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Abstract: A total of 96 pigs weaned at day 21 (Duroc x Landrace x Yorkshire) with an average initial body weight
of 6.42 kg were used to investigate the effects of sodium butyrate on growth performance, intestinal
morphology and DNA-binding activity of Nuclear Factor-xB (NF-xB) m the small mtestine. The pigs were
allocated to three dietary treatments in a randomized complete block design. Each treatment was replicated four
times with eight pigs per replicate and the trial lasted for 21 days. The dietary treatments were: basal diet, basal
diet+500 mg kg™' sodium butyrate basal diet+1000 mg kg™ sodium butyrate. The results showed that
supplementation with 1000 mg kg™ sodium butyrate in diets improved (p<0.05) growth performance, ncreased
(p=<0.05) villous height and the villus height to crypt depth ratio at the small mtestinal mucosa, reduced (p<0.05)
the total viable counts of proximal colon Clostridium and Escherichia coli, decreased (p<<0.05) Tumor Necrosis
Factor-a (TNF-2), Interleukin-6 (I1.-6) level in the serum and DNA-binding activity of the intestinal NF-kB
(p<0.05) as compared with control or 500 mg kg™ sodium butyrate. Supplementaticn with 500 mg kg™ sodium
butyrate in diets increased (p<0.05) villus height and the villus height to crypt depth ratio at the jejunum,
decreased (p<0.05) TNF-¢¢ and IL.-6 level in the serum as compared with control. The results indicated that
sodium butyrate is effective on improving growth performance and enhancing the intestinal morphology of
weanling pigs, this effect might be through the pathway of decreasing the TNF-¢, IL-6 level m serum and
mhibition of DNA-binding activity of the ntestinal NF-xB.
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INTRODUCTION energy substrate for the mtestinal cells metabolism

(Tozefiak et al, 2004), inhibit mucosal apoptosis

Short-Chain Fatty Acids (SCFAs) which produced m
the hindgut of mammals by microbial fermentation, play
great importance in the gastrointestinal tract of pigs
(Malbert et al., 1994). Weaning had a significant effect on
SCFAs production and this effect may impact upon
microflora population, feed intake and ultimately on the
health of the young pigs (Mathew et al., 1996). Changes
mn  itestine morphology and function of piglets
throughout weaning have received great attention.
Today, organic acids have received much attention and
considerable research confirms positive effects on growth
performance i all classes of pigs (Witte ef af., 2000).
Several studies have proved that supplementation of
butyrate in diets has beneficial effects on the digstive
tract health of weanling pigs (Piva and Morlacchini,
2002; Kotunia ef al., 2004, Wang et al., 2005; Lu et al,,
2008). Butyrate has been shown to provide an important

(Mentschel and Claus, 2003), induce absorption of water
and sodium and proliferation of intestinal cells
(Kripke et af., 1989, Friedel and Levine, 1992), stunulate
intestinal blood flow (Binder and Mehta, 1989) and the
synthesis of gastromtestinal hormones (Mortensen ef al.,
1990).

But the mechanisms of the effects of sodium butyrate
1n weanling pigs are not completely understood. It would
be of mterest to investigate the effecs of the addition of
butyrate directly to diets on modifying the morphology
and function of the intestine in weanling pigs.

Nuclear Factor-kB (NF-xB), a transcription factor
crucial to the regulation of the inflammation response,
plays a key role m the intestinal mjury and mnflammation
by regulating the transcription of pro-inflammatory
cytokines (De Plaen et al, 1998). One study found that
butyrate inhibited the activity of NF-kB in human colonic

Corresponding Author: Jian-JTun Lu, Feed Science Institute, College of Animal Science, Zhejiang University, 866 Yuhangtang Road,

310058 Hangzhou, P.R. China



J. Anim. Vet. Adv., 11 (6): 814-821, 2012

epithelial cell (Tnan e# ., 2000). Tt was wondered whether
or not that the intestinal butyrate would exert a
modulatory effect on the small mtestine mucosa through
the NF-xB pathway in weanling pigs. Detailed nformation
of butyrate may provide valuable information relevant to
the maintenance of digestive tract health in the young
pigs. In the present study, researchers examined the
effects of sodum butyrate on growth performance,
mntestinal morphology and NF-kB DNA-binding activity
of the small intestine in weanling pigs.

MATERIALS AND METHODS

Sodium butyrate (99.9%) was obtained from the
Huadong Medicine Company (Zhejiang province, China)
whose molecular formula 1s C,H,O,Na. Gel Shift Assay
System kits and NF-kB oligonucleotides were purchased
from Promega, Madison, WI, TJSA. Poly dI-dC was
obtained from Pharmacia Biotech, Piscataway, NT, USA.
[y-"P1ATP (3000 Cimmoel ™', 10mCimL ™) was purchased
from Amersham, Arlington Heights, I, USA.

