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Background/purpose: Total parenteral nutrition (TPN)has been reported to be associatedwithmucosal atrophy of
the small intestine. Ghrelin has hormonal, orexigenic, and metabolic activities. We investigated whether ghrelin
improved intestinal mucosal atrophy using a TPN-supported rat model.
Methods: Rats underwent jugular vein catheterization and were divided into four groups: TPN alone (TPN), TPN
plus low-dose ghrelin (TPNLG), TPN plus high-dose ghrelin (TPNHG), and oral feeding with normal chow (OF).
Ghrelin was administered continuously at dosages of 10 or 50 μg/kg/day. On day 6 rats were euthanized, and the
small intestine was harvested and divided into the jejunum and ileum. Then the villus height (VH) and crypt

depth (CD) were evaluated.
Results: The jejunal and ileal VH and CD in the TPN group were significantly decreased compared with those in
the OF group. TPNHG improved only VH of the jejunum. TPNLG improved VH and CD of the jejunum and CD of
the ileum. The improvement of TPNLG was significantly stronger than that in CD of the jejunum and ileum.
Conclusions: TPNwasmore strongly associatedwithmucosal atrophy in the jejunum than in the ileum. Low-dose
intravenous administration of ghrelin improved TPN-associated intestinalmucosal atrophymore effectively than
high-dose administration.

© 2016 Published by Elsevier Inc.
Total parenteral nutrition (TPN) provides crucial therapeutic sup-
port for patients with gastrointestinal disorders, such as short bowel
syndrome owing to malrotation with midgut volvulus, necrotizing en-
terocolitis, gastroschisis and inflammatory bowel disease. However,
long-term TPN leads to intestinal mucosal atrophy because of the loss
of luminal nutrient stimulation, which is provided by food [1,2]. The
lack of luminal nutrient stimulation strongly promotes intestinal barrier
dysfunction and bacterial translocation [3] and contributes to an
increase in the risk of infectious complications, including catheter-
related blood stream infections (CRBSIs) [4]. Because CRBSIs are life-
threatening, the development of an efficient therapeutic strategy to im-
prove TPN associated intestinal mucosal atrophy would be pivotal.
Previous studies have demonstrated that several growth factors, includ-
ing keratinocyte growth factor [5], epidermal growth factor [6],
glucagon-like peptide-2 [7,8], insulin like growth factor-1 (IGF-1) [9]
and GH [10], might improve TPN associated intestinal mucosal atrophy
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by augmenting crypt cell proliferation.We have focused on the ghrelin,
which has a strong effect on the secretion of growth hormone and
IGF-1 [11,12].

Ghrelin is a 28-amino acid peptide with an n-octanoylation modifi-
cation on serine 3, which is produced mainly by the X/A-like endocrine
cells, which are located in the gastric body. Ghrelin has a vast range of
physiological functions, including orexigenic, metabolic and hormonal
functions [13].

Recent studies have suggested the involvement of ghrelin in patho-
logical gastrointestinal conditions and immune system regulation
[14,15].We therefore hypothesized that ghrelinmight have a therapeu-
tic potential in TPN associated intestinalmucosal atrophy. In the present
study,we investigated the effects of ghrelin administration on TPN asso-
ciated intestinal mucosal atrophy in a rat model.

1. Materials and methods

1.1. Animals

Seven-week-old male Sprague–Dawley (SD) rats of 200 to 240 g in
bodyweight (Kyudo Co., Ltd., Saga, Japan)were used in this experiment.
The animals were individually housed in metabolic caging with ad
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libitumaccess to standard rat chow andwater, andwere acclimatized to
their environment for 7 days before the experiments. The animals were
maintained under standardized temperature (23 °C ± 1 °C), humidity
(50 ± 10%), and a 12-h light–dark cycle (lights on at 7:00 a.m.). All of
the experimental procedures were approved by the Laboratory Animal
Committees of Kagoshima University Graduate School and were
performed in accordance with the “Guidelines for the Care and Use of
Laboratory Animals.”

