Dietary vitamin E affects small intestinal histomorphology, digestive enzyme
activity, and the expression of nutrient transporters by inhibiting proliferation of
intestinal epithelial cells within jejunum in weaned piglets'
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ABSTRACT: Vitamin E (VE) is an indispen-
sable vitamin in piglet feed formula. Among
other things, it affects tissues including small
intestine tissues and in particular its major unit
intestinal epithelial cells. Previously, limited in
vivo experiments have focused on the effect of
VE on the intestine, particularly digestion and
absorption. VE has been shown to inhibit pro-
liferation of some types of cells. This experi-
ment was conducted to test the hypothesis that
VE affects intestinal functions by influencing
the intestinal epithelial cell proliferation. Thirty
21-d old weaned [(Yorkshire X Landrace) X
Duroc] piglets with BWs of 6.36  0.55 kg were
randomly divided into five VE-containing feed-
ing formula groups. The treatments were (i) 0

IU (control), (ii) 16 IU, (iii) 32 IU, (iv) 4. 80
IU, and (v) 5. 160 IU. The treatments lasted
14 d. At the end of the experiment, all sub-
jects were sacrificed to obtain blood and tissue
samples. The results suggest that VE did not
affect the growth performance. VE did tend to
decrease jejunal crypt depth (linear, P = 0.056)
and villus width (linear, P < 0.05). Sucrase
activity significantly decreased in the adding 80
IU VE compared with the control (P < 0.05).
Jejunal crypt, cell proliferation in 80 IU group
significantly decreased compared with the con-
trol group (P < 0.05). This study suggests that
dietary VE may affect intestinal morphology
and functions by inhibiting weaned piglet jeju-
nal epithelial cell proliferation.
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INTRODUCTION

Weaning stress, in postweaning piglets, often
leads to intestinal morphological changes, such as
villus atrophy and crypt hyperplasia. These result
from intestinal epithelial cell physiological changes
that trigger reductions in digestive and absorptive
capacities and decreased feed intake (Yang et al.,
2013a, b, 2016a; Xiong et al., 2015). Inflammation
and oxidative stress may also occur (Bomba et al.,
2014; Buchet et al., 2017). In the piglet, the concen-
tration of some essential nutrients, such as vitamin
E (VE), suffering a decline after weaning (Chung
et al., 1992).

VE is a common antioxidant used to alle-
viate oxidative stress and inflammation dur-
ing pig production (NRC, 2012). In vivo and in
vitro VE research has, for decades, focused the
anti-oxidation effects that have been demon-
strated in human blood plasma and many cell
types (Burton et al., 1982; Galli et al., 2017).
D-a-Tocopherol polyethylene glycol 1000 suc-
cinate, a water-soluble form of VE has been
widely used as a pharmaceutical excipient and
absorption enhancer. It has been demonstrated
to promote intestinal epithelial cell chylomi-
cron secretion (Fan et al., 2013). a-Tocopherol
deficiencies affect intestinal transport and the
passive absorption of phenolsulfonphthalein
and barbital (Meshali et al., 1976). These long-
known effects of VE on intestinal functions and
more recent studies tending to demonstrate that
VE inhibits the in vitro proliferation of various
cells (Zhang et al., 2001; Kempna et al., 2004;
Olguin-Martinez et al., 2013) suggested a study
of whether, how, and to what extent VE might
influence intestinal epithelial cells proliferation
in constituting intestinal mucosa, and majorly
function as nutrient-absorption (Barker, 2014).

Little research has focused on the role of VE
in intestinal absorption and digestion function,
intestinal epithelial cells, or weaned piglets. It was
surmised that VE may affect intestinal function by
influencing intestinal epithelial cell proliferation.
This study reports the effects of different dosages
of a-tocopherol, the primary form of human and
swine VE intake (Heinonen and Piironen, 1991;
NRC, 2012), on weaned piglets growth perfor-
mance. The dosages of a-tocopherol are based on
a weaned piglet basal diet (NRC, 2012). Selected
blood biochemical indices, morphology, diges-
tive enzyme activities, nutrient transporters gene
expressions, and jejunal epithelial cell proliferation
were also measured.
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MATERIALS AND METHODS

All the procedures were approved by the Animal
Care and Use Committee of Hunan Normal
University, Changsha City, Hunan, China.

