colitis 

To explore the effect of butyrate on AA-induced 
UC, sodium butyrate (SB) (Merck Schuchardt OHG, 
Hohenbrunn, Germany) was given as indicated in 
Table 1. Briefly, SB was given at 100 mg/kg body 
weight orally, intraperitoneally, or intrarectally once a 
day for 7 consecutive days. On Day 8, rats received 
AA to develop UC for 48 h, during which clinical 
signs were observed. On Day 10 all animals were 
sacrificed humanely by chloroform. We provided 
either SB or physiological saline to matched control 
groups at a similar route, volume, dose, and time. 

2.4  Clinical evaluation of UC 

In order to clinically assess AA colitis activity, 
we examined the rats for stool consistency which 
included loose stool and diarrhea, occult and/or 
bleeding which included hemoccult positivity and 
gross bleeding, and body weight. We expressed the 
body weight as percentage weight change for each 
individual rat. It was calculated in comparison to that 
of Day 8 before administration of AA. From these 
data, a disease activity index was calculated as done 
previously (Malago and Nondoli, 2008) (Table 2).  

2.5  Evaluation of histological changes 

Midline laparotomy was done to open the sacri-
ficed rats. Accessed colon was longitudinally opened,  

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
fixed with 10% (0.1 g/ml) neutral buffered formalin, 
and embedded in paraffin. It was then sectioned at  
4 µm slices that were deparaffinised on microscopic 
glass slides before staining with hematoxylin and 
eosin (H&E). After mounting, the slides were ob-
served under a light microscope (Olympus BX41, 
Olympus, Japan). Two independent pathologists as-
sessed and quantitated in a blind manner the mucosal 
integrity for histological evaluation of tissue damage 
as done previously (Malago and Nondoli, 2008). The 
evaluation was done on distal colon using a 0–3 
scoring scale as shown in Table 3. 

2.6  Statistical analysis 

Numerical values were calculated and presented 
as mean±standard error of the mean (SEM). One-way 
analysis of variance (ANOVA) was used to assess 
statistical significance between the mean values of 
control and treated rats with comparison of means. 
Differences were considered significant at 95% con-
fidence interval using Student’s t-test. 

 
 

3  Results 

3.1  Clinical AA colitis and effect of butyrate 

Fig. 1 shows the clinical signs of AA colitis in 
rats with or without prior treatment with butyrate. As 
shown in this figure, AA induced hemoccult-positive  
 

 
 
 
 
 

 

Table 2  Scoring of AA-induced colitis activity index 

Score Weight 
loss (%) 

Stool  
consistency1 

Occult/gross  
bleeding 

0 None Normal Normal 
1 1–5   
2   5–10 Loose stool Hemoccult positive 
3 10–20   
4 >20% Diarrhea Gross bleeding 

The AA colitis activity index was obtained by combining the scores of 
weight loss (calculated to the day of, but before, AA administration), 
stool consistency, and bleeding divided by 3. 1 Normal stools: well 
formed pellets; Loose stools: pasty and semi-formed stools, which 
do not stick to the anus; Diarrhea: liquid stools that stick to the anus 

 

Table 3  Histological score of colitis 

Score Loss of epithelium (%) Crypt damage1 (%) Depletion of goblet cells Infiltration of inflammatory cells 
0 None None None None 
1 <5 (mild) <10 (mild) Mild Mild 
2    5–10 (moderate)    10–20 (moderate) Moderate Moderate 
3 >10 (severe)    >20 (severe) Severe Severe 

1 Crypt damage was evaluated as percentage loss of crypt  
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stool, diarrhea, and loose stool. The hemoccult- 
positive stool was the severest sign observed in one 
third (33%) of the animals. This was followed by 
diarrhea in 50% of AA colitis animals. The least se-
vere sign was loose stool encountered in 17% of these 
animals. None of the animals receiving AA had a 
normal stool. 