Experimental design and sampling procedure: All
procedures were approved by the University of Zhejiang
Institutional Animal Care and Use Committee. A total of
96 pigs (Duroc x Lendrace x Yorkshire) weaned at day 21st
with an average mitial body weight of 6.42 kg were
allocated to three dietary treatments in a randomized
complete block design, each treatment was replicated four
times with eight pigs per replicate and the trial lasted for
21 days. The dietary treatments were:

Basal diet
Basal diet+500 mg kg™ sodium butyrate
Basal diet+1000 mg kg~ sodium butyrate

Diets were formulated according to the requirements
suggested by the NRC for 5-10 kg pigs. All diets were fed
as mash and no antibiotics were included (Table 1). All
plgs were given ad libitum access to feed and water. Feed
intake was recorded per pen. At the start and end of the
feeding trial, the pigs were weighed individually and
growth performance results as Average Daily Gain (ADG),
Average Daily Feed Intake (ADFI), average Gain/Feed
(G/F) were calculated for all pigs. At the end of the
feeding trial, eight pigs from each treatment (2 pigs per
pen), selected randomly based on similar body weight
were slaughtered under general anaesthesia and then
immediately eviscerated Blood samples were centrifuged
at 3,000 g for 10 min and serum was separated and packed
i eppendorf tubes and kept at -70°C until analysis.
Samples of the contents from the small intestine (from the
distal end of the duodenum to the ileo-caecal junction)
and proximal colon were collected into glass containers
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Table 1: Ingredient and chernical composition of the basal diet on an as-fed

basis
Ttems Percenatge
Ingredient
Maize 54.27
Soyabean meal (45% CP) 19.00
Soyabean oil 1.60
Extruded full-fat soyabean 12.00
Fish meal (63% CP) 4.00
Dried whey 4.00
Dicalcium phosphate 2.00
Limestone 1.00
Sodium chloride 0.25
L-lysine HC1 (78%) 0.28
Methionine (98.5%) 0.60
Vitamin-mineral premix 1.00
Analysed chemical composition as feed
DE (MTkg™?) 14.40
Crude protein 20.39
Lysine 1.30
Met+Cyst. 0.82
Threonine 0.90
Calcium 0.90
Total phosphorus 0.63

'The vitamin-mineral premix provided, per kg feed, TU: Vit. A 4000, Vit.
D; 800, Vit. E 10; mg: Vit. K50.5, biotin 0.05, folic acid 0.3, niacin 10,
d-pantothenic acid 10, riboflavin 3.6, thiamine 1.0, pyridoxine 1.5,
cobalamin 15, Mn (MnSO,H;0) 10, Zn (ZnSO -7H O) .80, Fe
(FeSO, THLO) 80, Cu (CuS0 5H0) 15.0, T (KI) 0.14 and Se (NaSeOy)
0.15; “DE (Digestible Energy) was based on calculated values

under CO,, sealed and put on ice until they were
transported to the lab for enumeration of microbial
populations. Small intestine removed and washed with
ice-cold saline. The specimens from the middle part of
duodenum, jejunum and ileum segment were excised,
flushed with physiological saline and fixed m 10%
formalin. Approximately, 20 cm of ileum was 1solated and
the Peyer’s patches were dissected and removed. Tleum
was chosen because a study indicated that NI-kB
DNA-binding activity is much higher in the ileum than in
the jejunum (De Plaen et al., 1998). The tissue samples
were then weighted and nuclear extracts were prepared.

Intestinal microbial populations: About 10 g of mixed
contents were blended under CO, in 90 mI of Anaerobic
Dilution Selution (ADS). Further, serial dilutions were
made 1n ADS for anaerobic bacterial enumeration. The
initial dilution in ADS was also used as a source for serial
dilutions in phosphate buffer selution for enumeration of
aerobic bacterial populations. Triplicate plates were then
mnoculated with 0.1 mL samples and incubated at 37°C
appropriate. Three
dilutions were plated for each medium. Bacteria were

aerobically or anaerobically as

enumerated on Wilkins chalgren agar (Oxoid, total
anaerobes), brain heart infusion agar (Oxoid; total
aerobes), MRS agar (Oxoid; Lactobacillus), remforced
clostridial agar plus supplements (Munoa and Pares,
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1988, Bifidobacterium), sulphite-polymyxin milk agar
(Mevissen-Verhage er af, 1987, Clostridium) and
MacConkey’s No. 2 (Oxoid; E. coli). Single colonies were
removed from selective media plates and grown in
Peptone Yeast Glucose (PYQG) broth. Subsequently, the
bacteria were characterized to genus level on the basis of
colonal appearance, gram reaction, spore production, cell
morphology and fermentation end-product formation
(Holdeman et al., 1977).

