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Abstract

Purpose: It is widely accepted that lipopolysaccharide and volatile fatty acids (VFA) accumulate in the digestive tract of
ruminants fed diets containing high portions of grain. Compared to the ruminal epithelium, the hindgut epithelium is
composed of a monolayer structure that is more “leaky” for lipopolysaccharide and susceptible to organic acid-induced
damage. The aim of this study was to investigate changes in epithelial structure, apoptosis and inflammatory response in
the hindgut of goats fed a high-concentrate diet for 6 weeks.

Experimental Design: Eight local Chinese goats with rumen cannulas were randomly assigned to two groups: one group
was fed a high-concentrate diet (65% concentrate of dry matter, HC) and the other group was fed a low-concentrate diet
(35% concentrate of dry matter, LC) for 6 wks. Ruminal fluid, plasma, and hindgut mucosa tissues were collected.
Histological techniques, real-time PCR and western blotting were used to evaluate the tissues structure, cell apoptosis and
local inflammation in the hindguts.

Results: Feeding HC diet for 6 wks resulted in a significant decrease of ruminal pH (p<<0.01), and ruminal lipopolysaccharide
concentrations were significantly increased in HC goats (p<<0.05). Obvious damage was observed to mucosal epithelium of
the hindgut and the intercellular tight junctions in HC, but not in LC, goats. The expression of MyD88 and caspase-8 mRNA
was increased in colonic epithelium of HC goats compared to LC (p<<0.05), and the expression of TLR-4 and caspase-3
showed a tendency to increase. In the cecum, interleukin-1 mRNA expression was decreased (p<<0.05), and caspase-3
showed a potential increase (p=0.07) in HC goats. The level of NF-kB protein was increased in colonic epithelium of HC
goats. Caspase-3 activity was elevated in both colon and cecum, whereas caspase-8 activity was statistically increased only
in colon.

Conclusions: Feeding a high-concentrate diet to goats for 6 wks led to hindgut mucosal injuries via activating epithelial

cells apoptosis and local inflammatory response.
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Introduction

Current intensive production systems for ruminants feed large
amounts of grain to animals to maximize energy intake and
support high milk yields or rapid growth. These feeding programs
might be useful to lower the cost in the short term, however, the
excessive amounts of non-structural carbohydrates and highly
fermentable forages result in rapid fermentation and organic acids
accumulation in rumen and hindgut [1,2]. Moreover, feeding
excessive grain to ruminants likely leads to the accumulation of
bacterial endotoxin (lipopolysaccharide, LPS) derived from gram-
negative bacteria in the gastrointestinal (GI) tract [3,4]. The
increased LPS in the GI tract, especially in the hindgut, can
increase the permeability for LPS [3], leading to the translocation
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of LPS from GI tract into circulatory system. Therefore, the
accumulation and translocation of LPS might cause damages to
the histological structure of mucosa barrier in GI tract [6].
Under normal conditions, the rumen epithelium prevents the
translocation of toxic compounds into blood depending on the
multi-cellular structure [7]. Recent findings suggest that the
combination of low pH and high LPS concentration in the rumen
may not cause the translocation of LPS [8]. However, there was a
high risk of LPS translocation from the large intestine due to the
monolayer structure when ruminants suffered a grain-induced
subacute ruminal acidosis (SARA) challenge [9]. Tight junctions
(TJs) play an important role in maintaining the barrier function of
epithelial cells, preventing the translocation of LPS and other toxic
compounds from the intestinal tract into the circulatory system
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[10]. The impairment of the epithelial T] barrier can result in
intestinal inflammation, including necrotizing enterocolitis, celiac
disease, and Crohn’s disease [11-13]. It’s reported that the
disruption of intestinal TJs can increase the permeability of
intestinal epithelia, the translocation of LPS and even cause
systemic inflammation [14].

