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Abstract
AIM: To evaluate the effects of growth hormone (GH) 
on the histology of small intestines which might be 
related to the role of insulin like growth factor (IGF)-I, 
IGF-binding protein 3 (IGFBP-3) and its receptors. 

METHODS: Twelve week-old adult male Wistar albino 
rats were divided into two groups. The study group (n  
= 10), received recombinant human growth hormone 
(rGH) at a dose of 2 mg/kg per day subcutaneously for 
14 d and the control group (n  = 10) received physiologic 
serum. Paraffin sections of jejunum were stained with 
periodic acid shift (PAS) and hematoxylin and eosin (HE) 
for light microscopy. They were also examined for IGF-I, 
IGFBP-3 and IGF-receptor immunoreactivities. Staining 
intensity was graded semi-quantitatively using the HS-
CORE. 

RESULTS: Goblet cells and the cells in crypt epithelia 

were significantly increased in the study group compa-
red to that of the control group. We have demonstrated 
an increase of IGF-I and IGFBP-3 immunoreactivities in 
surface epithelium of the small intestine by GH applica-
tion. IGF-I receptor immunoreactivities of crypt, villous 
columnar cells, enteroendocrine cells and muscularis 
mucosae were also more strongly positive in the study 
group compared to those of in the control group. 

CONCLUSION: These findings confirm the important 
trophic and protective role of GH in the homeostasis 
of the small intestine. The trophic effect is mediated 
by an increase in IGF-I synthesis in the small intestine, 
but the protective effect is not related to IGF-I.
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INTRODUCTION
Growth hormone (GH) is a pituitary-derived polypeptide 
hormone that has diverse physiologic effects including the 
regulation of  growth in long bones, carbohydrate, lipid 
metabolism, and metabolic functions of  the liver[1]. The 
mitogenic effect of  GH in the crypts of  Lieberkuhn of  
the duodenum in hypophysectomized rats was first desc-
ribed by Leblond and Carriere in 1955[2]. Small intestine 
that is lined by epithelial cells with a rapid turnover rate 
has been considered as a potential target of  GH[3,4]. Sys-
temic administration of  GH markedly increases trophic 
action in the small intestine and enhances the remnant 
bowel morphological and proliferative adaptation[3].

Circulating GH binds to the GH receptor (GHR) in 
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target cells and stimulates the production of  insulin like 
growth factor (IGF)-I in the liver and other target tissues 
including the intestine. The GHR is expressed throughout 
the epithelium and in the lamina propria, muscularis 
mucosa, submucosa, and muscularis propria. The 
presence of  GH receptors in crypt and villus epithelial 
cells of  rats suggests a direct cellular effect of  GH on 
small intestinal growth[5]. GH action has traditionally 
been believed to be mediated by GH dependent hepatic 
production of  IGF-I. However, with the discovery of  
various extrahepatic IGF-I synthesis sites, some of  which 
are GH dependent, a paracrine/autocrine mechanism of  
action has been proposed[6]. IGF-I receptors have also 
been immunolocalized in the gastrointestinal tract of  
rats[7,8]. Locally expressed IGF binding proteins (IGFBPs) 
are known to modulate IGF-I action. Of  six known 
high-affinity IGFBPs, IGFBP-3 has been of  interest 
with respect to a role in regulating intestinal growth. 
Systemically administered IGF-I is known to increase 
the expression of  IGFBP-3 in rat small intestine[9] and 

colon[10], although there are segmental differences in the 

effects of  circulating IGF-I on locally expressed IGFBPs, 
which correlate with segment-specific growth effects[9,10]. 

GH action is primarily mediated by IGF-I, although 
both growth factors show tissue-selective effects. Specific 
binding sites for IGF-I, and GH are present in the small 
intestine and evidence suggests that circulating IGF-I and 
GH can interact with their respective functional intestinal 
receptors[2,11,12]. GH administration stimulates mucosal 
growth in normal rats[2]. GH action has been attributed to 
be the result of  both a direct effect of  GH, and an indirect 
stimulating effect on the target cells via IGF-I released 
locally or from the liver[3]. Specific GH receptors (GHR), 
IGF-I receptors, and local production of  IGF-I have been 
shown throughout the epithelial and mesenchymal derived 
elements of  the gastrointestinal tract[4,5], implicating a 
complex interaction between direct and indirect effects of  
GH[12-14]. It has not yet been shown whether GH affects 
the small intestine directly or via IGF-I. Therefore, the 
objective of  this study was to evaluate the morphological 
effects of  GH on normal small intestines due to changes 
occuring in IGF-Rs and IGFBP-3 by administration of  
GH. 