Histomorphometry: Three cross-sections for each
intestinal sample were prepared after staining with
hematoxylin and eosin using standard paraffin embedding
procedures (Xu ef al., 2003). A total of 10 intact, well-
oriented crypt-villus units were selected in triplicate for
each intestinal cross-section (30 measurements for each
sample, total of 240 measurements per dietary treatment).
Villus height and crypt depth were determined using
umage processing and analysis system (Version 1, Leica
Tmaging Systems Ltd., Cambridge, England).

Measurement of Tumor Necrosis Factor-g (TNF-¢) and
Interleukin-6 (IL-6) level in the serum: Levels of TNF-¢
and TL-6 in serum were measured separately using
Quantikine ELISA kits (R and D Systems, Minneapolis,
MN. 21 pg mL™" detection limit for I.-6 and 5 pg mI.~" for
TNF-a, respectively) according to the manufacturer’s
instructions. The reaction was terminated with a stop
buffer and absorbance read at 450 nm using an MRX
Revelation (Dynex Technologies, Chantilly, VA) multiwell
plate reader. Experiments were carried out in triplicate and
results are shown as pg mL ™"

Preparation of nuclear extracts: Approximately 500mg of
frozen ileum tissue were ground into powder with a mortar
in liquid nitrogen (Deryckere and Gannon, 1994). The
powder was then briefly homogenized in 5 mL of cushion
buffer (0.6% Nonidet p-40, 150 mM NaCl, 10 mM HEPES,
pH 7.9, 1 mM EDTA, 0.5 mM Phenymethylsulfonyl
Fluoride (PMSF) and centrifuged for 1 min at 2,000 g to
remove any large debris. The supernatant was placed on
1ce for 5 mm. Nuclei were obtamned by centrifugation at
5000xg for 5 min and lysed in 0.5 mL of buffer containing
25% glycerol, 20 mM HEPES, pH 7.9, 420 mM NaCl,
1.2 mM MgCl, 0.2 mM EDTA, 0.5 mM Dithiotheitol
(DTT), 0.5 mM PMSF, 2 mM benzamidine and 5 pg mL ™"
each of pepstatin, leupeptin and aprotinin. After
centrifugation at 10,000 g, the supernatant (nuclear
extract) was stored at -70°C. Protein concentration was
determined by Bradford method (Bio-Rad).
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Determination of NF-xB DNA-binding activity by
Electrophoretic Mobility Shift Assay (EMSA): The
oligonucleotide containing the NF-xB specific binding
sites  (5-TAGTTGAGGGGACTTTCCCAG-3';,  3'-
ACTCCCCTGAAAGGGTCCGTT-5") was labeled by [y-"P]
ATP (3000 and 10mCi mL™") with T4 polynucleotide
kinase. Equal amounts of nuclear extracts (10 ng/10 pL)
were mcubated with 5 uL of gel shift binding buffer (40%
glycerol, 10 mM Tris-HC1, pH 7.5, 50 mM NaCl, 0.5 mM
EDTA, 1 mM MgCl, 0.5 mM DTT, 0.0 mg mL™
Poly dI-dC) for 15 min at reom temperature. DNA nuclear
protemn binding reaction was wmtiated by adding 1 pL of
*P-labelled oligonucleotide probe and the mixture was
incubated at room temperature for 20 min  The
sample was mixed with 1.5 uL of loading buffer and
analyzed by electrophoresis m 6% polyacrylamide gel
(Kravchenko et al., 1995). Following the binding reaction,
free DNA and DNA-protein complexes were separated
under nondenaturing conditions for 2 h at 300 V in
0.25«<TBE (22.25 mM Trnis, 22.25 mM boric acid, 0.5 mM
EDTA, pHR). After electrophoresis, the gel was dried and
analyzed using a phosphorimaging system (Storm 860-
Imagequant, Molecular Dynamics, Sunnyvale, CA, USA).
Individual retarded band density values of NF-kB binding
complex was expressed as Relative Density Unit (RDUJ).
To confirm the specificity of NF-kB DNA-binding activity,
a competitive experiment tested by incubating samples
with 50 and 100 fold molar excess of the unlabeled
oligonucleotide probe.

Statistical analysis: All data were analyzed by analysis of
variances using the General Linear Model (GLM)
procedures of SAS (Version 6.12). Duncan’s multiple
range test was applied to treatment means which showed
a statistically significant variation in the samples.
Differences were considered significant at p<0.05.

RESULTS

The growth performance of weanling pigs 1s shown
in Table 2. Pigs fed with 1000 mg kg™ sodium butyrate
diets had higher (p<0.05) ADG, ADFT and feed conversion
than those fed with 500 mg kg~ sodium butyrate diets or
control. Supplementation with 500 mg kg™ sodium
butyrate had no significant (p=0.05) effect on growth
performance as compared with the control.