Treatments

Thirty 21-d-old [(Yorkshire X Landrace) X
Duroc] weaned piglets with a 6.36 £ 0.55kg average
BW were randomly assigned to one of five possible
treatments. Each treatment consisted of basal diet
supplemented with either (i) 0 TU (control), (ii) 16
IU, (iii) 32 TU, (iv) 80 IU, and (v) 5. 160 IU of VE
(Royal DSM NV, Shanghai, China). These levels
corresponded to 0, 100, 200, 500, and 1,000% doses
of VE, respectively, that the NRC (2012) recom-
mends. The dietary-formula (Table 1) met nutrient
specifications for 7-11 kg BW piglets. Piglets were
individually housed and had free access to food and
water throughout the duration of the study. Piglets
were monitored for illness or abnormal behavior.
ADG, ADFI, and ADG:ADFI (G:F) were calcu-
lated to evaluate growth performance as the previ-
ously described (Yin et al., 2001).

Sample Treatment and Collection

At the end of the 14-d treatment, blood samples
were obtained from the jugular vein at the moment
of sacrifice. Blood (10 mL each piglet) was allowed
to clot for 10 hr at 4 °C in normal vacutainer.
Serum was harvested after centrifugation (3,000 X
g, 10 min). Serum was stored at —80 °C prior blood
biochemical analysis determination. The intestines
were removed aseptically. Sections, ~2 cm long of
the duodenum, the middle jejunum, and the ileum
were collected and preserved in a 4% neutral-buff-
ered formalin solution. Preservation time is no
longer than 7 d before treatment. The duodenum is
defined as the portion of duodenal loop. The jeju-
num is the section between the duodenum and the
ileum. Mid-jejunum mucosa collected and stored at
—80 °C until being measured (Yan et al., 2018).

Blood Biochemical Analysis

The serum was thawed on ice and then centri-
fuged at 3,000 X rpm for 10 min under 4 °C. The listed
indices were obtained from bloody serum : total pro-
tein (TP) content, alanine aminotransferase (ALT),
aspartate transaminase (AST), blood urea nitrogen
(BUN), blood glucose (GLU), triglyceride (TG),
blood cholesterol (CHOL), high-density lipoprotein
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Table 1. Ingredient and chemical composition of piglet diets, as fed basis

Dietary vitamin E, TU

Item 0 16 32 80 160

Ingredient, %
Corn 42.85 42.85 42.85 42.85 42.85
Extruded corn 20 20 20 20 20
Soybean meal 10 10 10 10 10
Soy protein concentrate 2.88 2.88 2.88 2.88 2.88
Whey powder 10 10 10 10 10
Fish meal 3 3 3 3 3
Spray-dried porcine plasma 5 5 5 5 5
L-Lys 0.55 0.55 0.55 0.55 0.55
DL-Met 0.12 0.12 0.12 0.12 0.12
L-Thr 0.13 0.13 0.13 0.13 0.13
L-Try 0.04 0.04 0.04 0.04 0.04
Soybean oil 2.55 2.55 2.55 2.55 2.55
Limestone 1.08 1.08 1.08 1.08 1.08
Dicalcium phosphate 0.7 0.7 0.7 0.7 0.7
Choline chloride 0.1 0.1 0.1 0.1 0.1
Antioxidants 0.05 0.05 0.05 0.05 0.05
Citric acid 0.3 0.3 0.3 0.3 0.3
Mineral premixa® 0.15 0.15 0.15 0.15 0.15
Vitamin premixa® 0.5 0.5 0.5 0.5 0.5
Total 100 100 100 100 100

Calculated composition
CP, % 18 18 18 18 18
ME, kcal/kg 3,400 3,400 3,400 3,400 3,400
Ca, % 0.8 0.8 0.8 0.8 0.8
Available P, % 0.36 0.36 0.36 0.36 0.36
Lys, % 1.35 1.35 1.35 1.35 1.35
Met,* % 0.39 0.39 0.39 0.39 0.39
SAA % 0.74 0.74 0.74 0.74 0.74
Thr,* % 0.79 0.79 0.79 0.79 0.79
Trp,© % 0.22 0.22 0.22 0.22 0.22

“Mineral premix per kilogram of feed: 150 mg Fe (FeSO,), 100 mg Zn (ZnSO,), 30 mg Mn (MnSO,), 25 mg Cu (CuSO,), 0.5 mg I (KIO,), 0.3 mg

Co (CoS0,), and 0.3 mg Se (Na,SeO,).