Butyrate effect on AA colitis was exhibited by 
improvement of colitis signs in a route-dependent 
manner. According to Fig. 1, all tested butyrate routes 
(oral, intraperitoneal, and intrarectal) ameliorated the 
hemoccult-positive stools in all animals. It is apparent 
from this figure that the potency of butyrate to  
suppress the severity of AA colitis was route- 
dependent. Oral butyrate was the least potent as it had 
a high number of animals (75%) with diarrhea and 
few (25%) with loose stools. This potency increased 
with intrarectal butyrate where diarrhea was reduced 
further by 50%, leading to 75% of animals showing 
loose stools and only 25% having diarrhea. The 
strongest butyrate effect was observed in animals 
receiving intraperitoneal butyrate. In this case, diar-
rhea had disappeared, 25% of animals showed loose 
stools, and the majority (75%) recovered from AA 
colitis signs as manifested by normal stools. Rats 
receiving butyrate alone or normal saline in any of the 
three routes did not show any of the clinical signs and 
had normal stools. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2  AA colitis activity index  

Fig. 2 indicates that AA induced a disease ac-
tivity index of about 3. This activity was reduced 
significantly by all routes of butyrate administration. 

Oral or intrarectal butyrate reduced the AA activity 
index about 2.5-fold whereas intraperitoneal butyrate 
reduced it 5-fold. Comparison among butyrate ad-
ministration routes indicated a significant difference 
between intraperitoneal butyrate and either oral or 
intrarectal butyrate on reducing the AA activity index. 
In that case, intraperitoneal butyrate reduced the dis-
ease activity by 2-fold more than either oral or in-
trarectal butyrate. No disease activity was observed in 
animals receiving butyrate or normal saline alone. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.3  Gross pathology 

Gross lesions of colon mucosa from rats treated 
with AA were edematous with hemorrhagic erosions 
scattered throughout the colon. In some animals, less 
severe lesions with edema of the colon, multiple 
mucosal erosions and marked congestion of mesen-
teric blood vessels were observed. The lesions were 
more severe in the distal colon than in the middle and 
proximal colons. Rats treated with butyrate orally or 
intrarectally prior to AA had less congestion of the 
colon without edema. Those given butyrate intraper-
itoneally had mild congestion and some appeared 
normal. The butyrate-treated and control rats had no 
gross pathological lesions (data not shown). 

3.4  Histopathological findings 

The observed histopathological lesions due to 
AA following or without prior treatment with SB are 
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Fig. 1  Effect of sodium butyrate on clinical indices of 
colitis 
Rats were treated intrarectally with 4% acetic acid alone (A) 
or after 7 consecutive days of treatment with 100 mg/kg 
sodium butyrate orally (ABO), intrarectally (ABR), or intra-
peritoneally (ABP). Values for control rats receiving butyr-
ate alone (B) or physiological saline (S) are also indicated. 
Results are expressed as the percentage of animals. Eight 
animals were used for each experimental group 
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Fig. 2  Effect of sodium butyrate administration on acetic 
acid (AA) colitis disease activity index 
Rats were treated intrarectally with 4% acetic acid alone (A) or 
after 7 consecutive days of treatment with 100 mg/kg sodium 
butyrate orally (ABO), intrarectally (ABR) or intraperitoneally 
(ABP). Values for control rats receiving butyrate alone (B) or 
physiological saline (S) are also indicated. Disease activity 
index is obtained by combining scores of weight loss, stool 
consistency, and bleeding divided by 3. Results are expressed as 
mean±SEM (n=8). * Significantly different from AA colitis 
group at P<0.05. # Significantly different from another route of 
butyrate administration at P<0.05 
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shown in Fig. 3. According to Fig. 3a, the histological 
changes due to AA were vivid. They included massive 
haemorrhage, complete absence of epithelial lining 
on the mucosal surface, severely damaged villi and 
crypts with subsequent loss of their architecture ex-
cept in a few crypts, depletion of goblet cells, and 
severe infiltration of inflammatory cells. Compared 
with rats receiving butyrate prior to AA (Figs. 3b–3e), 
these rats were the most severely affected.  