1.2. Study design

The animals were fasted overnight. After the placement of a central
venous catheter, they were randomly assigned to one of the following
four treatment groups (n = 10 in every group): TPN-alone (TPN), TPN
plus low-dose ghrelin (TPNLG) (10 μg/kg/day; continuous infusion),
TPN plus high-dose ghrelin (TPNHG) (50 μg/kg/day; continuous
infusion), and oral feeding with ad libitum access to normal chow plus
vehicle (OF). Ghrelin (Peptide Institute Inc., Osaka, Japan)was dissolved
in distilledwater and administered intravenously. On day 6, the animals
were anesthetized, weighed, and sacrificed. The gross intestinal mor-
phology was assessed and tissue was harvested for the subsequent
analyses.

1.3. The surgical procedure and maintenance methods

The animals were anesthetized with isoflurane (1.5% inhalation by
mask), and an intravenous catheter was inserted into the right jugular
vein. A Silastic catheter (outside diameter, 1.2 mm: NIPRO Co., Ltd.,
Osaka, Japan) was tunneled out of the back and attached to a standard
swivel device (LOMIR BIOMEDICAL INC., Quebec, Canada). The proce-
dures were performed with the aid of an operating microscope. All of
the animals received cefazolin (50 mg/kg per dose subcutaneously;
Otsuka Pharmaceutical Factory, Inc., Tokushima, Japan) to prevent post-
operative infection and buprenorphine (0.01 mg/kg per dose subcuta-
neously; Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan) for analgesia.
The animals were allowed ad libitum access to water immediately
after surgery. TPN was delivered by a multichannel syringe pump
(KDS Legato 200 Series Syringe Pump Series, KD Scientific, Inc.,
Holliston, MA, USA). After catheterization, the animals of the OF group
were maintained with saline (60 ml/day; OTSUKA NORMAL SALINE:
Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan) and the animals of the
other three groups were maintained with low-concentration
NEOPAREN® No. 2 (Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan) TPN
solution (60 ml/day); into which 20% Intralipos® (Otsuka Pharmaceuti-
cal Co., Ltd., Tokyo, Japan) was added. The composition of the TPN solu-
tion was as follows (in g/L): amino acids 25, dextrose 145, and soy bean
oil 33.3. The solution also contained the following electrolytes (final
mmol/L): 41.6 Na+, 22.5 K+, 41.6 Cl−, 4.1 Ca2+ and 4.1 Mg2+. After
24 h the composition of the TPN solution was switched to amino acids
31.6, glucose 203, and soy bean oil 33.3 with similar electrolyte addi-
tives. The TPN solution was delivered at the rate of 60ml/day. This pro-
vided equivalent isocaloric/isonitrogenous nutritional support to all of
the TPN-fed animals, consisting of 76.4 kcal/rat/day (1.9 g protein, 2.0
g fat, and 12.2 g carbohydrate).

1.4. The gross intestinal morphology and histology

The rats were anesthetized by isoflurane inhalation after an over-
night fasting. On day 6, blood was obtained from the heart then imme-
diately centrifuged at 1500×g for 15 min at 4 °C. All of the plasma
samples were stored at−80 °C until use. After the collection of blood,
the animals were euthanized by exsanguination. The total small intes-
tine was harvested for the gross and microscopic morphological analy-
ses. The mesentery was removed, and the total length of the small
bowel was measured from the ligament of Treitz to the ileocecal valve
along the antimesenteric border. The harvested small intestine was
quickly opened along the mesenteric border, rinsed in cold saline, and
weighed. The bowel width was measured at the middle point of the
opened jejunum and ileum. Samples for the microscopic analysis were
harvested from the jejunum (2.5 cm below the ligament of Treitz),
and the distal ileum (2.5 cm above the ileocecal valve) and fixed in a
10% formaldehyde neutral buffer solution for 24 h. Paraffin sections of
formalin-fixed tissue were cut at a thickness of 3 μm and stained with
hematoxylin and eosin. For each sample slide, microscopic measure-
ments of the villus height, villus width, crypt depth, muscle layer
thickness, and the number of villi per 1 mm were recorded from
10 well-oriented villi/crypt units. The quantification was performed
with the help of an expert pathologist. The absorptive mucosal surface
area per 1 cm2 of intestine was calculated using previously described
methods. Briefly, the mucosal surface area was calculated by first con-
sidering the intestine as a cylinder and then multiplying the additional
mucosal surface area contributed by the villi, with each villus consid-
ered as a cone [16].