®Vitamin premix supplied per kilogram of feed: 2,200 1U vitamin VA, 220 IU vitamin D3, 0.5 mg vitamin K3, 17.5 pg vitamin B12, 3.5 mg
riboflavin, 30 mg niacin, 10 mg p-pantothenic acid, 0.05 mg biotin, 0.3 mg folic acid, 1.0 mg thiamine, 7 mg pyridoxine, and 4.0 mg ethoxyquin.

‘Standardized ileal digestible.
ISAA = Met +Cys.

cholesterol (HDL), low-density lipoprotein choles-
terol (LDL-C3), blood ammonia (NH3L), immu-
noglobin M (IgM), and serum oxygen (O2) using
commercial kits in accordance with manufacturer
instructions (Jiancheng Bioengineering Institute,
Nanjing, China) and where identified using a
TBA-120FR Automatic Biochemistry Radiometer
(Hitachi Co., Tokyo, Japan).

Intestinal Histomorphology

Specimens of cross-sections of three intestinal
segments identified above were embedded in low-
melt paraffin wax and cut into 4-um thick histologi-
cal sections for hematoxylin and eosin staining. The
tissue sections were measured under a microscope

using a 40X combined magnification, and an image
processing and analysis system (Version 1, Leica
Imaging Systems Ltd., Cambridge, UK). Program
Image-pro Plus 6.0 determined villus height (VH),
villus width (VW), crypt depth (CD), and VH/CD
ratio (VH:CD) of the small intestine. At least 20
villous with intact lamina propria of each sample
were blindly selected and examined for measure-
ment as previously described. The VH and CD
mean for each section was calculated.

Digestive Enzyme Activity Assays

Jejunal mucosal tissue samples were homogenized
in saline, and centrifuged (2,500 X g,4 °C, 10 min) to pro-
duce the supernatant. The enzyme sucrase-isomaltase
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Table 2. Primers used for real-time PCR analysis
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Genes Primers Primers sequences (5" to 3") Size, bp

SLCIAI Forward GGCACCGCACTCTACGAAGCA 177
Reverse GCCCACGGCACTTAGCACGA

SLC5A41 Forward GTGCAGTCAGCACAAAGTGG 127
Reverse AGGCTCCCTCCTCATTGACT

SLC6A19 Forward TCTGTCCACAACAACTGCGAG 206
Reverse CAGCGAAGTTCTCCTGCGTC

SLC7A49 Forward GAACCCAAGACCACAAATC 180
Reverse ACCCAGTGTCGCAAGAAT

SLCI5A1 Forward CATCGCCATACCCTTCTG 144
Reverse TTCCCATCCATCGTGACATT

B-actin Forward AGTTGAAGGTGGTCTCGTGG 215
Reverse TGCGGGACATCAAGGAGAAG

(SI), glucoamylase-maltase (MGAM), lactase-phlor-
izin hydrolase (LPH), and alkaline phosphatase (IAP)
enzyme activities were analyzed using commercial kits
(Jiancheng Bioengineering Institute, Nanjing, China)
and Synergy HTX Multi-Mode Microplate Reader
(BioTek, VT) following the manufacturer’s instructions.