Intestinal microflora of weanling pigs 1s shown in
Table 3. Supplementation with 1000 mg kg™ sodium
butyrate reduced (p<0.05) the total viable counts of
Clostridium and E. celi n the small intestine and proximal
colon of weanling pigs as compared with the control. Pigs
fed with 1000 mg kg™ sodium butyrate had lower (p<0.05)
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Table 2: Effects of sodium butyrate on growth performance of weanling pigs

500 1000
Items Control _mgke 8B* mgkg™' SB SEM?
Tnitial weight (kg) 6.43 6.42 6.43 0.130
Final weight (ke) 12.200 12,55 13.85° 0.410
ADG (g) 275.00 292.000 353,000 14.000
ADFI (g) 400,00 421.00¢ 476.00¢ 19.000
Gain:feed 0.6 0.69 0.74 0.011

Means within a row with different letters (a-b) differ significantly (p<0.03)
when tested with Duncan’s new multiple-range test following analysis of
variance, 'Data are means of four replicate pens of eight pigs each; n =32 for
ADG, n = 4 for ADFI and F/G per treatment. The trial lasted 21 days;
28B: Sodium Butyrate; >Standard error of the mean

Table 3: Effect of dietary Sodium Butyrate (SB) on intestinal microflora of
weanling pigs" ?

500 1000

Site and microflora Control mg ke SB° mgkg! SB SEM*
Small intestine

Total aerobes 7.9 7.5 73 0.20
Total anaerobes 8.7 8.9 9.0 0.31
Rifidobacterium 7.3 7.3 74 0.23
Lactobacillus 8.1 8.2 85 0.29
Clostridium 6.2 5.5% 5.3° 0.30
Escherichia coli 7.2 6.5% 6.2 0.24
Proximal colon

Total aerobes 94 92 9.2 0.29
Total anaerobes 10.4 10.4 10.3 0.20
Bifidobacterium 7.8 8.1 8.0 0.21
Lactobacillus 8.8 9.1 93 0.28
Clostridium 7.5 7.1% 6.4° 0.25
Escherichia coli 8.3 8.2 7.3" 0.18

Means within a row with different letters (a, b) differ significantly (p</0.05);
'Bacterial numbers are expressed as logl0 colony-forming units per gram of
DM; *Data are the means of four replicates of two pigs per replicate; *SB:
Sodium Butyrate; “Standard error of the mean

Table 4: Effects of Sodium Butyrate (SB) on the morphology of the
intestinal mucosa in different sites of the small intestine of
weanling pigs'

500 1000

Items Control mgke™ SB* mgke™' SB  SEM
Villus height (pum)

Duodenum s1ep 531® 588 21.0
Jejunum 711® 802° 883 20.0
Tleum 493° 507 5670 20.0
Crypt depth (um)

Duodenum 345 330 326 17.0
Jejunum 421° 382 354° 18.0
Tleum 319 312 311 14.0
Villus height:Crypt depth

Duodenum 1.48 1.61% 1.80° 0.05
Jejunum 1.6 2,100 2.49° 0.09
Tleum 1.55 1.63 1.82° 0.06

Means within a row with different letters (a-c) differ significantly (p<0.05);
'Data are the means of four replicates of two pigs per replicate; ?SB: Sodium
Butyrate; *Standard error of the mean

viable counts of Clostridium and E. coli in colonic
contents than those fed with 500 mg kg™ sodium
butyrate. The total aerobes, total anaerobes,
Bifidobacterium and Lactobacillus n the small intestinal
and colonic contents of pigs were not affected by the
dietary treatments. Morphological measurement of the
small intestinal mucosa of weanling pigs 18 shown in
Table 4.
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Table 5: Effects of Sodium Butyrate (SB) on the level of TNF-x and T.-6
in serum, the DNA- binding activity of NF-xB in the ileum
mucosa of weanling pigs!

Items Control 500 mg ke™! 8B 1000 mg ko' SB  SEM®
TNF-¢ (pgmL™")  789.00¢ 433.00 181.0(¢ 35.00
1L-6 (pg mL™") 390.000 253.00° 101.00¢ 42.00
NF-B (RDU) 1.61* 1.28 0.43 0.32

Means within a row with different letters (a-c) differ significantly (p<0.05);
'Data are the means of four replicates of two pigs per replicate; 2SB: Sodium
Butyrate; *Standard error of the mean; “RDU: Relative Density Unit

Supplementation with 1000 mg kg~ sedium butyrate had
higher (p<0.05) villus height and the villus height to crypt
depth ratio at the small intestinal mucosa as compared
with the control and increased (p<<0.05) villus height at the
jejunum and the villus height to crypt depth ratio at the
jejunum and ileum as compared with 500 mg kg™
sodium butyrate. Supplementation with 500 mg kg™
sodium butyrate increased (p<<0.05) villus height and the
villus height to crypt depth ratio at the jejunum as
compared with the control. The results were consistent
with previous study reported by Galfi and Bokori (1990)
and Wang et al. (2005).