1.5. Crypt cell proliferation

The crypt cell proliferation rate (CCPR) was quantified by immuno-
histochemistry using Ki67 as a marker of active cell division, as previ-
ously described [17]. In brief, antigen retrieval was performed by
boiling the tissue sections in 0.01 M citrate buffer at pH 6. After the
blocking of endogenous peroxidase activity and nonspecific antigen
binding, the tissue sections were incubated with anti-histone Ki-67
overnight in amoist chamber. The appropriate dilution of Ki67 (Cell Sig-
naling Technology, Inc., USA)was 1:400. After washing in Tris buffer sa-
line, the tissue sections were incubated with universal secondary
antibody (Signal Stain® Boost IHC Detection Reagent, Cell Signaling
Technology, Inc., USA). Immune detection was performed using diami-
nobenzidine as chromogen and hydrogen peroxidubstrate, followed
by counterstaining with hematoxylin. The proliferation index (PI) was
calculated as the number of Ki-67 positive cells present among ten con-
secutive well-oriented crypts per slide.

1.6. Statistical analysis

The data are presented as the mean values ± standard error (SE).
The statistical analyses between groups and time courses were
performed using a 2-factor factorial analysis of variance (ANOVA)
followed by Tukey's multiple-comparison post-hoc test. P values of
b0.05 were considered to indicate statistical significance.

2. Results

2.1. The changes in the daily assessment data

The daily urine volume was measured, however, there were no
significant differences among the three TPN or coadministered ghrelin
groups.

2.2. The gross intestinal morphology

The gross intestinal morphology results are shown in Table 1. There
was no significant difference in the total length of small intestine among
the four groups. In the OF group, the bowel weight per 1 cmwas signif-
icantly greater and the widths of the jejunum and ileum were signifi-
cantly wider than in the TPN, TPNLG and TPNHG groups.

2.3. The microscopic intestinal morphology of the jejunum

Fig. 1 shows a representative image of the histological morphology
of the jejunum. The TPN group showed severe mucosal atrophy
(Fig. 1a). The administration of ghrelin inhibited mucosal atrophic
change in the TPNLG (Fig. 1b) and TPNHG groups (Fig. 1c). The OF



Table 1
Gross intestinal morphology.

Total small bowel Bowel width

Length(cm) Weight(mg/cm) Jejunum Ileum

TPN 61.9 ± 2.5 92.0 ± 5.0 7.0 ± 0.5 7.3 ± 0.3
TPN + ghrelin (Low) 61.2 ± 2.3 104.0 ± 4.6 7.2 ± 0.5 8.0 ± 0.4
TPN + ghrelin (High) 59.3 ± 2.5 102.5 ± 5.9 7.3 ± 0.6 8.0 ± 0.5
Oral Feeding 64.9 ± 2.1 121.3 ± 5.8a 9.8 ± 0.6a,b,c 10.4 ± 1.1a,b,c

Values: means ± S.E., n = 10 per group.
a P b 0.05 vs. TPN.
b P b 0.05 vs. TPN + ghrelin (Low).
c P b 0.05 vs. TPN + ghrelin (High).
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group showed nomucosal atrophy (Fig. 1d). Based on thesemorpholog-
ical results, the villus height, the crypt depth, the thickness of muscle
layer, the villus density and the absorptive mucosal surface area were
measured (Table 2). In the TPN group, the villus height and crypt
depth in the jejunum were significantly decreased in comparison to
the OF group, whichmeans that TPNwas associated withmucosal atro-
phy (Table 2). The villus heightwas significantlymaintained in the jeju-
num of both the TPNLG and TPNHG groups in comparison to the TPN
group (Table 2). However, the crypt depth was only significantly affect-
ed in the TPNLG group. The thickness of the muscle layer in the TPNLG
group was significantly increased in comparison to the other three
groups. The villus density was significantly higher in the TPNLG and
OF groups than it was in the TPN group. The absorptive mucosal surface
area in the TPNLG group was higher than that in the TPN and TPNHG
groups, but the effect was not statistically significant. The administra-
tion of ghrelin did not inhibit the decrease in the absorptive mucosal
surface area.
2.4. The microscopic intestinal morphology of the ileum