Real-Time Quantitative

Jejunal and ileal samples total RNA were iso-
lated from liquid nitrogen frozen and ground tissues
using TRIZOL regent (TaKaRa, Dalian, China) and
then treated with DNase I (TaKaRa, Dalian, China)
to remove trace DNA. Reverse transcription was
conducted at 37 °C for 15 min and at 95 °C for 5 s.
Primers used in this study were designed via Primer
5.0 for solute carrier family 1 member 1 (SLCIAI),
solute carrier family 5 member 1 (SLC5A1), solute
carrier family 6 member 19 (SLC6A19), solute car-
rier family 7 member 9 (SLC7A49), and solute carrier
family 15 member 1 (SLCI5A41) according to pig
gene sequence (Table 2). After cDNA quantities were
determined using a spectrophotometer (NanoDrop
ND-1000; Thermo Fisher Scientific, DE), real-time
quantitative PCR analyses were performed (ABI
7900HT Fast Real-Time PCR System; Applied
Biosystems, Carlsbad, CA) using a final volume
of 10 pL. After predenaturation (10 s at 94 °C), 36
cycles of amplification were conducted. Each cycle
consisted of 72 °C for 35 s and 60 °C for 30 s, then,
followed by a melting curve program (60-99 °C using
a heating rate of 0.1 °C/s and fluorescence measure-
ment). In each sample, the amplification of B-actin
was used to normalize the expression of other genes.
No difference in cycle threshold (Ct) values was
observed between the control and the VE-treated
piglets. Target gene mRNA expression abundance
(A) was calculated as 4 = 2 AACttrat—controh, _AACt
(treat — control) = (Ct selected gene — Ct [3-actin)
treat — (Ct selected gene — Ct B-actin) control. Target

mRNA and B-actin mRNA were amplified at com-
parable efficiencies. cDNA was replaced by water
for the negative controls. This method is the method

described by Yang et al. (2016b, 2016¢).

Immunohistochemistry

Four micrometers tissue sections were cut from
paraffin-embedded samples and placed on poly-
lysine-coated glass slides for immunohistochem-
istry. The samples were firstly deparaffinized in
xylene twice for 10 min (one change). They were
then rehydrated in a descending ethanol series,
beginning with 100% ethanol, descending through
95-85% and finally to 70% ethanol, at 5 min inter-
vals. Rehydration took 25 min altogether. The
sections were then washed in PBS three times for
5 min each time. The samples were then microwave
heated twice in an aqueous sodium citrate solution
for 5 min each time to retrieve antigen epitopes.
The sections were then thrice washed in PBS buffer
for 10 min each time. Endogenous peroxidase was
blocked in 3% hydrogen peroxidase for 30 min.
The sections were then washed in PBS for 15 min
and incubated in diluted bovine serum albumin in
a moist chamber at room temperature for 30 min.
They were incubated in a moist chamber with the
following primary antibody: anti-Ki-67 (Abcam,
Cambridge, UK, dilution 1:400; incubation 60 min).
The sections were then thrice washed in PBS and
treated with a secondary antibody (zsbio, Beijing,
China) at room temperature to bind the primary
antibody (zsbio, Beijing, China). Peroxidase activ-
ity was visualized via a brown reaction product by
immersing the tissue sections in diaminobenzidine
(zsbio, Beijing, China). The sections were counter-
stained with Mayer’s hematoxylin and coverslipped.
Normal pig small intestine sections served as posi-
tive control for anti-Ki-67 and secondary antibod-
ies. As negative control, the samples were treated as
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described above, except that the primary antibody
was replaced with a solution of bovine serum albu-
min in PBS. Brown cells and total cells for at least
30 crypts of each section were counted, and the
ratio of brown cells/total cells was calculated.

Statistical Analysis

Growth performance data analysis, blood
biochemical analysis, and histomorphology were
performed by an ANOVA with polynomial con-
trasts using the GLM program of SAS Institute
(2000). Contrasts between treatments means, spe-
cifically results of digestive enzyme activity results,
immunohistochemistry, and real-time quantitative
expressions were evaluated using Student’s z-test.
Data are presented as means, and P < 0.05 was con-
sidered statically significant and 0.05 < P < 0.1 was
considered as tending towards significance.

RESULTS

Growth Performance and Blood Biochemical
Analysis

Dietary a-tocopherol at different concentra-
tions did not significantly affect ADG, ADFI, or
G:F in weaned piglets. The 80 IU VE group had the
greatest daily weight gain and greatest average daily
feed intake of the five treatments (Table 3). G:F
ratios were lower in the 15 and 80 IU VE groups
than for control (Table 3). Blood biochemical
parameters values demonstrated that adding in the
321U VE group, ALT was greater (linear, P =0.039,
quadratic, P = 0.092) than the other groups which
had unchanged values (Table 4). A difference was
observed between the 32 IU group and control with
respect to IgM (linear, P = 0.032; Table 4).