MATERIALS AND METHODS
The animal facilities and protocols used in the present 
study were approved by the Animal Research Ethics 
Committee of  the University of  Celal Bayar. This study 
was performed in the Department of  Histology and 
Embryology and Department of  Pediatrics, between 
2001 and 2002. Twelve week-old adult male Wistar 
albino rats (250-300 g) were included in the study. All 
animals were kept under standard conditions on a 12 h 
light/dark cycle and maintained at optimal temperature. 
The animals were fed with a standard diet and given free 
access to water. They were randomized into two groups. 
The study group (n = 10) received recombinant human 
GH (Norditropin-Novo Nordisk, Denmark) at a dose of  
2 mg/kg per day subcutaneously for 14 d and the control 

group (n = 10) received the same volume of  serum 
physiologic intracutaneously. Anesthesia was achieved by 
intraperitoneal injection of  pentobarbitone. Animals were 
perfused intracardiacally with phosphate buffered saline 
(PBS) and subsequently with 10% formalin solution. 
The antrum of  the jejenum was dissected and postfixed 
in 10% formalin solution for 24 h at room temperature. 
The samples were washed overnight with tap water and 
were dehydrated through a graded series of  ethanol. They 
were incubated in xylene and then embedded in paraffin. 
Serial sections (5 µm) were taken from both groups 
and collected onto gelatin-coated slides. Sections were 
deparaffinized at 60℃ overnight, immersed in xylene 
and rehydrated through a graded series of  ethanol. They 
were then washed in tap water and stained using either 
histochemical (H-E or PAS) or immunohistochemical 
(IGF-I, IGF-R, IGFBP-3) methods according to their 
routine protocols. H-E or PAS stained slides were 
mounted using entellan covered with glass cover slips prior 
to viewing and photographed under the Olympus BX-40 
(Olympus, Tokyo, Japan) light microscope. Morphometric 
parameters were measured by three blinded observers 
using the Olympus BX-40 microscope with a video 
camera (JVC-TK-C 601, Tokyo, Japan) for digital imaging. 
Villus height as a distance from the tip of  the villus to the 
villus-crypt junction, total epithelial thickness, villus/crypt 
ratio, and the size and the number of  goblet cell were 
measured at 15 sites of  the jejunum[15,16]. 

An indirect immunofluorescence method was used to 
determine the immunoreactivities of  IGF-I and IGFBP-3. 
Prior to preincubation in non-immune serum for 1 h, all 
slides were washed in PBS three times. Sections were then 
incubated with the primary antibody (Goat-anti-human 
IGF-I: DSL-2800 IRMA and anti-IGFBP-3; DSL-6600 
IRMA, Diagnostic system Laboratories-Texas, USA) 
in a humid, sealed chamber at 4℃ for overnight. Slides 
were then washed three times in PBS and the site of  
antigen-antibody reaction was revealed by incubation with 
fluorescence isothiocyanate (FITC)-conjugated anti-goat 
diluted 1:100, for 2 h at 4℃. After incubation, sections 
were rinsed and mounted. Control staining included 
omission of  the primary antibody and replacement with 
rabbit nonimmune serum. Sections were examined in 
a fluorescence microscope (Olympus, Tokyo, Japan) 
equipped with filter setting for viewing FITC fluorescence. 