Level of TNF-¢ and IL-6 in the serum of
weanling pigs 1s shown in Table 5. Supplementation with
1000 mg kg™ sodium butyrate reduced (p<0.01) the level
of TNF-¢ and TL.-6 in serum of weanling pigs as compared
with the control or 500 mg kg™ sodium butyrate group.
Supplementation with 500 mg kg™ scdium butyrate
reduced (p<0.05) the level of TNF-¢ and IT.-6 in the serum
of weanling pigs as compared with the control.

The specificity of the NF-kB bmnding was
confirmed by a competitive experiment using unlabelled
oligonucleotide. The radio-labelled NF-kB-DNA-complex
formation was almost completely blocked by the addition
of unlabelled oligonucleotide. Supplementation with
1000 mg kg™ sodium butyrate decreased (p<0.05) the
DNA-binding activity of ileum NF-kB mn weanling pigs as
compared with control or 500 mg kg™ sodium butyrate.
Supplementation with 500 mg kg™ sodium butyrate had
no significant effects (p=0.05) on the DNA-binding
activity of ileum NF-kB as compared with control.

DISCUSSION

The current results proved the beneficial effects of
sodium butyrate supplementation in diets on growth
performance and gastrointestinal tract health in weanling
pigs which was consistent with the previous reports of
Galfi and Bokori (1990) and Piva and Morlacchini (2002).
The observation of decreased level of TNF-¢ and IL-6 in
the serum, low activity of intestinal NF-kB in pigs
supplemented with 1000 mg kg™ sodium butyrate,
indicated that sodium butyrate plays an important role in
keeping the completeness of struchure of intestinal
membrane in addition to serve as a major energy substrate
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in weanling pigs. Experiments have demonstrated that
butyrate plays an important role m the homeostasis of the
intestinal mucosa because it stimulates cell proliferation
(Scheppach, 1994), sodium absorption (Kripke et al., 1989,
Friedel and Levine, 1992) and an increase in mucosal
blood flow ((Binder and Mehta, 1989). It showed that
butyrate appears to regulate immune function,
contributing to the maintenance of homeostasis of the
intestine mucosa (D’Argenio and Mazzacca, 1999)
which meclude inhibition of intestinal NF-kB activation
(Tnan et al., 2000).

It was found that the diet contaiming 0.17% sodium
butyrate markedly reduced the percentile proportion of
Coliform bacteria and increased the counts of
Lactobacillus in the ileum and caecum (Galfi and Bokori,
1990). The effect of sodium butyrate might be mainly due
to its extensive biological action which resist invasion of
opportunistic  bacteria including direct mlubition of
bacterial growth and/or interference with adhesion to host
tissues (Mathew ef al., 1996). However, determination of
Coliform profiles would likely require further studies that
address serotypic identification of adherent E. coli on
the mucosal lining. Because some Enterotoxigenic E. coli
(ETEC) serogroups characteristically adhere to the gut
mucosa as a prerequisite to virulence (Gaastra and de
Graaf, 1982), their numbers might not be detected by the
assays used in the current study.

The structure of the intestinal mucosa reveals some
information on gut health. In the present study, an
mcrease 1 villus height and villus height to crypt
depth ratio at the small intestinal mucosa of the piglets
supplemented with 1000 mg kg™ sodium butyrate was
observed. Such improved intestinal mucosal morphology
could be explained by increased ADFI, low level of serum
cytokines (TNF-¢, IL-6) and inhibition of the intestinal
NF«B activity in weanling pigs.

As one of the most potent stimuli of intestinal
proliferation, the oral mntake of food and its physical
presence in the gastrointestinal tract are necessary for
structural and functional maintenance of the intestinal
mucosa (Kelly et al., 1991). The absence of nutrients from
the gut lumen occurs after weaning will have marked
effects on the rate of cell differentiation and cell turnover.
The exclusion of nutrients from the lumen of the small
intestine either by starvation, dietary restriction or
mtravenous feeding, results m villous atrophy and a
decrease in crypt-cell production rate. Since, these
changes have been reported in the gut of the
newly-weaned pig, it is likely that daily feed intake plays
a strong role in the integrity of the structure and function
of the small intestine after weaning.

Some evidences have demonstrated that serum
cytokines are important regulators of intestinal
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immunity (Kramer et al., 19935) and major regulators of
epithelial cell growth and development including intestinal
inflammation and epithelial restitution following mucosal
damage (Ferreira et al.,1990; Lionetti et al., 1993). The role
of such cytokine in either epithelial integrity or mucosal
immune function 1s not yet fully understood.