Intestinal Histomorphology and
Immunohistochemistry

CD, the calculated mean value (linear,
P = 0.056), and VW (linear, P = 0.011) revealed
a significant difference between control and other

Chen et al.

groups in the jejunum (Table 5). No statistical
difference was observed for the duodenum or the
ileum. Mean value of VH, CD, and VW duodenal
values was greater in the 80 IU group than them
control (Table 5). Ileal VH and CD values were
lower for the 80 IU VE group than control (Table
5). Ki-67 data for 80 IU VE and control group
appear in Figure 1. Jejunal brown cells/total cells
significantly decreased in the 80 IU group than in
control (P < 0.05). No affect was manifested for
the ileum, the number of proliferation cells and the
total cells in group 80 IU VE were slightly reduced
compared to control group (Figure 1).

Digestive Enzyme Activity and Intestinal Mucosal
mRNA Expression

Jejunal mucosa disaccharides enzyme and IAP
activities of the groups appear in Table 6. Jejunal
mucosa SI activity was lower in the 80 U VE
group compared with control (P = 0.042; Table 6).
It tended to decrease MGAM activity (P <0.1) and
IAP (P < 0.1) while not significantly influencing
LPH activity (Table 6). SI activity fell to 4.115U/
mgprot in the 80 TU group (Table 6). There were
no differences in jejunal mucosal gene expression
of acidic AA transporter SLCI A1, glucose trans-
porter SLC5A1, neutral AA transporter SLC6A419,
cationic and neutral AA transporter SLC7A49, and
peptides transporter SLCI5A1 between the 0 TU
group and the 80 IU group (Figure 2). Except for
gene SLC5A1 and SLC6A19, all other gene expres-
sions were greater in the 80 U group than in con-
trol (Figure 2).

DISCUSSION

This study investigated the effects of VE as a
dietary supplement on small intestine functions
especially on intestinal epithelial cells. There will,
inevitably, be a correspondence between diet and
intestinal epithelial cell performance because
intestinal lumen epithelial cells perform digestion
and absorption. Diet is a prime factor regulating
weaned piglets small intestine growth and matura-
tion (Cera et al., 1988). The present study suggests

Table 3. Weaning piglets growth performance under varying vitamin E (VE) dosages!

Dietary VE, TU P-value
Items Control 16 32 80 160 Linear Quadratic
ADG, g 259.52£21.0 247.62 £24.37 259.52 £ 18.6 271.43 £24.47 233.33 +£20.76 1.000 0.662
ADFI, g 420.93 + 23.86 430.7 £ 27.11 394.19 £ 32.51 459.32 +45.57 363.17 £22.62 0.553 0.554
G:F, g/g 0.62 £0.03 0.57 £0.041 0.67 £0.03 0.60 £ 0.04 0.65 +0.06 0.497 0.162

'Values are expressed as mean * SEM, n = 6.



Vitamin E in intestine of weaned piglets

1217

Table 4. Effects on blood biochemical parameters of weaning piglets fed differencing vitamin E (VE)!

Dietary VE, IU P-value
Items?® Control 16 32 80 160 Linear Quadratic
TP, IU/L 53.15+1.84 50.83 + 1.41 52.57£0.83 5343+ 1.6 50.02 £ 0.33 0.758 0.223
ALT, IU/L 21.68 +1.83 20.33 £ 1.25 28.5+3.48 2293+ 1.79 21.24 +2.11 0.039 0.092
AST, TU/L 54.17 £10.82 52.5+6.15 83 +22.36 47.67 + 5.51 37.17 £3.48 0.477 0.545
BUN, mmol/L 3.07%£0.3 3.03+0.38 3.52+0.29 332403 3.33+£0.2 0.298 0.487
GLU, mmol/L 478 +0.2 445+0.2 5.33+03 4.68 +0.39 4.42+0.42 0.227 0.126
TG, mmol/L 0.37 £ 0.04 0.45+0.06 0.38 +0.04 0.42 +0.05 0.38 £ 0.04 0.855 0.186
CHOL, mmol/L 1.82+0.12 2.02+0.26 1.99 +0.16 2.03+0.29 1.86 0.1 0.551 0.647
HDL, mmol/L 0.75 +0.08 0.78 £ 0.12 0.91 £ 0.09 0.85+0.12 0.81 +£0.07 0.231 0.654
LDL-C, mmol/L 0.99 +0.06 1.13+0.16 1.02 +0.09 1.11 £0.12 0.99 +0.07 0.861 0.407
NH,L, umol/L 392.85+ 15 381.9 £ 22.51 391.47 £ 13.87 389.83 £ 9.34 382.88 + 32.31 0.962 0.683
IgM, mL 0.48 £ 0.03 0.46 +0.05 0.35+0.03 0.43 +0.08 0.43 +£0.04 0.032 0.365
0?2, mmol/L 2+0.29 1.4+0.25 1.6 £0.28 1.4+0.13 1.6 £0.16 0.23 0.168