Figs. 3b–3e show the effect of prior treatment of 
rats with butyrate on AA-induced UC. Rats receiving 
butyrate intrarectally had a considerably distorted but 
intact epithelial lining on the mucosal surface un-
derneath which there was haemorrhage that occupied 
mainly the intervillous and intercryptal spaces. The 
villi were moderately damaged, their architecture 
could be traced with difficulty in some areas, and 
most of their goblet cells were lost. There was mild 
damage to the crypts and retention of most of their 
goblet cells. In addition, there was a vivid infiltration 
of inflammatory cells in the mucosa. There was little 
difference between these animals and those exposed 
to AA after oral butyrate. In the latter, villous damage 
was mild, the architecture of most villi was easily 
traceable and the loss of goblet cells was mild. Alt-
hough the histology of the colon remained distorted in 
both treatments, when compared to sections of rats 
exposed to AA alone (Fig. 3a), it is obvious that in-
trarectal (Fig. 3d) or oral (Fig. 3b) butyrate signifi-
cantly benefited rats against the AA-induced epithe-
lial damage.  

Rats receiving butyrate intraperitoneally prior to 
AA were least severely affected when compared to 
those given intrarectally or orally. Their colon his-
tology looked almost normal with quite a good epi-
thelial lining, intact villi and crypts, undamaged 
goblet cells, mild haemorrhage, and little mucosa 
infiltration by inflammatory cells (Fig. 3c). Indeed, 
these rats had highly improved from the UC lesions 
when compared to those not receiving butyrate (Fig. 3a). 

The histological results of rats exposed to bu-
tyrate alone are shown in Fig. 3f. According to this 
figure, the epithelial lining is intact, the crypts are not 
damaged, goblet cell depletion is lacking or very low, 
and there is very mild inflammatory cells infiltrating 
the mucosa. These results are more or less the same as 
those from the normal control animals receiving 
normal saline (data not shown). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.5  Scores of histopathological lesions 

Fig. 4 presents scores of histopathological lesions. 
It is clear that exposure to AA led to a severe (score 3) 
loss of epithelium (Fig. 4a), crypt damage (Fig. 4b), 
depletion of goblet cells (Fig. 4c), and infiltration of 
inflammatory cells (Fig. 4d). Pre-treatment with bu-
tyrate significantly reduced the severity of these 
changes. The reduction of epithelial loss was to about 
half following oral or intrarectal butyrate and to al-
most complete abrogation when butyrate was given 
intraperitoneally (Fig. 4a). Crypt damage was reduced 
by one third (score 2, moderate damage), two thirds 
(score 1, mild damage), or complete abrogation (score 

(a) (b) 

(c) (d) 

(e) (f) 

Fig. 3  Histological sections of rat colon 
Rats were treated intrarectally with 4% acetic acid alone (a), 
or following 100 mg/kg sodium butyrate orally (b), intra-
peritoneally (c), or intrarectally (d and e). (a) Massive hem-
orrhage, loss of epithelial lining, loss of crypt and villi, and 
massive infiltration of inflammatory cells due to acetic acid; 
(b) Considerable intact epithelium under which there is 
moderate hemorrhage between crypts and villi, loss of some 
goblet cells, and moderate infiltration of inflammatory cells 
in the submucosa; (c) A more intact epithelium, mild hem-
orrhage, and mild infiltration of inflammatory cells; (d) A 
considerable intact epithelium with severe hemorrhage un-
derneath and destroyed villi and some crypts, and severe loss 
of goblet cells in villi, severe cellular infiltration in the 
submucosa; (e) Intercryptal hemorrhage and retention of 
crypt architecture; (f) The photomicrographs also include 
those of control rats treated with sodium butyrate alone with 
no significant changes. Each photo represents 8 animals  
(4 animals per treatment in duplicate experiments). Hema-
toxylin and eosin, original magnification ×200 
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0, no damage) when butyrate was given intrarectally, 
orally, or intraperitoneally, respectively (Fig. 4b). The 
preventive effect of butyrate on goblet cell depletion 
varied from about 1-fold (moderate depletion) with 
intrarectal administration through 2-fold (moderate 
depletion) with oral butyrate to 6-fold (mild depletion) 
after intraperitoneal butyrate (Fig. 4c). Fig. 4d indi-
cates that butyrate reduced the severe infiltration of 
inflammatory cells to moderate (score 2) when given 
orally or intrarectally and to mild (score 1) by intra-
peritoneal butyrate.  