Intestinal epithelial cells contribute to the regulation of
inflammatory conditions and create an intestinal barrier against
invading pathogens [15]. Toll-like receptors (I'LRs) in the gut
epithelium play a key role in maintaining the homeostasis by
recognizing ligands known as microbial-associated molecular
patterns (MAMPs) derived from both pathogenic and non-
pathogenic bacteria [16-18]. After combining with TLR-4 on
the host cell surface, LPS activates myeloid differentiating factor
88 (MyD88), and then elicits a pro-inflammatory NF-xB-
dependent signaling cascade [19,20]. As a major transcription
factor and a first responder to harmful cellular stimuli, NF-xB
plays a central role in inflammation through its ability to induce
transcription of proinflammatory genes [21]. Systemic LPS
administration caused a rapid intestinal epithelial cells apoptosis
and the activation of caspases, paralleled a significant disruption in
the intestinal villi and the epithelial cells shedding [22].

Several studies conducted in goat and dairy cattle showed that a
high grain diet impaired barrier functions of the rumen epithelium
[23,24], inflammation and caused other health problems in host
animals [25]. Several chaperone proteins with important cellular
protective functions in epithelial tissues were collectively down-
regulated in response to high dietary energy supply, which
indicates that energy-rich diets and the resulting acidotic insult
may facilitate the impairment of rumen barrier function by
attenuating their cell defense system [26]. However, no informa-
tion exists about the underlying mechanism behind the disruption
of protective functions of the hindgut epithelium in response to
high grain diet to ruminants. Based on the finding that the rumen
digesta and presence of LPS make the hindgut tissues “leaky” [27],
we hypothesized that feeding goats a diet enriched with a high
level of concentrate could cause structure damages in hindgut
epithelium via triggering epithelial cells apoptosis as well as the
local inflammatory response. Therefore, the aim of this study was
to investigate the changes of epithelial structure, apoptosis and
inflammatory response in the hindgut of goats after feeding a high-
concentrate diet for 6 wks.

Results

Ruminal pH

After feeding a high concentrate diet for 2 and 6 wks, ruminal
pH was significantly decreased in HC goats compared to control
(p<<0.0I). Ruminal pH was affected significantly by digesting time
(p<<0.01), while there was no interaction of digesting time and diet

on ruminal pH (p>0.05; figure 1A-B).

Concentrations of LPS in rumen and plasma

As shown in Figure 2A, both digesting time (p<<0.0I) and diet
(p<<0.05) significantly affected LPS content in rumen fluids, and
with a significant higher level of LPS in ruminal fluids of HC goats
compared to control. There was a significant interaction between
time and diet on LPS content in rumen fluids (p<0.01; figure 2A).
However, the level of LPS in blood did not show significant
difference between HC and LC goats (p>0.05; figure 2B).

Morphology of TJs and mucosa tissue in the hindgut
Hematoxylin and eosin (H&E) staining showed that in colon
and cecum epithelium, desquamation and severe cellular damage

PLOS ONE | www.plosone.org

High Concentrate Diet Induced Mucosal Injuries in the Hindgut of Goats

was observed in HC goats, whereas LC goats exhibited structural
integrity of the epithelial cell morphology (Figure 3A-D). Com-
pared to LC goats, HC goats showed significantly higher epithelial
injury score and inflammatory cell infiltration score in both colon
and cecum mucosa (p<0.01; figure 3E—]).

The ultrastructure of IJ in the hindgut was detected by
transmission electron microscopy (TEM) to determine the hindgut
T]J status. As shown in Figure 4A-H, compared to control, the T]Js
were damaged and the intercellular space between epithelial cells
widened in HC goats (Figure 4A-H).

Gene expression in hindgut mucosa tissues

In colon mucosa, MyD88 and caspase-8 mRINA expressions
were significantly increased (p<<0.0I), and there was a trend
toward increased mRNA expression of TLR-4 (p =0.07) and
caspase-3 (p =0.06) in HC goats compared to control (Fig-
ure 5A).

In cecum mucosa, IL-1 mRNA expression was significantly
decreased in HC goats compared to control counterparts (h<<
0.05), and there was a potential increase of caspase-3 mRNA
expression in HC goats (p = 0.07; figure 5B).