"Values are expressed as mean = SEM, n = 6

aTP = total protein; ALT = alanine aminotransferase; AST = aspartate transaminase; BUN = urea nitrogen; GLU = glucose; TG = triglyceride;
CHOL = cholesterol; HDL = high-density lipoprotein cholesterol; LDL-C3 = low-density lipoprotein cholesterol; NH3L = blood ammonia;

IgM = immunoglobin M; and O2 = serum oxygen.

Table 5. Effects of dietary vitamin E (VE) on weaning piglet intestinal ileal, jejunal, and duodenal

histomorphology!
Dietary VE, IU P-value
Items Control 16 32 80 160 Linear Quadratic
Duodenum
Villus height, pm 301.0 = 18.26 324.8 £ 35.62 371.19 + 36.82 365.06 £ 15.51 305.29 + 34.41 0.106 0.758
Crypt depth, pm 323.58 £ 16.04 347.1 £41.35 343.39 + 26.08 37247 £22.78 287.24 +23.68 0.613 0.687
Villus Width, um  146.21 +8.57 153.02 £9.55 153.24 £7.22 166.70 = 8.24 146.18 +5.38 0.536 0.737
VH: CD?, pm:pm 1.01 +0.08 1.09 +0.19 1.16 £ 0.12 1.03+0.12 1.16 +0.03 0.412 0.999
Jejunum
Villus height, pm  332.12 £ 22.19 323.11 £ 11.7 309.06 * 20.30 363.18 £ 41.52 294.84 +17.33 0.516 0.934
Crypt depth, um ~ 287.24 £ 12.13 254.42 +8.74 254.28 +12.28 235.51 £10.54 258.41 £ 13.73 0.056 0.261
Villus Width, um  136.24 £2.97 120.62 + 6.47 116.26 + 5.39 118.12 £3.27 121.48 + 6.55 0.011 0.382
VH: CD?, pm:pm 1.24 +0.10 1.28 +0.05 1.3+£0.12 1.67+0.25 1.24+0.13 0.775 0.941
Ileum
Villus height, pm  354.97 +20.5 353.34 £ 27.44 343.49 £ 17.41 327.79 £ 26.54 374.38 £ 10.0 0.707 0.876
Crypt depth, um  232.36 £ 11.6 220.31 £ 13.74 218.51 £12.29 223.92+17.0 215.98 £ 3.41 0.439 0.74
Villus Width, um  125.50 * 3.67 129.01 £ 4.16 127.04 £ 2.81 131.80 +4.13 133.75 £ 3.61 0.773 0.552
VH: CD?, pm:pm 1.70 £ 0.16 1.77+0.19 1.71 £0.12 1.65+0.23 1.84 +0.07 0.983 0.751

'Values are expressed as mean * SEM, n = 6.
4“VH: CD = villus height: crypt depth.

that VE, in the diet, affects jejunal histomorphol-
ogy by inhibiting weaned piglet jejunal intestinal
epithelial cells proliferation. The effect occurs even
while growth performance is not influenced. Some
blood biochemical parameters and main nutrients
transporters gene expression may not be affected.
These findings indicate that dietary supplying with
VE may affect weaned piglet small intestine absorp-
tive and digestive functions.