Fig. 4 further indicates that the effects of intra-
peritoneal butyrate in preventing epithelial loss 
(Fig. 4a), crypt damage (Fig. 4b), depletion of goblet 
cells (Fig. 4c), and infiltration of inflammatory cells 
(Fig. 4d) were significantly different from those of 
oral or intrarectal administration of butyrate. When 
the effects of oral and intrarectal butyrate were 
compared, oral administration of butyrate tended to 
have a higher suppressive effect to these lesions, 
which was significant only for crypt damage (Fig. 4b). 
Butyrate alone did not cause any significant changes 
in the epithelium, crypt, goblet cells or infiltration of 
inflammatory cells into the colon mucosa.  

 
 

4  Discussion 
 
Our results on the AA-induced UC rat model 

have harmonized with those of other researchers. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Previous studies have shown that intrarectal admin-
istration of AA to create a rat model of UC results in 
inflammation and ulceration in the lining of the colon. 
This can be seen histologically as distortion of crypt 
architecture, loss of epithelial cells, ulceration, 
haemorrhage, and neutrophil infiltration (Sotnikova 
et al., 2013; Minaiyan et al., 2014). In such a condi-
tion, the colon cannot absorb liquid from the stools, 
resulting in a larger volume of watery stools and 
subsequent weight loss (Zhao et al., 2014). The 
hemorrhagic and ulcerative colon mucosa may also 
bleed to produce bloody faeces (Sotnikova et al., 
2013). The rat model of AA was thoroughly studied 
and established to correlate with human UC by sev-
eral scientists including Fabia et al. (1992) who ex-
plored the effect of 4%, 6%, and 8% AA to the rat 
colon. They found that exposure of the colon to 4% 
AA for 15 s produced a uniform colitis in all treated 
rats with morphological similarities to human UC. 
Subsequent studies have reproduced this model with 
close resemblance to human UC in terms of patho-
genesis, histopathological features and inflammatory 
mediator profile. Consistent noteworthy features of 
human colitis observed in these models include mu-
cosal hemorrhage, loss of epithelial cells and ulcera-
tion, damage of crypts and distortion of crypt archi-
tecture, depletion of goblet cells, infiltration of in-
flammatory cells, particularly neutrophils in lamina 
propria, necrosis of mucosal and submucosal layers, 
vascular dilation, and edematous submucosa (La et al., 

Fig. 4  Histological scores of loss of epithelium (a), crypt damage (b), depletion of goblet cells (c), and infiltration of  
inflammatory cells (d) 
Rats were treated intrarectally with 4% acetic acid (AA) alone (A) or after 7 consecutive days of treatment with 100 mg/kg 
sodium butyrate orally (ABO), intrarectally (ABR), or intraperitoneally (ABP). Results are expressed as mean±SEM of at least 
8 individual rats. * Significantly different from AA exposed rats (P<0.05); # Significantly different from another routes of 
butyrate administration at P<0.05; Φ Significantly different between oral and intrarectal butyrate at P<0.05 
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2003; Cetinkaya et al., 2005; Randhawa et al., 2014). 
Indeed, the morphological changes observed in our 
study were consistent with previous findings in rat 
models of colitis, which correlate well with human UC. 

Topical administration of butyrate to cure colitis 
has been fairly well demonstrated (Scheppach et al., 
1992; Hamer et al., 2010a; 2010b). This is done 
mainly through intrarectal administration of enemas 
that contain butyrate. The procedure is one of the 
earliest approaches to treat UC even in patients who 
had been unresponsive to or intolerant of standard 
therapy (Scheppach et al., 1992). The intrarectally 
administered butyrate needs to be absorbed before it 
works. Normally butyrate absorption mainly occurs 
in proximal colon whose function is impaired during 
UC. This hinders absorption of topically administered 
butyrate and may not benefit UC patients. However, 
butyrate absorption in the colon can be increased by 
manipulating electrolyte composition in the rectal 
lumen (Holtug et al., 1995) since rectal butyrate ab-
sorption remains normal during UC (Hove et al., 
1995). Thus, topical butyrate, given intrarectally in 
form of SB, plays a double role; firstly by employing 
sodium ions, it accelerates rectal absorption of SB and 
secondly, the absorbed butyrate imparts healing to the 
colonocytes. The end result is epithelial proliferation 
to restore the damaged epithelium, especially the lost 
colonic epithelial continuity. 