Caspase activity in the hindgut mucosa tissues

As shown in Figure 6A, HC goats showed markedly higher level
of caspase-3 enzyme activity in colon and cecum than that in LC
goats (p<<0.05), and higher caspase-8 activity in colon mucosa (p<<
0.05) but not in cecum mucosa (p>0.05; figure 6B).

NF-kB protein content in the hindgut tissues

Compared to LC goats, HC goats demonstrated a significant
increase of NF-kB protein in colon mucosa (p<<0.05), while there
was 1o significant difference in cecum mucosa (p>0.05; figure 7).

Discussion

In ruminants, SARA is a metabolic disease induced by feeding
excessive amounts of highly fermentable forages and insufficient
dietary coarse fiber [28,29]. Several rumen pH thresholds (e.g.,
6.0, 5.8, 5.6, and 5.5) have been used to define SARA [30]
[31,32]. In the present study, ruminal pH in HC goats fed a diet
with 65% concentrate decreased to less than 5.8 at 2 h after
feeding and continued for approximately four hours during wk 2.
However, after feeding 6 wks, although ruminal pH of HC goats
was still significantly lower than the control goats, the value was
increased to more than 6.0, indicating the adaptation to high
concentrate diets after a long-term feeding. This adaptation
phenomenon was also observed in Steele’s experiment [6].
Similarly, feeding 60% grain diet to growing goats for 6 wks
induced a lower ruminal and colonic pH, and also altered genes
expression associated with nutrient transport and electrochemical
gradients in rumen and colon epithelium, indicating an increase
systemic absorption of VFA to counteract the consequences of
luminal acidification on intracellular homeostasis in epithelial cells
[33].

Previous studies suggested that ruminants fed diets enrich with
starch resulted in the increase of rumen LPS concentration
[34,35]. In a good agreement, our results showed that LPS content
in rumen fluids of HC goats was markedly higher than the control
goats. Li et al also found that a grain-based SARA in dairy cow led
to a huge increase of LPS concentration in cecal digesta and wet
feces [9]. In growing goats, colonic LPS concentration significantly
increased in response to the 60% grain diet for 6 wks, whereas its
ruminal concentration decreased in response to the same diet [36].
Unfortunately, the concentration of LPS in hindgut digesta was
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Figure 1. pH value in ruminal fluid after 2 (A) and 6 weeks (B) feeding regime. Data was analyzed for differences due to diet, time, and their
interactions by ANOVA using the General Linear Models of SPSS 11.0 for Windows (StatSoft Inc, Tulsa, OK, USA). Data was considered statistically