An indirect immunoperoxidase method was used to 
determine the immunoreactivity of  IGF-I Receptor. De-
paraffinized sections were washed with PBS and treated 
with 0.1% trypsin solution. After that, they were washed 
with PBS and treated with 0.3% hydrogen peroxide for 
10 min at room temperature to inactivate endogenous 
peroxidase activity. These sections were then washed in 
PBS and they were incubated with the primary antibody 
mouse monoclonal anti-IGF-I Receptor diluted 1:100 
(Calbiochem, CA, USA) in a humid chamber overnight 
at 4℃. They were then incubated with avidin-biotin-
horseradish peroxidase complex (anti-mouse immuno-
peroxidase antibody: Universal DAKO LSAB2 Kit, CA, 
USA) for 1 h. The colour reaction was developed using 
AEC Substrate System-containing 3-amino-9-ethylcar-
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bazole (Dako, Glostrup, Denmark). Between each step, 
sections were washed three times in PBS. Sections were 
counterstained with Mayer’s hematoxylin, dehydrated, 
and covered with mounting medium. Normal mouse se-
rum was used as a negative control. 

Three observers blinded to clinical information eva-
luated the immunohistochemical staining scores inde-
pendently. Staining intensity was graded semi-quantita-
tively using the H-SCORE[17] which was calculated with 
the following equation: H-SCORE = ∑Pi (i + 1), where 
i = intensity of  staining with a value of  1, 2 or 3 (mild, 
moderate, or strong, respectively) and Pi is the percen-
tage of  epithelial cells stained with different intensity, 
varying between 0%-100%. Results were expressed as 
mean ± SE. Differences between groups were statisti-
cally analyzed with one-way ANOVA. P value of  < 0.05 
was considered significant.

RESULTS
Histological examination
Rats that were given GH displayed hypertrophy in the 
small intestine (Figure 1). Height of  the villi (34.9 ± 9.2 
vs 51.6 ± 13.8), epithelial thickness (26.3 ± 8.3 vs 45.7 ± 
11.7), and crypt epithelial cell number (6.7 ± 2.1 vs 11.4 
± 3.7) of  these rats were significantly increased (P < 

0.01). The size (5.7 ± 1.2 vs 7.8 ± 1) and the number (25.6 
± 6.8 vs 37.9 ± 9) of  goblet cells were also significantly 
increased (P < 0.05). The morphometric results of  the 
groups according to histologic criteria are shown in 
Figure 2.

Localization of IGF-R immunoreactivity
Immunohistochemical staining for the IGF-R showed 
specific staining in the crypts as well as the apical and 
basolateral membranes of  villus epithelial cells of  the 
control group. Immunoreactivity was primarily observed 
in the cytoplasm. All staining was similar to each other 
and they were considered to be of  moderate intensity 
(++) staining. Crypt and villous columnar cells of  the 
small intestine displayed moderate immunoreactivity, 
whereas goblet cells were weakly immunostained. No 
immunostaining was evident in occasional large goblet 
cells of  the small intestine. Enteroendocrine cells of  
the intestinal mucosa were positively immunostained. 
Muscularis mucosae, muscularis externa and medial 
smooth muscle cells of  vessels exhibited moderate 
immunoreactivity. Macrophages in the lamina propria 
and submucosa exhibited positive immunoreactivity in 
the control group (Figure 3).

There appeared to be a greater intensity of  staining 
for the IGF-R in the study group compared with the 
control group, as shown in Figure 3 (intensity +++). 
Crypt epithelial cells and enteroendocrine cells of  the 
intestinal mucosa were strongly positive immunostained 
(intensity +++). Weak or no immunostaining was evident 
in large goblet cells of  the small intestine. Muscularis 
mucosae, muscularis externa and medial smooth muscle 
cells of  vessels exhibited moderate immunoreactivity. 
Scattered macrophages in the lamina propria and sub
mucosa exhibited intense immunoreactivity in the 
study group. There was also an increase in the intensity 
of  IGF-R immunoreactivity as well as the number of  
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Figure 1  Photomicrograph 
of the tunica mucosa (M) and 
muscularis mucosa (MM) of 
the small intestine in the GH-
administered group. Villous 
hypertrophy and increased 
goblet cells were seen in the 
small intestine. PAS, × 100 
(Original magnification).
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Figure 2  Morphometric criteria to determine the effects of growth hormone 
on small intestine. VH: The height of villus; LP: Lamina Propria; SM: Submucosa; 
ME: Muscularis externa; ET: Thickness of epithelium; CE: Crypt epithelial cell; 
GS: The size of goblet cell; GN: The number of goblet cells per villus. Height of 
the villi, epithelial thickness, and crypt epithelial cell number rats given GH were 
significantly increased (P < 0.01). The size and the number of goblet cells were 
also significantly increased (P < 0.05).