Contrary to the obviously evident successful use 
of topically administered butyrate enemas against UC, 
studies using the oral route are rare in literature (Vieira 
et al., 2012) and those for intraperitoneal route are not 
found. Oral administration of butyrate has been 
shown to significantly improve trophism and reduce 
leukocyte infiltration in the colon mucosa and revert 
to normal the UC-associated alterations of trans-
forming growth factor-β (TGF-β), IL-10, T lympho-
cytes and dendritic cells (Vieira et al., 2012). In doing 
so, oral butyrate attenuates the inflammatory profile 
of colonic mucosa. The effect of oral butyrate on UC 
has further been studied in combination with standard 
drugs. A randomized, double-blind, placebo-controlled 
study by Vernia et al. (2000) demonstrated that a 
combined oral SB and mesalazine treatment results in a 
more favourable UC trend compared to oral mesala-
zine alone. The trend includes decreased disease ac-
tivity index as well as endoscopic and histologic scores. 
Apart from oral intake of butyrate, other studies have 

demonstrated that oral administration of dietary fibers 
that are subsequently fermented in the colon to pro-
duce butyrate is as effective as standard therapeutic 
drugs like mesalamine in maintaining remission of 
UC (Fernández-Bañares et al., 1999). In addition, 
several recent studies focusing on the role of orally 
given butyrate producing bacteria like Butyricicoccus 
spp. or Clostridium tyrobutyricum, have revealed that 
the bacteria increase the butyrate levels in the colon 
and subsequently cure UC (Hudcovic et al., 2012; 
Eeckhaut et al., 2013). All these facts and our own 
results in this study consistently indicate that orally 
given butyrate could be a potential route to treat UC.  

We have demonstrated the potential of intraper-
itoneally administered butyrate to prevent the severity 
of AA-induced UC lesions. To the best of our 
knowledge, this finding has not been reported before. 
However, the systemic effect of butyrate to other 
body systems and organs has been reported. For in-
stance, intraperitoneal injection of butyrate at 50– 
200 mg/kg body weight decreases gentamicin- 
induced nephrotoxicity in rats by enhancing renal 
antioxidant enzyme activity and expression of pro-
hibitin protein (Sun et al., 2013). When given at  
1200 mg/kg, intraperitoneal butyrate ameliorates an 
aging-associated deficit in object recognition memory 
in rats (Reolon et al., 2011). Silingardi et al. (2010) 
further demonstrated that chronic intraperitoneal 
administration of butyrate to long-term monocularly 
deprived adult rats causes a complete recovery of 
visual acuity. A more recent study has also reported 
that intraperitoneal injections of butyrate for 28 d  
to adult C57BL/6 mice prevent repressed contextual 
fear memory caused by isoflurane (Zhong et al., 
2014). All these facts and our own study affirm that 
butyrate has a potential to impart protective roles to 
various body organs and systems through systemic 
administration.  

We have also assessed the AA-induced UC le-
sions in two other different orders; firstly, AA was 
given every 24 h for 2 d followed by SB for 4 con-
secutive days and secondly, alternating AA and SB 
each given every fortnight for 6 d. Our results (data 
not shown) indicate that butyrate given after AA has 
less protective potency than when given prior to AA 
and that butyrate does not benefit rats when alternated 
with AA. Thus in this very study, we extend further 
the protective potency of systemic butyrate to include 
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UC. We chose a 100 mg/kg dose on the grounds that 
previous studies using 50, 100, and 200 mg/kg in rats 
(Sun et al., 2013) and 100 to 10 000 mg/kg in mice 
(Ferrante et al., 2003) did not have any detrimental 
effect. The used dose may also have no effect in hu-
mans since intravenous SB dose of 500 mg/(kg·d) for 
10 consecutive days has shown no toxicity in these 
subjects (Miller et al., 1987). Nonetheless, estab-
lishment of the exact amount of butyrate for intraper-
itoneal administration against human UC needs to be 
researched. 