Fig. 2 shows a representative image of the histological morphology
of the ileum. The TPN and TPNHGgroups showedmild atrophic changes
(Fig. 2a and c). The TPNLG and OF groups showed no atrophic changes
(Fig. 2b and d). Themeasurements and analyses followed the same pro-
cedures as those that were applied in the jejunum (Table 3). The crypt
Fig. 1.Histological morphology of the jejunum. Light micrographs of the jejunum stained by he
high-dose ghrelin (TPNHG), and (d) oral feeding(OF).
depth of the TPNLG group was significantly different to that in the
TPN and TPNHG groups. The thickness of the muscle layer in the
TPNLG group was significantly increased in comparison to the other
three groups. The villus density did not differ to a statistically significant
extent among the four groups. The results regarding the absorptivemu-
cosal surface area were the same as those observed in the jejunum.

2.5. The crypt cell proliferation rates

In the TPNLG group, the CCPRs in the jejunumand ileumwere signif-
icantly increased in comparison to the other three groups. Furthermore,
in the TPNHG group the CCPR in the ileumwas significantly increased in
comparison to the TPN group (Tables 2 and 3).

3. Discussion

Growth hormone plays a major role in somatic growth, stimulates
intestinal growth, and has been used in the intestinal rehabilitation
therapy for pediatric patients with short bowel syndrome. We focused
on ghrelin, which has a strong effect on the secretion of growth hor-
mone, and investigated the effects of the administration of ghrelin on
TPN associated intestinal mucosal atrophy using a rat model.

The major findings of this study were as follows. (1) TPN for 6 days
induced mucosal atrophy; the mucosal atrophy in the jejunum was
more severe than that in the ileum. (2) The administration of ghrelin
improvedmucosal atrophy in our ratmodel of TPN. (3) Low-dose ghrel-
in had a significantly greater effect on the crypt depth, the thickness of
the muscle layer, and the CCPR than high-dose ghrelin.

Diaphoresis has been reported as an adverse event owing to the ad-
ministration of ghrelin in postoperative patients [18]. However, given
that there were no significant differences in the daily urine volume
among the three TPN groups, the doses used in the present study are
not expected to cause any adverse events.

In line with previous studies, TPN was shown to induce a reduction
in the villus height, crypt depth and CCPR [6]. Ghrelin tended to increase
the villus height and crypt depth in the jejunum and ileum. Notably,
there were significant differences in the villus height in the jejunum in
both of the ghrelin-treated groups and the crypt depth in the ileum of
matoxylin and eosin. (a) TPN- alone, (b) TPN plus low-dose ghrelin (TPNLG), (c) TPN plus



Table 2
Microscopic intestinal morphology of the jejunum.

Jejunum Villus height (μm) Crypt depth (μm) Thickness of
muscle layer (μm)

Villus density (n/mm) Absorptivemucosal surface (cm2/1 cm2) CCPR⁎

TPN 247.4 ± 6.9 139.3 ± 5.2 43.5 ± 3.4 6.2 ± 0.1 7.6 ± 0.6 0.77 ± 0.01
TPN + ghrelin (Low) 286.2 ± 13.2a 166.2 ± 5.7a,c 56.3 ± 6.1a,c,d 7.3 ± 0.3a 10.5 ± 0.9 0.89 ± 0.007a,c,d

TPN + ghrelin (High) 279.2 ± 11.7a 141.9 ± 6.9 46.5 ± 3.6 6.9 ± 0.1 8.9 ± 0.7 0.77 ± 0.01
Oral Feeding 387.4 ± 19.8a,b,c 170.6 ± 10.0a,c 48.7 ± 7.1 7.4 ± 0.2a 20.3 ± 1.1a,b,c 0.83 ± 0.01a,c

Values means ± S.E., n = 10 per group.
⁎ Ki67 positive cells/1 crypt cells.
a P b 0.05 vs. TPN.
b P b 0.05 vs. TPN + ghrelin (Low).
c P b 0.05 vs. TPN + ghrelin (High).
d P b 0.05 vs. OF.
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the rats in the TPNLG group. Previous studies have showed that ghrelin
induced epithelial cell proliferation under the conditions of 48-h fasting
or elemental diet-induced mucosal damage [19]. Ghrelin was able to
improve TPN associated mucosal atrophy by stimulating intestinal epi-
thelial cell proliferation.