Figure 3  Like growth factor (IGF)-R immunoreactivity pattern in small 
intestines of the rats in the study group given growth hormone (A) and 
control group (B) by using the immuno-peroxidase technique. While weak 
to moderate IGF-R immunostaining was observed in the epithelial cells of the 
small intestines in the control group, an increase in the immunostaining was 
seen in the study group. Note the strong immunoreactivity in the epithelial 
component and the moderately immunostained smooth muscle of the 
muscularis mucosa. Goblet cells display little or no immunoreactivity, in contrast 
to the dense immunoreaction in columnar cells of the study group. × 100 
(Original magnifications).

A B
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immunoreactive cells in general. The morphometry of  
immunoreactivities is shown in Table 1. 

Localizations of IGF-I and IGFBP-3 Immunoreactivity
In the control group, both the immunoreactivities of  
IGF-I (Figure 4A) and IGFBP-3 (Figure 5A) were 
considered moderate in the small intestine (intensity 
+/++, respectively). Immunoreactivity was mainly locali
zed on the surface epithelium. Rats that were given GH 
showed a statistically significant (P < 0.001) increase in 
the immunoreactivities of  IGF-I (Figure 4B, 85.33 ± 
11.06 vs 195.00 ± 9.00) and IGFBP-3 (Figure 5B, 91.00 
± 16.82 vs 201.33 ± 18.04) which were determined by 
H-SCORE (Figure 6). 

DISCUSSION
In our study, histological examination revealed an 
increase in the wall thickness, villus height and crypt 
cell proliferation of  the small intestine after GH admi

nistration. Our findings have shown that systemic admi
nistration of  GH increases intestinal growth by stimulating 
crypt cell production as has been reported by previous 
studies[10,17]. Trophic and promoting effects of  GH on the 
small intestine as shown in human and animal studies have 
suggested that this peptide could be used in the treatment 
of  patients with malabsorption and malnutrition caused 
by extensive disease or resection of  the small bowel, as is 
the case in patients with the short bowel syndrome[10,17-19]. 
Exogenous GH has been particularly useful in gastro
intestinal rehabilitation of  patients with short bowel 
syndrome in some series[20-22], although not all[23].

In our study, a significant increase in the number of  
goblet cells was observed in the study group compared 
to that in the control group. Gastrointestinal epithelium 
is covered by a protective mucus gel composed predo-
minantly of  mucin glycoproteins which are synthesized 
and secreted by goblet cells[24]. This epithelium provides 
a barrier against potential injury threats of  luminal acids, 
enzymes, bacteria and toxins[25]. This result suggests that 
GH could play a protective role on intestinal mucosa by 
increasing mucus-producing cells. A previous study has 
shown the protective effects of  GH in rats receiving ab-
dominal radiotherapy[26]. However, its functional role had 
not been clearly assessed in vivo.

Effects of  GH could be mediated via the regulation 
of  intermediate factors like IGF-I, the best known and 
most intensively studied among the factors. IGF-I is pro-

www.wjgnet.com

Table 1  Intensity of cellular localization of IGF-receptor in 
small intestines of the rats in the control and study groups

Cells Control group Study group

Crypt and villous columnar cells +/++ +++
Enteroendocrine cells ++ +++
Goblet cells -/+ -/+
Occasional large Goblet cells - -/+
Paneth cells - -
Muscularis mucosae and muscularis externa ++ +++

Weak immunostaining: +; Moderate immunostaining: ++; Strong  
immunostaining: +++. IGF: Like growth factor.

Figure 4  Immunoreactivity of IGF-I was seen in the small intestine of the 
control group (A) and the study group (B) by using an immunofluorescence 
technique. Increased immunoreactivity was seen in the study group. × 200 
(Original magnifications).