Although there is no single study that has estab-
lished the amount of SB reaching the colonocytes 
following intraperitoneal administration, it is known 
from human studies that the normal colon butyrate 
levels of (5.0±4.2) to (14.7±2.9) mmol/kg chyme 
correspond to 29 µmol/L of portal blood (Cummings 
et al., 1987). Furthermore, in vitro studies have indi-
cated that butyrate consumption by colonocytes is 1.5 
and 0.5 mmol/L after 4 and 12 h of treatment, re-
spectively, even if the high dose of 50 mmol/L is 
supplied (Sauer et al., 2007). The 545 mmol/L solu-
tion (calculated from 100 mg/kg dose, 120 g average 
body weight, 0.2 ml SB (110.09 g/mol) per animal) 
used in our study was far higher than the blood  
butyrate levels of 29 µmol/L. We assumed that our 
100 mg/kg dose will supply enough butyrate to reach 
the colonocytes at adequate physiological levels de-
spite the fact that butyrate is rapidly used after its 
absorption in blood. Since diffusion of intraperitone-
ally injected substances between the fluid in the per-
itoneal cavity and the blood is limited after reaching 
equilibrium and the rate of absorption depends on 
diffusion rate of the substance (Clark, 1921), we 
suggest that the used SB dose was enough to provide 
colonocytes a physiological concentration of butyrate 
for adequate time to impart its effect. 

During UC, the inflamed intestinal mucosa im-
pairs butyrate metabolism and predisposes colono-
cytes to intracellular butyrate deficiency. The im-
paired butyrate metabolism could be due to luminal 
compounds interfering with butyrate metabolism, 
changes in luminal butyrate concentrations or pH, and 
defects in β-oxidation or butyrate transport (Thibault 
et al., 2010). Butyrate deficiency develops from de-
creased uptake of butyrate by the inflamed mucosa 
through down-regulation of the monocarboxylate 
transporter 1 (Thibault et al., 2007). The intracellular 

butyrate deficiency in colonocytes may decrease its 
protective effects against UC. Under such conditions, 
intraperitoneal butyrate that reaches the colonocytes 
from blood at the basolateral side could be more po-
tent in curing UC. This could in part explain our 
findings that intraperitoneal butyrate was the most 
potent route in reducing the severity of AA colitis.  

The benefits of systemic administration of bu-
tyrate could stem from the ability of butyrate to sup-
press adverse systemic changes occurring during UC 
that are pivotal to development of the disease. These 
systemic effects occur even in topically induced coli-
tis models. Recently, Hou et al. (2014) demonstrated 
that intrarectal AA increases blood lymphocyte 
counts, creatinine, prostaglandin E2, and malondial-
dehyde concentrations, and diamine oxidase and in-
ducible nitric oxide synthase (iNOS) activities, and 
decreases insulin concentrations and glutathione pe-
roxidase activity in a porcine model of colitis. These 
effects were attenuated by oral administration of 
tributyrin, a good dietary source of butyrate and led to 
protection against AA colitis. These observations 
clearly indicate that UC patients could benefit from 
approaches that abrogate systemic events pivotal to 
the development of the disease. There is another ad-
vantage in employing systemic administration of bu-
tyrate. Patients with IBD have increased production 
of inflammatory cytokines like IL-12/23p40 and  
tumour necrosis factor-α (TNF-α) from peripheral 
blood mononuclear cells. To inhibit the release of 
these cytokines, higher concentrations of topical bu-
tyrate are needed in these patients than in healthy 
subjects. This is because of impaired sensitivity to the 
inhibitory action of butyrate in IBD (Kovarik et al., 
2011). This insensitivity could be overcome by sys-
temic butyrate. It can be suggested from our findings 
that the potency of oral and intraperitoneal butyrate 
could be due to the ability of butyrate to prevent the 
systemic adverse effects of intrarectal AA. The ob-
served differences in the potency between intraperi-
toneal and oral butyrate could be due to the variations 
in uptake and the rate of absorption between the two 
routes. 