significant when P<0.05, n=4.
doi:10.1371/journal.pone.0111596.g001

not recorded in this study due to the insufficient amount of
samples. As in the previous report [9], our results showed that all
concentrations of LPS in blood plasma were below 0.04 EU/mL,
and there was no significant difference between HC and LC goats.
The grain-based SARA challenge caused translocation of LPS
from the digestive tract but that LPS was detoxified before
entering the peripheral blood circulation [9]. It is well known that
acidic conditions in the abomasums lead to degradation of LPS [6]
and the Kupfer cells in liver have high clearance rate of the LPS
[37]. However, feeding 65% grain diets to the male goats for 7
weeks resulted in translocation of LPS into the blood with the
concentrations of 0.8£0.20 EU/mL, suggesting a leakage of LPS
into the blood [23]. Klevenhusen et al found that in growing goats,
greater amounts of grain in the diet were associated with a
quadratic increase in serum LPS concentration compared with
controls (0.04 vs 0.08 EU/mL), whereas no signs of inflammation
became apparent, as serum amyloid A (SAA) concentrations
remained unaffected by diet [1]. Taken together, these results
suggest that increased LPS release in the rumen or hindgut during
lyses of gram-negative bacteria exposed to acidic conditions might
have contributed to epithelial damage [9,38].
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The cellular structure of the ruminal epithelium is complex,
consisting of a multilayered structure with intercellular tight
junctions (TJs) in the two middle layers. However, hindgut
epithelium only has a monolayer structure [38]. Histological
differences between the rumen and the hindgut suggest that the
barrier function of the hindgut epithelium is more easily
compromised by high level of LPS [9]. Effects of high grain diet
on ruminal defense function and epithelial permeability have been
well documented [24,27]. In the present study, obvious desqua-
mation and severe cellular damage were observed in colon and
cecum epithelium of HC goats, while all LC goats maintained
normal and healthy epithelial structure. Our results also showed
that the intercellular space was obviously widened in colon and
cecum epithelium of HC goats, indicating the disruption and
expansion of TJs in the hindgut tissues. It is reported that the T]Js
opening could regulate the paracellular pathway, and it might be
related to disrupted permeability of digestive tract [39,40]. In this
study, as previously reported [41], the mechanical widening of the
TJs (Figure 4) indicates the disruption of T] proteins and the loss
of TJ integrity. Several factors such as pH value and toxic
compounds have been suggested to involve in the process of
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Figure 2. LPS concentrations in ruminal fluid (A) and plasma (B). The results were expressed as mean *= SEM. Data were analyzed for
differences due to diet, time, and their interactions by ANOVA using the General Linear Models of SPSS 11.0 for Windows (StatSoft Inc, Tulsa, OK,
USA). Data was considered statistically significant when P<<0.05, n=4. * P<<0.05 between two groups.

doi:10.1371/journal.pone.0111596.g002
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Figure 3. Comparisons of the hindgut (colon and cecum) histology between HC and LC goats. Hindgut (n=4) from each group were
processed for histological evaluation: colon section of the (A) LC group; (B) HC group and cecum section of the (C) LC group; (D) HC group. The
representative histological sections of the hindgut were stained by H&E at 400 x magnification. Black, blue and red arrow indicates the loss of
epithelial integrity, inflammatory cell infiltrate and goblet cell depletion of the hindgut epithelium, respectively. E-J: Histological damage score in
colon (E-G) and cecum (H-J) mucosa. Asterisks denote a significant difference compared with control.

doi:10.1371/journal.pone.0111596.g003
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Figure 4. Comparisons of morphology of the hindgut mucosa (colon and cecum) between HC and LC goats. Hindgut (n=4) from each
group were processed for morphological evaluation: colon section of the (A, C) LC group; (B, D) HC group and cecum section of the (E, G) LC group;

(F, H) HC group (transmission electron microscopy, x10000). Arrow indicates the location of the TJs (Scale bar=500 nm).

doi:10.1371/journal.pone.0111596.g004

structure disruption in epithelial tissues caused by feeding high
grain diet [9,42]. The level of organic acids in colonic digesta was
significantly increased in dairy cattle fed high grain diet, therefore,
resulting in acidotic insult in the hindgut [9]. In a human colon
adenocarcinoma cell line, acetate treatment in the pH range of 6.0
to 7.0 induced cell apoptosis rather than necrosis, while acetate
treatment at pH 5.5 caused cell necrosis [7]. Additionally, a recent
study conducted in growing goats showed that after feeding high
grain diet for 6 wks, several chaperone proteins with important
cellular protective functions were collectively down-regulated in

A
5 O LC
R HC

$ *
7 4
2
s
3
o
g 3}
c
@
o
U3
<]
o 2 # # *
o
<
]
S
E 1:[' FI FI i
°
w

0 g

13 & o N3 > £
&\g. &\g. O «\‘Q 2 & &
& R K
& &

ruminal epithelium, indicating an attenuated cell defense system
[26].

Feeding high grain diet to growing goats resulted in enhanced
concentration of LPS in colonic digesta [38]. Increased release of
LPS in colonic lumen exposed to acidic conditions might have
contributed to epithelial damage by its ability to trigger
inflammatory response. As one of the most potent inflammatory
mediators and a major structural component of Gram-negative
bacteria, LPS has been hypothesized to form an important risk
factor of inflammatory bowel disease (IBD) [43]. LPS activates the
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Figure 5. Gene expression in colon (A) and cecum mucosa (B). Beta-actin was used as the reference gene for gene expression. The data were
analyzed by Independent-Samples T test using the Compare Means of SPASS 11.0 for Windows (StaSoft Inc, Tulsa, OK, USA). Values are mean = SEM.