In this study, the administration of ghrelin did not increase the intes-
tinal length. A previous study also showed that ghrelin did not alter the
length of the ileum or increase the villus height of the ileum [20]. In
terms of the absorptive mucosal surface area, which was calculated
based on themicroscopic morphological parameters, there were no sig-
nificant differences among the TPN-treated groups in this study. How-
ever, as the villus height and crypt depth of the small intestine in the
TPNLG group were significantly increased in comparison to those in
the TPN group, long-term TPN, more than 6 days, might result in a sig-
nificant increase in mucosal surface area.

The dose of exogenous ghrelin in our study was determined based
on the experiments of previous studies. In Wistar rats, the effects of
ghrelin on the gastrointestinal mucosa were strongest at a dose of
40 μg/kg/day (intraperitoneal) [21]. In piglets, the effects were stron-
gest at a dose of 45 μg/kg/day (enteral) rather than 20 μg/kg/day [20].
We decided on doses of 10 and 50 μg/kg/day expecting a dose-
dependent response, with reference to previous studies. In our study,
the administration of low-dose ghrelin remarkably improved mucosal
atrophy. On the other hand, the administration of high-dose ghrelin
Fig. 2.Histological morphology of the ileum. Light micrographs of the ileum stained by hematox
dose ghrelin (TPNHG), and (d) oral feeding(OF).
reduced the improvement observed in the villus height and CCPR. In
an in vitro study, ghrelin was found to stimulate intestinal cell prolifer-
ation in FHs74Int and Caco-2 cells in a dose-dependent fashion with a
maximal effect at 10 nmol, while high-dose ghrelin (100 nmol) de-
creased the CCPR [15]. The authors were not able to elucidate themech-
anism underlying the decreased cell proliferation that was observed
when an excessive higher dose of ghrelinwas administered. In the pres-
ent study we were not able to show the dose-dependent effects of
ghrelin because only two doses were used (10 and 50 μg/kg/day). We
believe that the dose of 50 μg/kg/day induced a response beyond
dose-dependence, indicating that this high was excessive; inter-
species differences (e.g. piglets,Wistar rats, and SD rats) and differences
in the manner of administration (intraperitoneal one-shot infusion, en-
teral administration and continuous intravenous infusion) may explain
these results.We hypothesize that a specific dose of ghrelin is needed to
achieve the optimal improvement of TPN associated intestinal mucosal
atrophy. Further studies are required to elucidate the appropriate dose
and route of administration.

Low-dose ghrelin promoted the thickening of themuscle layer in our
study. Previous studies have shown that IGF-1 induces the augmenta-
tion of the intestinal muscle layer, but not of the villus height or crypt
depth in parenterally-fed mice [22]. These results might confirm that
ghrelin promotes the secretion of IGF-1 through GH stimulation. Thus,
the improvement of TPN associated mucosal atrophy might be induced
ylin and eosin. (a) TPN- alone, (b) TPN plus low-dose ghrelin (TPNLG), (c) TPN plus high-

Image of Fig. 2


Table 3
Microscopic intestinal morphology of the ileum.

Ileum Villus height (μm) Crypt depth (μm) Thickness of
muscle layer (μm)

Villus density (n/mm) Absorptive mucosal
surface (cm2/1 cm2)

CCPR⁎

TPN 220.9 ± 6.6 132.0 ± 6.3 50.8 ± 4.9 6.4 ± 0.2 6.1 ± 0.5 0.82 ± 0.008
TPN + ghrelin (Low) 231.8 ± 6.3 152.8 ± 5.8a,c 66.2 ± 6.6a,c,d 6.6 ± 0.2 7.8 ± 0.2 0.89 ± 0.004a,c,d