Weaning stress causes several undesirable
phenomena. Weaning is related to reduced feed
consumption and nutrients intake (Miller et al.,
1986; Yang et al., 2003b). Expecting better growth

performance during pig production is reasonable.
Previous studies of various VE forms (natural or
synthetic), supply routes (drinking water, feed or
injection), weaning ages or weight, or postwean-
ing processing periods within nursery period when
taken with our study indicates that VE appears
to have no effect on growth performance in post-
weaning piglets (Peplowski et al., 1980; Chung
et al., 1992; Ching et al., 2002; Moreira et al., 2002;
Wilburn et al., 2007). However, supplying VE at
the 80 IU level into feed seems to trigger a slight
increase of indicators of growth performance, such
as ADG, ADFI, and G:F. Studies of sows showed
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Figure 1. Intestinal epithelial cell proliferation within weaning piglets jejunal and ileal crypts fed 80 and 0 IU vitamin E (VE). * indicates statis-

tical significance (P < 0.05). Data expressed as means + SEM; n = 6.

Table 6. Disaccharide enzyme and ALP activity in jejunal mucosa of 80 IU control groups'

Dietary treatments

Items Control 80 IU VE P-value
Sucrase—-isomaltase, U/mg of protein 18.63 £ 5.46 4.12+1.18 0.042
Lactase—phlorizin hydrolase, U/mg of protein 474 +1.32 3.86 £0.84 0.603
Glucoamylase-maltase, U/mg of protein 42,15+ 11.76 17.61 £2.92 0.097
Intestinal alkaline phosphatase, U/mg of protein 119.70 £ 25.72 66.18 £ 5.40 0.097

"Values are expressed as mean = SEM, n = 6

that significant performance improvements hap-
pened frequently in grow-finishing pigs (Niculita
et al., 2007; Lu et al., 2014). One may speculate
longer experiments while supplying proper amount
of VE, until the end of grower I period, or using
growing or grow-finishing pigs as subjects may
obtain better growth performances.

The greatest amount of blood ALT and the
lowest amount of IgM were detected in the 32 TU
group. High concentrations of AST and ALT in
the bloody serum are considered biomarkers liver
and the hepatic cells damages. In this case, per-
haps caused by weaning stress, and indicating that
adding 32 TU does not meet the real demands of
weaning piglets against weaning stress (Knudsen
et al., 2016). Further studies are required to deter-
mine the changes and mechanism within weaning
piglet serum and liver function. Immunoglobin M,
a vertebrate antibody with the largest molecular
weight, was measured by other teams interested in
intestinal immune functions during weaning stress.
A large number of experiments on weaning stress or
other types of stress returned the same trend which
is a decrease in IgM concentrations between control

groups and treated groups (Blecha et al., 1981;
Capolunghi et al., 2013; Ren et al., 2015). This may
indicate that VE may ameliorate weaning stress.

Intestinal function is closely linked to intestinal
histomorphology. Weaned piglets show a highly
significant increase in CD and a dramatic reduction
in VH (Hampson, 1986), suggesting the negative
impact of weaning stress. Villus height increase has
been generally believed to be from increased sur-
face area capable of greater absorption of available
nutrients. Deeper crypts indicate a rapid cell turn-
over in the villus renewal. In this study, jejunal CD
significantly decreased and jejunal VH increased in
the control group and the 80 IU VE group. Jejunal
VW decreased.

Supplying VE at the 80 IU level amelio-
rates weaning stress effect. Significant decreases
of CD and VW was only present in the jejunum.
Immunohistochemistry Ki-67 was used to uncover
possible explanations. Intestinal epithelial cell pro-
liferation has recently been showed to have a posi-
tive connection with VH and CD in weaning piglets
(Wang et al., 2018). Previous research suggests that
VE dosages, within a certain range, inhibit different
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Figure 2. Real-time quantitative expression of nutritional trans-
porters expressed in jejunum mucosal 0 IU vitamin E (VE) and 80 IU
VE groups. mRNA expression levels of SLCI1A41, SLC5A41, SLC6A419,
SLC7A49, and SLCI5A41 were normalized using (3-actin as an inter-
nal control. P-value < 0.05 indicates statistical significance. Data are
expressed as means * SEM; n = 6.

cell type proliferation (Zhanget al., 2001; Tappeiner
et al., 2010). No researches illustrate a relationship
between VE and jejunal epithelial cell production.