A B

Figure 5  Immunoreactivity of IGF-binding protein 3 (IGFBP-3) was seen 
in the small intestines by using an immunofluorescence technique in the 
control group (A) and the study group (B). Increased immunoreactivity was 
seen in the study group. × 200 (Original magnifications).

A B

Figure 6  IGFBP-3 and IGF-I immunoreactivities in rat small intestine 
epithelium in the control and the study groups using the indirect immu
nofluorescence method. (Weak immunostaining: +; Moderate immunostaining: 
++; Strong  immunostaining: +++). In rats that were given growth hormone, there 
was a statistically significant increase in the immunoreactivities of IGF-I.
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duced in the liver and other tissues in response to GH 
stimulation[27]. As expected, this had led the investiga-
tors to conclude that the local production and function 
of  IGF-I were dependent on GH. However, it is now 
clear that IGF-I could have functions independent from 
GH. The results of  our study have shown that IGF-I 
receptor immunoreactivity in crypt and villous columnar 
cells, enteroendocrine cells and muscularis mucosae was 
stronger in the study group compared to the control 
group. Immunoreactivity of  Paneth cells was found 
negative and goblet cells displayed faint to moderate 
immunoreactivity. These results suggest that the effects 
of  GH on crypt, villous columnar cell, enteroendocrine 
cells and muscularis mucosae can be mediated via IGF-I. 
In transgenic mouse studies, overexpression of  the gene 
encoding IGF-I has been found to be associated with in-
creased small bowel length, mucosal mass and crypt cell 
proliferation[28,29]. Wheeler et al[5] have shown that the ef-
fects of  GH/IGF-I on crypt epithelial cell proliferation 
in human duodenal mucosa in vitro, were similiar to the 
effects of  IGF-I alone and were greater than GH alone, 
suggesting an action mediated solely by IGF-I. Sigalet  
et al[30] had demonstrated significant alteration in intes-
tinal morphology of  the rat by IGF-I treatment. It has 
been shown that systemic administration of  GH increas-
es trophic activity of  the small intestinal mucosa and en-
hances morphologic and proliferative adaptation of  the 
remnant bowel after surgical resection, both through a 
direct effect via GH receptor present in the gastrointes-
tinal tract and through augmentation of  IGF-I synthesis 
and activity[31,32]. 

We found that goblet cells were weakly immunos-
tained for IGF-I receptor both in the study and the con-
trol group. In another study that detected GH receptor, 
goblet cells showed faint to moderate immounoreactivity 
or were immunonegative[2]. These results suggested that 
GH could have direct effects on goblet cell proliferation 
of  the rat small intestine. In the present study, ente-
roendocrine cells were positive for IGF-I receptor im-
munostaining in small intestines of  rats given GH which 
may stimulate local or systemic IGF-I production. In 
addition to its trophic action, IGF-I receptor appears to 
be extremely important not only for IGF-I but also for 
modulation of  the effects of  other growth factors[33,34]. 
Overexpression of  IGF-I receptor may promote trophic 
actions of  other growth factors on small intestinal mu-
cosa. Moreover, IGF-I, due to its trophic action, may 
increase the secretion of  gastrointestinal hormones from 
enteroendocrine cells.

GH increases circulating levels of  IGF-I and seems 
to enhance IGF-I expression locally in the intestinal mu-
cosa[35]. A characteristical feature of  IGF-I is its ability to 
bind high affinity IGFBPs which are thought to modulate 
its actions[9,36]. One of  the major functions of  IGFBPs 
is to control access to the receptors and consequently to 
modulate biologic responses of  cells to IGF-I. IGFBP-3 
has the highest affinity for IGF and is the most abundant 
IGFBP in plasma[6]. In this study, an increase in the im-
munoreactivities of  IGF-I and IGFBP-3 were observed 
in small intestines of  GH-administered rats. This result 

suggested that GH causes an increase in both IGF-I and 
IGFBP-3 production in the small intestine. The plasma 
concentration of  IGFBP-3 is regulated by GH. IGFBP-3 
concentration that is low in GH deficient patients incre-
ases with GH treatment[6,36]. This increase is attributed to 
a direct effect of  GH on IGFBP-3 synthesis as well as 
the prolongation of  the half-life of  IGFBP-3 by binding 
to other proteins[7]. Systemic administration of  GH may 
cause binding of  IGF-I and IGFBP-3 to microvilli on the 
small intestinal epithelium of  rats and may increase their 
synthesis directly. Thus, IGFBP3 may regulate tissue lo-
calization, distribution and access to IGF-I receptor that 
modulates the cell response to IGF-I.