TPN + ghrelin (High) 226.6 ± 7.6 129.4 ± 6.9 46.9 ± 3.9 6.6 ± 0.1 7.0 ± 0.4 0.85 ± 0.006a

Oral Feeding 234.9 ± 9.6a 145.1 ± 4.0a,c 50.4 ± 2.3 6.6 ± 0.1 10.6 ± 0.6a,b,c 0.83 ± 0.008

Values: means ± S.E., n = 10 per group.
⁎ Ki67 positive cells/1 crypt cells.
a P b 0.05 vs. TPN.
b P b 0.05 vs. TPN + ghrelin (Low).
c P b 0.05 vs. TPN + ghrelin (High).
d P b 0.05 vs. OF.
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by ghrelin's direct effects on the villi and crypts, and indirect effects on
the muscle layer. A further study is necessary to elucidate the detail
mechanisms underlying the effects of ghrelin.

As a next step, the effects of the administration of ghrelin on nutri-
tional absorption after TPNmanagement must be elucidated. These fur-
ther studies may reveal the clinical applications of ghrelin, which is
likely to show promise in the treatment of malnutrition, particularly in
pediatric patients with conditions such as short bowel syndrome and
motility disorders.

In conclusion, the administration of ghrelin improved TPN-associated
intestinal mucosal atrophy owing to an increased villus height and crypt
depth. We clarified one of the mechanisms of these results as the in-
creased CCPR of the intestine. However, further studies are needed to de-
termine the appropriate dose of ghrelin and the manner in which it
should be administered in order for it to be used in the clinical setting.

Conflict of interest

The authors declare no conflicts of interest in association with this
study.

Acknowledgments

This study was supported by a Grants-in-Aid for Scientific
Research from the Japan Society for the Promotion of Science (JSPS,
No. 25462777).

This study was supported by the Institute of Laboratory Animal Sci-
ences, Kagoshima University (Frontier Science Research Center).

We thank Mr. Brian Quinn for his comments and help with the
manuscript.

References

[1] Hughes CA, Dowling RH. Speed of onset of adaptive mucosal hypoplasia and
hypofunction in the intestine of parenterally fed rats. Clin Sci (Lond) 1980;59(5):
317–27.

[2] Buchman AL, Moukarzel AA, Bhuta S, et al. Parenteral nutrition is associated with in-
testinal morphologic and functional changes in humans. JPEN J Parenter Enteral Nutr
1995;19(6):453–60.

[3] Alverdy JC, Aoys E, Moss GS. Total parenteral nutrition promotes bacterial transloca-
tion from the gut. Surgery 1988;104(2):185–90.
[4] Kudsk KA, Croce MA, Fabian TC, et al. Enteral versus parenteral feeding. Effects on
septic morbidity after blunt and penetrating abdominal trauma. Ann Surg 1992;
215(5):503–11 [discussion 11-3].

[5] Wildhaber BE, Yang H, Teitelbaum DH. Keratinocyte growth factor decreases total
parenteral nutrition-induced apoptosis in mouse intestinal epithelium via Bcl-2. J
Pediatr Surg 2003;38(1):92–6 [discussion -6].

[6] Feng Y, Teitelbaum DH. Epidermal growth factor/TNF-alpha transactivation modu-
lates epithelial cell proliferation and apoptosis in a mouse model of parenteral nutri-
tion. Am J Physiol Gastrointest Liver Physiol 2012;302(2):G236–49.

[7] Chance WT, Foley-Nelson T, Thomas I, et al. Prevention of parenteral nutrition-
induced gut hypoplasia by coinfusion of glucagon-like peptide-2. Am J Phys 1997;
273(2 Pt 1):G559–63.

[8] Kaji T, Tanaka H, Holst JJ, et al. The effects of variations in dose andmethod of admin-
istration on glucagon like peptide-2 activity in the rat. Eur J Pharmacol 2008;
596(1–3):138–45.

[9] Dahly EM, Guo Z, Ney DM. Alterations in enterocyte proliferation and apoptosis ac-
company TPN-induced mucosal hypoplasia and IGF-I-induced hyperplasia in rats. J
Nutr 2002;132:2010–4.