Small intestine epithelial cells constitute up to
90% of all cells within the crypts are an even greater
proportion of cells in the villi (Chen et al., 2018).
This quantity is their importance as they perform the
main function of the intestine which is absorption
and digestion. Small intestine epithelial cells may
be biomarker to reflect intestinal function. Nutrient
metabolism is changed in small intestine epithelial
cells during renewal along crypt-villus axis, and
the renewal process is affected by diet (Yang et al.,
2016¢, d; Yan et al., 2018). In the present study, die-
tary VE inhibits proliferation of epithelial cells in
the jejunum, but not in the ileum. This suggests that
jejunal and ileal cells have significantly different
phenotypes and functions (Lindholm-Perry et al.,
2016). Further studies are required to understand
these differences. Simple location may affect perfor-
mance that food carrying nutrients including VE is
largely absorbed in jejunal lumen. This left less VE
for ileal cells with the resulting effect.

This study suggests that disaccharides enzyme
activity and IAP activity is inhibited except for LPH
when 80 IU dietary VE is added. Enzyme SI and
MGAM are mainly responsible for sugar source nu-
trients hydrolysis and digestion (Lin et al., 2012).
Weaning-induced problems are caused by intestinal
structure changes and decreased digestive enzymes
activity (Miller, 1986). Intestinal structure correl-
ates to digestive enzymes alteration. Enzyme SI ac-
tivity reduction compared with control and treated
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groups conflicted with the intestinal structure. It
may be associated with an unknown SI character-
istic. Enzyme SI sorting is closely related to sphingo-
lipid- and cholesterol-rich membrane rafts (Alfalah
et al., 1999). Therefore, by impeding 7-ketocholes-
terol incorporation into sphingolipid or cholester-
ol-enriched domains (Royer et al., 2009), dietary VE
may depress SI activity. There is a basis to specu-
late that changing a-tocopherol dietary concentra-
tion within a specific range may improve SI enzyme
activities. There is evidence, indicating that the SI
enzyme activity reduction caused by VE lessened in-
testinal damage (Anwar et al., 2013).

Enzyme MGAM, as an exoamylase, catalyzes
maltose and maltooligosaccharides hydrolysis
(Norén, 1986). Both enzymes SI and MGAM dem-
onstrate primarily hydrolytic activity on the a-1,4
linkages. Enzyme SI hydrolytic activity is also on
the a-1,6 linkages (Nichols et al., 2003). Thus,
MGAM shows the same trend of enzyme activity
as does SI. Enzyme LPH mean values were greater
for the control group, except for the 80 TU group
which showed a tiny decrease. These results are
similar to a prior study showing that VE lessened
intestinal damage (Anwar et al., 2013). Enzyme
IAP has been regarded as an enterocyte differenti-
ation marker and a key marker enzyme for small in-
testine digestion and absorption functions changes
(Hodin et al., 1995). It is expressed and secreted by
intestinal epithelial cells and is active in mucosal
and intestinal lumen (Alpers et al., 1994; Lallgs,
2010). Enzyme IAP results indicate that dietary VE
may inhibit differentiation. Cell differentiation and
proliferation are almost always studied together
as they are phenomenon regulated by similar fac-
tors, such as crosstalk and cooperation of signal-
ing pathways, nutrients changes and environment.
Some research has shown that nonspecific tissue
alkaline phosphatase knockdown impairs neural
stem cell proliferation and differentiation (Kermer
etal., 2010). This supports the conclusion of a rela-
tionship between this enzyme and differentiation as
well as proliferation. Further research is needed to
establish any connection. No statistical difference
was observed between intestinal mRNA expression
transporter groups, such as main sugar and AAs
transporters, which suggests that sugar and AA
transportation is unchanged (Chen et al., 2018).

In conclusion, this study suggests that VE
may affect intestinal morphology and function by
inhibiting weaned piglet intestinal epithelial cell
proliferation. These findings suggest that proper
supplement of VE may ameliorate weaning stress
for postweaned piglets.
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