In the study, decreased TNF-a and I1.-6 levels in the
serum were observed in pigs fed with sodium butyrate.
Because the expression and sythesis of TNF-¢ and 11.-6
was up-regulated by the DNA-bounding activity of the
intestinal NF-xB, the low level of serum TNF-¢¢ and IL-6 in
pigs supplemented with sodum butyrate might be the
result from decreased activity of the intestinal NF-xB. But
the mechanism of interaction between singnificant
decrease of TNF-¢¢ and T1.-6 level and no significant
decrease of the mtestinal NF-xB activity i pigs
supplemented with 500 mg kg™ sodium butyrate was not
clear.

Nuclear factor-kB was first identified as a protein
bound to a sequence in the immunoglobulin ¥ light chain
enhancer in B cells stimulated with lipopolysaccharide
(Sen and Baltimore, 1986). NF-kB exits m the cytoplasm in
an inactive state, linked to a potent inhibitor TkB
{(Inhibitor kB) and sequestered in the NF-kB/IxB complex.
Stimulatory signals including bacterial products, viral
proteins, reactive oxygen species, radiation, ischemia/
reperfusion and  oxidative  stress, induce the
phosphorylation of IkB by an ubiquitindependent protein
kinase and proteolytic degradation. Then, NF-xB
dissociates from its inhibitor and rapidly translocates to
the nucleus. There, it binds to a 10 bp sequence (kB
sequence) and regulates the gene transcription of diverse
inflammatory and immune response mediators including
cytokines (TNF-¢, IL-6), chemokines and cell adhesion
molecules (Baeuerle and Henkel, 1994). The abnormal,
constitutive activation of the intestinal NF-kB has been
associated with Inflammatory Bowel Disease (IBD) and
Ulcerative Colitis (UC) (Bames and Karin, 1997; Jobin and
Sartor, 2000).

The study of Crohn’s disease showed that butyrate
inhibits inflammatory responses through NF-kB inhibition
(Segain et al., 2000). In the present study, 1t was found
that high DNA-bounding activity of NF-kB in the small
intestine of weanling pigs was associated with decreased
villus height at the jejunum and the villus height to crypt
depth ratio at the jejunum and ileum. Several in vivo
observations suggest an inverse correlation between
mucosal NF-xB activity and the mntegrity of the mtestinal
epithelium (Thiele et al., 1999). But the mechanisms were
not understood.

Experiment has demonstrated that colonocytes
NF-kB activation could be mhibited by sodium butyrate
(Tnan et al., 2000). In this study, several mechanisms were
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proposed to explain sodium butyrate-induced inhibition
of the intestinal NF-xB as follows. First, the mhibition of
NF-kB activity might be resulted from the changes of
mntestinal microflora populations with the supplementation
of sodium butyrate because the mucosal NF-kB could be
activated by pathogemc stimuli (bacterial products). The
importance of fermentation acids in resisting enteric
pathogens has been suggested (Blomberg ef af., 1993).
The decrease in ileum SCFAs after weaning coincided
with an increase m total E. coli, a greater proportion of K,
pathogenic E. coli and a decrease in total lactobacilli in
the 1ileal contents (Mathew et al, 1993). The
supplementation of sodium butyrate in diets may
increase resistance to opportunistic organism including
pathogenic E.coli in the intestinal tract. Galfi and Bokori
(1990) found that the diet contamning sodium butyrate
markedly reduced the percentile proportion of coliform
bacteria and increased the counts of Lactobacillus mn the
ileum and caecum. Second, sodium butyrate may induce
synthesis of the NF-xB mhibitor kB or inlibit the
degradation of IkB (Jobin and Sartor, 2000) by
suppressing signalinducible IkB proteolysis through
inhibiting kB Kinase which traps activated NF-xB,
thereby preventing its translocation into the nucleus
(Yin, 1998). Third, sodium butyrate may directly bind
to the NF-xB subunit and mnterfere with NF-kB DNA-
binding activity (Yang et al, 1995). Finally, sodium
butyrate may inhibit NF-kB-dependent transcription by
scavenging Reactive Oxygen Species (ROS) which are
required for NF-xB activation (Epmat and Gilmore, 1999).
This effect was discussed on numerous natural and
synthetic antioxidants such as vitamin E and C (Y, 1998).
However, all these proposals remain to be further
investigated.

CONCLUSION

As  an endogenesis produced by microbial
fermentation in the intestine not alien to the body, sodium
butyrate plays an important role on improving the growth
performance and keeping the completeness of structure of
mtestinal membrane in weanling pigs. This effect of
sodium butyrate in weanling pigs might be through the
pathway of decreasing the TNF-¢, IL-6 level m serum and
inhibition of DNA-binding activity of the intestinal
NF-xB.

ACKNOWLEDGEMENTS

The financial support from National Natural Science
Foundation of China (Project No. N31072038) and Natural
November 17, 2011 Science Foundation of Zhejiang
Province, China (Project No. Y3090134) 1s gratefully

819

acknowledged by all researchers. The researchers
gratefully thank Xiang-Tun Fang and Si-Zong Lu for
techmical assistance.