#p<0.1, *p<0.05 vs. LC.
doi:10.1371/journal.pone.0111596.g005
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host Toll-like receptor 4 (TLR4) to induce the production of pro-
inflammatory cytokines and apoptosis of intestinal epithelial cells
in IBD, which contribute to cytokine-mediated mucosal tissue
damage, leading to a breakdown in the mucosal barrier [44].
MyD88-dependent pathway is the downstream signals of TLR-4,
and initiation of MyD88-dependent pathway could lead to
activation of NF-xB and transcription of several pro-inflammatory
genes [16]. Diverse stimuli (e.g., microbial products, microbes,
pro-inflammatory cytokines, and oxidative stress) can activate NF-
kB, and the downstream cytokines have been used to assess
inflammation [3,23]. In this study, the mRINA transcript level of
TLR-4 in colon mucosa was up-regulated in HC goats, and
MyD88 mRNA expression showed a significant up-regulation with
a 3-fold increase compared to control goats. TINF-oo mRNA
expression in colon epithelium of HC goats was increased by 1.5
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Figure 7. Protein expression of NF-kB p65 in colon and cecum
mucosa. Results of NF-kB p65 protein levels expressed as arbitrary
units relative to B-actin protein. Values are mean + SEM. The data were
analyzed by Independent-Samples T test using the Compare Means of
SPASS 11.0 for Windows (StaSoft Inc, Tulsa, OK, USA). #p<0.1, ¥*p<0.05
vs. LC.

doi:10.1371/journal.pone.0111596.g007
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fold compared to control. Moreover, the level of NF-kB p65
protein was significantly enhanced in colonic mucosa of HC goats.
NF-xB activation has been detected in the mucosa of patients with
IBD and in murine colitis model, and inhibition of NF-kB with a
specific p65 antisense oligonucleotide is effective in preventing
experimental models of IBD and efficiently down-regulates
cytokine production [45]. Therefore, the activation of TLR-4
signaling pathway in colonic epithelium indicates the presence of
an inflammatory response in HC goats after 6 wks feeding high
concentrate diets. However, in cecum epithelium, except for a
significant decrease of IL-1B mRNA expression there was no
difference of TLR4, MyD88 mRNA expression, or NF-kB p65
protein translation between HC and control goats, suggesting
other factors or pathways (e.g., apoptosis pathway) contributed to
the epithelial damage.

Apoptosis was associated with activated caspase-3, -8, -9 and
-10, and inactivation of caspase 10 or 3 was sufficient to block
apoptosis in this pathway [46]. In epithelial tissues, tight junction
damage or disruption is usually thought of as a downstream
consequence of caspase cleavage during the apoptotic process
[47]. In another study, signaling through tumor necrosis factor
(TNF) leads to the recruitment of signaling complex that activates
caspase-8, which then mediates apoptosis by activating caspases
including caspase-3, suggesting the important roles of caspase-3
and -8 in mediating cell apoptosis and tissues damage. Our results
showed that both mRINA transcription and the activities of
caspase-3 and -8 were markedly enhanced in colon epithelium of
HC goats compared to control. In cecum epithelium, the
transcript level of caspase 3 showed a tendency to increase, and
its activity was significantly enhanced in HC goats. It is reported
that a high concentration of LPS increased localization epithelial
apoptosis and permeability and these changes were dependent on
caspase-3 activation [5]. Taken together, in the present study, the
activation of caspase activity may contribute to the structural
damage in colon and cecum epithelium of goats after feeding
6 wks of high concentrate diets.