AA induces UC through induction of oxidative 
and inflammatory responses. Oxidative responses 
include production of oxidative enzymes like super-
oxide dismutase and glutathione whereas inflam-
matory responses are manifested by production of  
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inflammatory mediators like TNF-α, IL-1β, IL-6, 
IL-8, iNOS, cyclo-oxygenase-2, myeloperoxidase, and 
lactate dehydrogenase (Sakthivel and Chandrasekaran, 
2014; Vinod and Guruvayoorappan, 2014). Most 
agents that have shown potency in reducing the AA 
colitis lesions and signs have antioxidant and/or anti- 
inflammatory effects (Sotnikova et al., 2013; Minai-
yan et al., 2014; Sakthivel and Chandrasekaran, 2014; 
Vinod and Guruvayoorappan, 2014; Zhao et al., 
2014). The suppressive effect of butyrate on AA in-
duced UC clinical signs and lesions observed in our 
study could be mediated via the butyrate’s anti- 
inflammatory and antioxidant effects. We have 
demonstrated previously that butyrate modulates  
IL-8 production to prevent inflammatory responses 
(Malago et al., 2005). Several other researchers have 
also reported the anti-inflammatory role of butyrate in 
UC. Zimmerman et al. (2012) observed that butyrate 
inhibits interferon-γ (IFN-γ) activation resulting in 
inhibition of iNOS up-regulation in colonocytes to 
suppress colonic inflammation. Butyrate has also 
been shown to modulate the function of intestinal 
macrophages, which are the most abundant immune 
cell type in the lamina propria. Treatment of these 
macrophages with butyrate leads to down-regulation 
of proinflammatory mediators, including nitric oxide, 
IL-6, and IL-12 (Chang et al., 2014). The anti- 
oxidative role of butyrate is exemplified by its ability 
to reduce the activity of pro-oxidative malondialde-
hyde and increase activities of antioxidant glutathione 
peroxidase, superoxide dismutase, and catalase in the 
colonic mucosa. It does this partly by up-regulating 
the gene expressions of glutathione peroxidase and 
catalase. In addition, butyrate promotes antioxidative 
status in the blood by elevating the α-tocopherol level 
(Wu and Chen, 2011). 

 
 

5  Conclusions 
 
The results presented here provide knowledge on 

the potential of systemic butyrate to prevent UC le-
sions. This potential is higher than that of the popu-
larly used topical butyrate and could be mediated via 
the ability of butyrate to suppress the inflammatory 
and oxidative systemic effects that are central to the 
development of UC. Considering this potential and 
the challenges in treating UC, further research is 

needed to explore the exact mechanisms of systemic 
butyrate and whether this approach would benefit UC 
patients equally or more than the topically adminis-
tered butyrate. Findings from such research could 
provide a milestone towards treating UC. 
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中文概要 
 
题 目：腹腔注射丁酸盐对大鼠乙酸性结肠炎的预防作用 

目 的：探索腹腔注射丁酸盐对防止乙酸性结肠炎的疗效。 

创新点：首次对大鼠进行腹腔注射丁酸盐，通过与直肠灌

注和口服比较，探索三种不同给药方式对预防乙

酸性结肠炎的疗效差异。 

方 法：以 40 只 Wistar 大鼠为实验对象，分组进行连续 7
天的腹腔注射、直肠灌注和口服 100 mg/kg 丁酸

钠（SB），第 8 天进行乙酸（AA）直肠灌注，

48 小时后处死。记录实验大鼠的临床症状，包括

体重减少、腹泻、便血等。对结肠切片进行组织

病理学观察，最后对试验数据进行统计分析。 

结 论：腹腔注射、直肠灌注和口服丁酸盐均能明显缓解

大鼠乙酸性结肠炎的炎症，其中以腹腔注射疗效

最佳。 

关键词：丁酸盐；口服；腹腔注射；直肠灌注；乙酸；溃

疡性结肠炎 
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