REFERENCES

Bacuerle, P.A. and T. Henkel, 1994. Function and
activation of NF-kappa B In the mmmune system.
Annu. Rev. Immunol., 12: 141-179.

Bames, P.J. and M. Karin, 1997. Nuclear factor-kappa B: A
pivotal transcription factor in chronic inflammatory
diseases. N. Engl. J. Med., 336: 1066-1071.

Binder, H.I. and P. Mehta, 1989. Short-chain fatty acids
stimulate active sodium and chloride absorption in
vitro in the rat distal
96: 989-99¢6.

Blomberg, L., A. Henricksson and P.L. Conway, 1993.
Inhibition of adhesion of Escherichin coli K88 to
piglet ileal mucus by Lactobacillus ssp. Applied
Environ. Microbiol., 59: 34-39.

D’ Argenio, G. and G. Mazzacca, 1999. Short-chain fatty
acid m the human colon: Relation to inflammatory
bowel diseases and colon cancer. Adv. Exp. Med.
Biol., 472: 145-158.

De Plaen, 1.G., X.ID. Tan, H. Chang, X.W. Qu, Q.P. Liu and
W. Hsueh, 1998. Intestinal NF-&B is activated, mainly
as p50 homodimers, by platelet-activating factor.
Biochim. Biophys. Acta, 1329: 185-192.

Deryckere, F. and F. Gamnon, 1994. A one-hour
minipreparation technique for extraction of DNA-

colon. Gastroenterol.,

binding proteins from animal tissues. Biotechmques,
Vol. 16.

Epinat, J.C. and T.D. Gilmore, 1999. Diverse agents act at
multiple levels to mlubit the Rel/NF-xB signal
transcduction pathway. Oncogene, 18: 6896-6909.

Ferreira, R.C, LE. Forsyth, PI Richman, C. Wells,
I. Spencer and T.T. Macdonald, 1990. Changes in the
rate of crypt epithelial cell proliferation and mucosal
morphology  mduced by T-cell-mediated
response in human small intestine. Gastroenterol.,
08: 1255-1263.

Friedel, D. and G.M. Levine, 1992. Effect of short-chain
fatty acid on colome function and structure. JPEN T.
Parenter. Enteral. Nutr., 16: 1-4.

Gaastra, W. and F.K. de Graaf, 1 982. Host-specific fimbrial
adhesins of nomnvasive enterotoxigenic Escherichia
coli strains. Microbiol. Rev., 46: 129-161.

Galfi, P. and T. Bokori, 1990. Feeding trial in pigs with a
diet containing sodium n-butyrate. Acta Vet. Hung.,
38: 3-17.

a



J. Anim. Vet. Adv., 11 (6): 814-821, 2012

Holdeman, L.V., EP. Cato and W.E.C. Moore, 1977.
Anaerobic Laboratory Manmual. 4th Edn., Virginia
Polytechmc  Institute State  Urversity,
Blacksburg, pp: 51-70.

Inan, M.S., R.J. Rasoulpour, L. Yin, AK. Hubbard,
D.W. Rosenberg and C. Giardina, 2000. The luminal
short-chain fatty acid butyrate modulates NF-xB
activity in a human colonic epithelial cell lLine.
Gastroenterol., 118 724-734.

Jobm, C. and R.B. Sartor, 2000. The I kappa B/NF-xB:
A key determinant of mucosal inflammation and
protection. Am. J.  Physiol. Cell Physiol,
278: 451-462.

Jozefiak, D., A. Rutkowski and S.A. Martin, 2004.
Carbohydrate fermentation in the avian ceca: A
review. Amm. Feed Sci. Technol., 113: 1-15.

Kelly, D, TP. King, M. Mcfadyen and A.J. Travis,
1991. Effect of lactation on the decline of brush

Gut,

and

border lactase activity in neonatal pigs.
32: 386-392.

Kotunia, A., . Wolinski, D. Laubitz, M. JTurkowska,
V. Rome, P. Guilloteau and R. Zabielski, 2004. Effect
of sodium butyrate
development in necnatal piglets feed by artificial
sow. J. Physiol. Pharmacol., 2: 59-68.

Kramer, D.R., R M. Sutherland, S. Bao and A.J. Husband,
1995. Cytokine mediated effects in mucosal immunity.
Immunol. Cell Biol., 73: 389-396.

Kravchenko, V.V, Z. Pan, J. Han IM. Herbert,
R.J. Ulevitch and R.D. Ye, 1995. Platelet-activating
factor mduces NF-kappa B activation through a

on the small intestine

G protein-coupled pathway. J. Biolog. Chem.,
270: 14528-14934.