Conclusions

We report herein for the first time that ruminal pH dropped to
the threshold for defining SARA after feeding HC diet to goats for
2 wks. After 6 wks, although ruminal pH of HC goats was lower
than that of LC goats, which was increased to above 6.0 due to the

October 2014 | Volume 9 | Issue 10 | e111596



adaptation to high grain diet. LPS concentrations in ruminal fluids
but not in plasma were significantly increased in HC goats
compared to LC. Obvious structural disruption was observed in
colon and cecum mucosa barrier in HC goats but not in LC
counterparts. Activations of both cell apoptosis and inflammatory
response contributed to the process of epithelial damage in colon
mucosa, while in cecum mucosa the activation of cell apoptosis
was the dominant mechanism responsible for epithelial disruption
in HC goats.

Materials and Methods

Ethics Statement

All animal procedures were approved by the Institutional
Animal Care and Use Committee (IACUC) of Nanjing Agricul-
tural University. The protocol of this study was reviewed and
approved specifically, with the project number 2011CB100802.
The slaughter and sampling procedures strictly followed the
“Guidelines on Ethical Treatment of Experimental Animals”
(2006) No. 398 set by the Ministry of Science and Technology,
China and the Regulation regarding the Management and
Treatment of Experimental Animals” (2008) No. 45 set by the
Jiangsu Provincial People’s Government.

Animals and experimental procedures

Eight 6-month-old Chinese boer goats with approximately
22.0%2.0 kg body weight were housed in individual stalls in a
standard animal feeding house at Nanjing Agricultural University
(Nanjing, China). The animal experiment was undertaken
following the guidelines of the Animal Ethics Committee of
Nanjing Agricultural University, China. During a surgical
procedure that required only a short post-operative recovery time,
a small cannula constructed from polyvinylchloride (PVC) was
mserted into the rumen of each goat. The surgical recovery time
was two weeks. During the next 2 wks of adaptation periods, goats
were offered free access to the same diet containing a forage-to-
concentrate ratio (F:C) of 65:35. After adaptation, goats were
randomly allocated to two groups. One group was fed a control
diet comprising 65% forage and 35% mixed concentrate (low
concentrate group, LC), while the other group received a high-
grain diet containing 43% corn, 5% wheat bran, 17% mixed
concentrate and 35% forage (high concentrate group, HC). Both
groups of goats were fed daily at 8:00 and 18:00, and feed was
always provided in an amount that met or exceeded the animal’s
nutritional requirements. The animals were fed the respective diets
for 6 wks, and had free access to water during the experimental
period.

Rumen sampling and analysis

Fifteen minutes prior to feed delivery and 2, 4, 6 and 8 h after
feed delivery on 2 consecutive days during wk 2 and 6, ten
milliliter rumen fluids was collected with a nylon bag and the pH
value was measured immediately with pH-meter.

The rumen fluid was collected and each sample was transferred
into a 50-mL sterile tube and kept on ice until transported to the
laboratory for the initial processing before LPS determination as
described by Gozho et al. [29]. Briefly, rumen fluid samples were
centrifuged at 10,000x g for 45 min at 4°C and the supernatant
was aspirated gently to prevent its mixing with the pellet and
passed through a disposable 0.22-pm LPS-free filter. The filtrate
was collected in a sterile glass tube (previously heated at 180°C: for
4 h) and heated at 100°C for 30 min. Samples were cooled at
room temperature (25°C) for 10 min and stored at —20°C for LPS
analysis.
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The concentration of LPS in rumen fluid was measured by a
Chromogenic End-point Tachypleus Amebocyte Lysate Assay Kit
(Chinese Horseshoe Crab Reagent Manufactory Co. Ltd, Xiamen,
China). Pretreated rumen fluid samples were diluted until their
LPS concentrations were in the range of 0.1 to 1 endotoxin units
(EU)/mL relative to the reference endotoxin, and assayed as

described by Gozho et al. [29].