[10] Canani RB, Bisceglia M, Bruzzese E, et al. Growth hormone stimulates, through tyro-
sine kinase, ion transport and proliferation in human intestinal cells. J Pediatr
Gastroenterol Nutr 1999;28(3):315–20.

[11] Kojima M, Hosoda H, Date Y, et al. Ghrelin is a growth-hormone-releasing acylated
peptide from stomach. Nature 1999;402(6762):656–60.

[12] Ney DM. Effects of insulin-like growth factor-I and growth hormone in models of
parenteral nutrition. JPEN J Parenter Enteral Nutr 1999;23(6 Suppl.):S184–9.

[13] Kojima M, Kangawa K. Ghrelin: structure and function. Physiol Rev 2005;85:
495–522.

[14] Yu H, Xu G, Fan X. The effect of ghrelin on cell proliferation in small intestinal IEC-6
cells. Biomed Pharmacother 2013;67(3):235–9.

[15] Waseem T, Duxbury M, Ashley SW, et al. Ghrelin promotes intestinal epithelial cell
proliferation through PI3K/Akt pathway and EGFR trans-activation both converging
to ERK 1/2 phosphorylation. Peptides 2014;52:113–21.

[16] Menge H, Hopert R, Alexopoulos T, et al. Three-dimensional structure and cell kinet-
ics at different sites of rat intestinal remnants during the early adaptive response to
resection. Res Exp Med 1982;181:77–94.

[17] Shalimar DM, Das P, Sreenivas V, et al. Mechanism of villous atrophy in celiac dis-
ease: role of apoptosis and epithelial regeneration. Arch Pathol Lab Med 2013;
137(9):1262–9.

[18] Adachi S, Takiguchi S, Okada K, et al. Effects of ghrelin adminisitration after total gas-
trectomy: a prospective, randomized, placebo-controlled phase II study. Gastroen-
terology 2010;138(4):1312–20.

[19] Park JM, Kakimoto T, Kuroki T, et al. Suppression of intestinal mucosal apoptosis by
ghrelin in fasting rats. Exp Biol Med 2008;233(1):48–56.

[20] Słupecka M, Woliński J, Pierzynowski SG. The effects of enteral ghrelin administra-
tion on the remodeling of the small intestinal mucosa in neonatal piglets. Regul
Pept 2012;174(1–3):38–45.

[21] de Segura IA, Vallejo-Cremades MT, Lomas J, et al. Exogenous ghrelin regulates pro-
liferation and apoptosis in the hypotrophic gut mucosa of the rat. Exp Biol Med
2010;235(4):463–9.

[22] Murali SG, Nelson DW, Draxler AK. Insulin-like growth factor-I (IGF-I) attenuates je-
junal atrophy in association with increased expression of IGF-I binding protein-5 in
parenterally fed mice. J Nutr 2005;135(11):2553–9.

http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0005
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0005
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0005
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0010
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0010
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0010
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0015
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0015
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0020
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0020
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0020
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0025
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0025
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0025
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0030
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0030
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0030
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0035
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0035
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0035
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0040
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0040
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0040
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0045
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0045
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0045
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0050
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0050
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0050
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0055
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0055
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0060
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0060
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0065
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0065
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0070
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0070
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0075
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0075
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0075
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0080
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0080
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0080
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0085
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0085
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0085
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0090
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0090
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0090
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0095
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0095
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0100
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0100
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0100
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0105
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0105
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0105
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0110
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0110
http://refhub.elsevier.com/S0022-3468(16)30358-X/rf0110

	Ghrelin improves intestinal mucosal atrophy during parenteral nutrition: An experimental study
	1. Materials and methods
	1.1. Animals
	1.2. Study design
	1.3. The surgical procedure and maintenance methods
	1.4. The gross intestinal morphology and histology
	1.5. Crypt cell proliferation
	1.6. Statistical analysis

	2. Results
	2.1. The changes in the daily assessment data
	2.2. The gross intestinal morphology
	2.3. The microscopic intestinal morphology of the jejunum
	2.4. The microscopic intestinal morphology of the ileum
	2.5. The crypt cell proliferation rates

	3. Discussion
	Conflict of interest
	Acknowledgments
	References