Kripke, S.A., AD. Fox and .M. Berman, 1989. Stimulation
of intestinal mucosal growth with intracolonic
mfusion of short-chain fatty acids. J. Parenter. Enteral
Nutr., 13: 109-116.

Lionetti, P., E. Breese, C.P. Braegger, S.H. Murch, T. Taylor
and T.T. Macdonald, 1993, T-cell activation can
induce either mucosal destruction or adaptation in
cultured human fetal small mntestine. Gastroenterol.,
105: 373-381.

Lu, 1T, X.T. Zouand Y. M. Wang, 2008. Effects of sodium
butyrate on the growth performance, intestinal
microflora and morphology of weanling pigs. J. Anim.
Feed Sci., 17: 568-578.

Malbert, CH., I. Montfort, C. Mathis, S. Guerin and
I.P. Laplace, 1994. Remote effects of ileo-colic SCFAs
levels on gastric motility and emptying. 6th Int.
Sympo. Digest. Physiol. Pigs., 2: 283-286.

820

Mathew, A.G., A L. Sutton, A.B. Scheidt, I A. Patterson,
D.T. Kelly and K.A. Meyerholtz, 1993. Effect of
galactan on selected microbial populations i the
ileun of the weanling pig. J. Anim. Seci,
71: 1503-1509.

Mathew, A.G., MA. Franklin, W.G. Upchurch and
S.E. Chattin, 1996. Effects of weaning on ileal short-
cham fatty acid concentrations in pigs. Nutr. Res.,
16: 1689-1698.

Mentschel, J. and R. Claus, 2003. Increased butyrate
formation in the pig colon by feeding raw potato

leads reduction of colonocyte
apoptosis and a shift to the
compartment. 52 Metabol.,: 1400-1405.

Mevissen-Verhage, E.A., I.H. Marcelis, NM. de Vos,
W.C. Harmsen-van Amerongen and I. Verhoef, 1987,
Bifidobacterium, Bacteroides and Clostridium spp.
in faecal samples from breast-fed and bottle-fed

starch to a

stem  cell

mfants with and without wwon supplement. J. Clini.
Microbiol., 25: 285-289.

Mortensen, F.V., H. Nielsen, M.J. Mulvany and I. Hessov,
1990. Short chain fatty acids dilate 1solated human
colonic resistance arteries. Gut, 31: 1391-1394.

Munoa, F.J. and R. Pares, 1988. Selective medium for the
isolation and enumeration of Bifidobacterium spp.
Applied Environ. Microbiol., 54: 1715-1718.

Piva, A. and M. Morlacchim, 2002. Sodwm buyrate
improves growth performance of weaned piglets
during the first period after weaning. Italian. J. Amm.
Sei., 1: 35-41.

Scheppach, W., 1994. Effects of short chain fatty acids on
gut morphology and function. Gut, 35: 35-38.

Segam, I.P., B.D. Ramgeard, A. Bourreille, V. Leray
and N. Gervois et af, 2000. Butyrate mlubits
inflammatory responses through NF kappa B
mhibition: 1mplications for Crohn's disease. Gut,
47: 397-403.

Sen, R. and D. Baltimore, 1986. Inducibility of kappa
mmmunoglobulin enhancer-binding protein NF-kappa
B by a posttranslational mechanism. Cell, 47: 921-928.

Thiele, K., A. Bierhaus, F. Autschbach, M. Hofmann and
W. Stremmel et al., 1999. Cell specific effects of
glucocorticoid treatment on the NF-kappaBp65/
IkappaBalpha system in patients with Crohn's
disease. Gut, 45: 693-704.

Wang, IF., YX. Chen, Z.X Wang, SH. Dong and
ZW. Lai, 2005. Effects of sodium butyrate on
structure of small intestine mucous epithelium in
weaning piglets. Chinese I. Vet Sci. Technol,
35: 298-301.



J. Anim. Vet. Adv., 11 (6): 814-821, 2012

Witte, W., SE. Josal, F.X. Roth, M. Kirchgessner,
L. Goransson, 3. Lange and K.B. Pedersen, 2000.
Future strategies with respect to the use of feed
without antibiotic additives in pig production. Pig N.
Inform., 21: 27-32.

Xu, ZR., CH Hu, M.53. Xia, X.A. Zhan and M.Q. Wang,
2003. Effects of dietary fructooligosaccharide on
digestive enzyme activities, intestinal microflora and
morphology of male broilers. Poult. Sci., 82: 648-654.

821

Yang, TP, ITP. Merin, T. Nakano, T. Kato,
Y. Kitade and T. Ckamoto, 1995 Inhibition
of the DNA-bmnding activity of NF-xB by
gold  compounds FEBS  Lett,
361: 89-96.

Yin, M.J., 1998. The anti-mflammatory agents aspirin and
salicylate inhibit the activity of IxB kinase-p. Nature,
396: 77-80.

n vifro.