Blood sampling and analysis

For consecutive collection the blood samples, each goat was
installed a jugular catheter with a minor surgical operation with
local anesthesia at 3 days prior to sampling. Fifteen minutes before
feed delivery and at 15, 30, 60, 90,120 and 180 min after feed
delivery at the end of wk 6, blood samples were collected from
jugular vein into 10 mL anti-coagulant tubes and centrifuged at
3,500 xg at 4°C for 15 min for collection of plasma. Plasma was
stored at —20°C for analysis.

The concentration of LPS in plasma was determined by a
Chromogenic End-point Tachypleus Amebocyte Lysate Assay Kit
(Chinese Horseshoe Crab Reagent Manufactory Co. Ltd, Xiamen,
China). The ranges of assay sensitivity were from 0.1 to 1.0 EU/mL.

Transmission electron microscopy of TJ

Colon and cecum tissue samples were separated and fixed
immediately with 2% glutaraldehyde, post-fixed with 1% osmium
tetroxide, and embedded in resin. Ultrathin sections were cut and
stained with uranyl acetate and lead citrate. Epithelial tissues
ultrastructure was determined with a transmission electron
microscope (Hitachi H-7650, Hitachi Technologies, Tokyo,

Japan).

Histopathology

Specimens of the intestinal wall of the colon and cecum were
prepared for histological examination by fixing in 4% formalde-
hyde-buffered solution, embedding in paraffin, and sectioning.
Histological damage scoring was determined with criteria adapted
from Wu et al. [48]. Briefly, the damage score consisted of a score
for the severity of epithelial injury (graded 0-3, from absent to
mild including superficial epithelial injury, moderate including
focal erosions, and severe including multifocal erosions), the extent
of inflammatory cell infiltrate (graded 0-3, from absent to
transmural), and goblet cell depletion (0-1). In each case a
numerical score was assigned. Three tissue sections from each
animal were coded and examined by Dr. Xiangzhen Shen and Dr.
Hongli Wang to prevent observer bias.

RNA isolation, cDNA synthesis and real-time PCR

Colon and cecum mucosa tissues were quickly collected and
immediately frozen in liquid nitrogen, and stored at —80°C until
RNA isolation. Total RNA was extracted from colon and cecum
samples with Trizol Reagent (15596026, Invitrogen). Concentra-
tion and quality of the RNA were measured by NanoDrop ND-
1000 Spectrophotometer (Thermo, USA). Then two micrograms
of total RNA were treated with RNase-Free DNase (M6101,
Promega, USA) and reverse-transcribed according to manufac-
turer’s instructions. Real-time PCR was performed in Mx3000P
(Stratagene, USA). P-actin, which is not affected by the
experimental factors, was chosen as the reference gene. In order
to control PCR efficiency, two microliters of diluted cDNA (1:40,
vol/vol) was used in each real-time PCR. The following PCR
protocols were initial denaturation (1 min at 95°C), then a three-
step amplification program (20 s at 95°C,, 20-30 s at 62°C, 30 s at
72°C) was repeated 45 times. Primers were synthesized by
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PCR products (bp)

Primer sequences

5'-CGGGATCCATCCTGCGTCTGGACCTG -3’
5'-GGAATTCGGAAGGAAGGCTGGAAGAG -3’
5'-GTTTCCACAAGAGCCGTAA-3'
5'-TGTTCAGAAGGCGATAGAGT-3’
5'-ACAAGCCAATGAAGAAAGAG-3’
5'-GAGGCGAGTCCAGAACC -3’
5'-CAAGTAACAAGCCGGTAGCCC-3’
5'-CCTGAAGAGGACCTGCGAGTAG-3'
5'-GAAGAGCTGCACCCAACA-3’
5'-CAGGTCATCATCACGGAAG-3’
5'-GGTTCATCCAGGCTCTTT-3'
5'-TTCTGTCGCTACCTTTCG-3'
5'-GGCTCCTCTGAGATGCTG-3’
5'-TGCTCCCGTGCTATGCTA-3’
5'-ACTTCTCCCATTTCCG-3’
5'-GCCACTCCAGGTAGGT-3’