Indeed, even in GH transgenic animals, only tran-
sient effects of  GH excess on crypt proliferation were 
observed at weaning and were not sustained in adult 
animals despite maintained increases in mucosal mass 
through adulthood. This contrasts with IGF-I, in which 
a majority of  studies in IGF-I transgenic mice and mul-
tiple in vivo models of  IGF-I induction, including TPN 
and resection models, have demonstrated potent trophic 
actions of  IGF-I accompanied by proliferative and anti-
apoptotic actions. While these trophic actions of  IGF-I 
may be beneficial to increase the mass of  functional 
intestinal mucosa, they may also increase the risk of  in-
testinal tumors. Despite the long-held view that GH is a 
trophic hormone and the proliferative effects of  which 
are mediated by IGF-I, evidence in the healthy intesti-
ne suggests that IGF-I is a more potent enterotrophic 
factor than GH. This is found even when GH elevates 
plasma IGF-I to levels similar to those found in models 
of  IGF-I infusion. Available evidence has suggested 
that the local expression of  IGF-I occurs primarily in 
mesenchymal cells of  the lamina propria of  the normal 
intestine. IGF-I also has autocrine actions that increa-
se the proliferation and growth of  mesenchymal cells. 
Collectively, these results suggest that IGF-I derived 
from intestinal mesenchymal cells regulates the growth 
and function of  neighboring epithelial cells, as well as 
mesenchymal cells themselves. Further support for this 
hypothesis comes from observations that levels of  local 
IGF-I mRNA expression correlate with bowel growth 
during periods of  altered nutrient status, resection, and 
disease[3,4,37].

In summary, systemic administration of  GH has 
caused proliferation of  crypt epithelial cells, goblet cells 
and enteroendorine cells in the small intestinal mucosa 
of  rats. The number of  IGF-I receptors in small intes-
tinal mucosa, particularly in crypt epithelial and ente-
roendocrine cells, was increased. However, there was not 
an increase in the number of  IGF-I receptors in goblet 
cells. Increases observed in mucosal height may be medi-
ated through local rather than systemic IGF-I produc-
tion, as IGF-I and IGFBP-3 were found to increase in 
rats’ small intestine particularly in the surface epithelium. 
Increased IGF-I expression has been observed after GH 
administration and GH exerts some of  its effects through 
stimulation of  IGF-I and IGFBP-3 expression. GH 
improved villous morphology and small intestine home-
ostasis by affecting the cells through mediators. These 
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findings provide a basis for further studies on the role 
of  GH in the regulation of  gastrointestinal function and 
growth, in health and in colorectal diseases.

In conclusion, GH exerts trophic and protective 
effects on small intestinal mucosa by increasing IGF-I 
synthesis. It seems to exert its trophic actions via IGF-I 
by increasing number of  IGF-I receptors on crypt and 
epithelial cells. IGF-I by itself  does not have a role in 
protective action. Further research into the mechanism 
of  action of  GH and IGF-I is also needed to fully define 
the clinical appropriateness of  these growth factors in 
particular settings. 