X T X T DX T DD T DT DT D T DT

Table 1. PCR primer sequences of the target genes.
Target genes Reference/Genbank accession

B-actin AF_481159 260
TLR4 JQ342090.1 195
MyD88 JQ308783.1 98
TNF-o AF276985.1 173
IL-18 D63351.1 172
Caspase-3 AF068837.1 98
Caspase-8 NM_001045970 149
TLR2 NM_174197.2 141
doi:10.1371/journal.pone.0111596.t001

Generay Company (Shanghai, China), and the information was
shown in Table 1. The method of 2~*4% was used to analyze the
real-time PCR results and gene mRNA levels were expressed as
the fold change relative to the mean value of control group.

Caspase-3 and -8 activity analysis

100 mg frozen colon and cecum tissues were minced and
homogenized in 1 mL of ice-cold cytoplasm RIPA containing the
protease inhibitor cocktail Complete EDTA-free (Roche, Penz-
berg, Germany). The homogenates were centrifuged at
12,000 rpm for 15 min at 4°C and then collected the supernatant.
Protein concentration was determined using a BCA Protein Assay
kit (Pierce, Rockford, IL, USA), and then diluted to the same
concentration and stored at —80°C for subsequent caspase
enzyme activity analysis. Caspase-3 and caspase-8 enzyme activity
of hindgut tissues were measured by caspase activity Assay Kits
(G007 and G008, respectively, Jiancheng Bioengineering Institute,
Nanjing, China). The procedures were performed according to the
manufacture’s instruction.

Western blotting

Frozen colon and cecum mucosa tissues (100 pug) were minced
and homogenized in 1 mL of ice-cold homogenization buffer
RIPA containing the protease inhibitor cocktail Complete EDTA-
free (Roche, Penz-berg, Germany). The homogenates were
centrifuged at 12,000 rpm for 20 min at 4°C and then collected
the supernatant fraction. Protein concentration was determined
using a BCA Protein Assay kit (Pierce, Rockford, IL, USA). Eighty
micrograms of protein extract from each sample was then loaded
onto 7.5% and 15% SDS-PAGE gels and the separated proteins
were transferred onto the nitrocellulose membranes (Bio Trace,
Pall Co, USA). After transferred, membranes were blocked for 2 h
at room temperature in blocking buffer and then membranes were
incubated with the following primary antibodies: NF-kB p65
(1:500; sc-372, Santa Cruz) and GAPDH (1:10000; APO0066,
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TLR4, Toll-like receptor 4; MyD88, myeloid differentiating factor 88; TNF-o, tumor necrosis factor alpha; IL-1p, interleukin-1 beta; TLR2, Toll-like receptor 2.

Bioworld, USA) in dilution buffer overnight at 4°C. After several
washes in Tris-Buffered-Saline with Tween (TBST), membranes
were Incubated with goat anti-rabbit horseradish peroxidase
(HRP)-conjugated secondary antibodies (1:10000; Bioworld,
USA) in dilution buffer for 2 h at room temperature. Finally,
the blot was washed and signal was detected by enhanced
chemiluminescence (ECL) using the LumiGlo substrate (Super
Signal West Pico, Pierce, USA), and the signals were recorded by
an imaging System (Bio-Rad, USA), and analyzed with Quantity
One software (Bio-Rad, USA).

Statistical analysis

The results were expressed as mean * SEM. The data of
ruminal pH and LPS in plasma and ruminal fluid were analyzed
for differences due to diet, feeding time, and their interactions by
Univariate using the General Linear Models of SPSS 11.0 for
Windows (StatSoft Inc, Tulsa, OK, USA). The differences in
caspase activities, mRNA and protein expression between two
groups were analyzed by using the post hoc analysis with the least
significant difference test following ANOVA of SPSS 11.0. The
differences of the histological scoring between two groups were
analyzed by using non-parametric statistical analysis (Wilcoxon
rank sum test). Data was considered statistically significant when
P<0.05. Numbers of replicates used for statistics are noted in the
Tables and Figures.
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