COMMENTS
Background
Growth hormone (GH) has a lot of diverse physiologic effects. Systemic 
administration of GH markedly increases trophic action in the small intestine. 
The peripheral effects of GH are mediated by IGF-1. IGFBP-3 is a GH-
dependent molecule and can be an important indicator of conditions associated 
with altered GH secretion and action. It is not known whether effects of GH on 
small intestine are direct or mediated via IGF-1. 
Research frontiers
To demonstrate histologic changes induced by GH in the small intestine and to 
define mechanisms of trophic and protective effects of GH on small intestine.
Innovations and breakthroughs
This is the first study reporting the importance of IGF-1 as a mediator for protective 
and trophic effects of GH on small intestines. The authors' study demonstrated that 
trophic effects are related to IGF-1 while protective effects are not. 
Applications 
Better understanding of trophic and protective effects of GH on small intestines 
provide researchers with an opportunity to observe the effectiveness of treatment 
of intestinal diseases like small bowel syndrome. Also IGF-1 treatment may be 
considered as a therapeutic option in such diseases.
Peer review
The authors evaluate the effects of growth hormone on the histology of small 
intestines which might be related to the role of IGF-I, IGF-bindingprotein 3 
(IGFBP-3) and its receptors. They find trophic effect is mediated by an increase in 
IGF-I synthesis in small intestine, but the protective effect is not related to IGF-I. 

REFERENCES
1	 Choi HK, Waxman DJ. Pulsatility of growth hormone (GH) 

signalling in liver cells: role of the JAK-STAT5b pathway in 
GH action. Growth Horm IGF Res 2000; 10 Suppl B: S1-S8

2	 Lobie PE, Breipohl W, Lincoln DT, Garcia-Aragon J, Waters 
MJ. Localization of the growth hormone receptor/binding 
protein in skin. J Endocrinol 1990; 126: 467-471

3	 Lund PK. Molecular basis of intestinal adaptation: the role 
of the insulin-like growth factor system. Ann N Y Acad Sci 
1998; 859: 18-36

4	 Theiss AL, Fruchtman S, Lund PK. Growth factors in 
inflammatory bowel disease: the actions and interactions of 
growth hormone and insulin-like growth factor-I. Inflamm 
Bowel Dis 2004; 10: 871-880

5	 Wheeler EE, Challacombe DN. The trophic action of growth 
hormone, insulin-like growth factor-I, and insulin on human 
duodenal mucosa cultured in vitro. Gut 1997; 40: 57-60

6	 Clemens DR. Insulin-like growth factor-1 and its binding 
proteins. In: DeGroot LJ, editor. Pediatric Endocrinology, 
3rd ed. Philedelphia: WB Saunders, 2000: 439-460

7	 Hansson HA, Nilsson A, Isgaard J, Billig H, Isaksson O, 
Skottner A, Andersson IK, Rozell B. Immunohistochemical 
localization of insulin-like growth factor I in the adult rat. 
Histochemistry 1988; 89: 403-410

8	 Ryan J, Costigan DC. Determination of the histological 
distribution of insulin like growth factor 1 receptors in the 

rat gut. Gut 1993; 34: 1693-1697
9	 Baksheev L , Fuller PJ. Humoral factors in intestinal 

adaptation. Trends Endocrinol Metab 2000; 11: 401-405
10	 Gomez de Segura IA, Aguilera MJ, Codesal J, Codoceo R, 

De-Miguel E. Comparative effects of growth hormone in 
large and small bowel resection in the rat. J Surg Res 1996; 
62: 5-10

11	 Gingerich RL, Gilbert WR, Comens PG, Gavin JR 3rd. 
Identification and characterization of insulin receptors in 
basolateral membranes of dog intestinal mucosa. Diabetes 
1987; 36: 1124-1129

12	 Glasscock GF, Gelber SE, Lamson G, McGee-Tekula R, 
Rosenfeld RG. Pituitary control of growth in the neonatal rat: 
effects of neonatal hypophysectomy on somatic and organ 
growth, serum insulin-like growth factors (IGF)-I and -II 
levels, and expression of IGF binding proteins. Endocrinology 
1990; 127: 1792-1803

13	 Daughaday WH, Hall K, Raben MS, Salmon WD Jr, van den 
Brande JL, van Wyk JJ. Somatomedin: proposed designation 
for sulphation factor. Nature 1972; 235: 107

14	 Beauchamp RD, Barnard JA, McCutchen CM, Cherner JA, 
Coffey RJ Jr. Localization of transforming growth factor 
alpha and its receptor in gastric mucosal cells. Implications 
for a regulatory role in acid secretion and mucosal renewal. 
J Clin Invest 1989; 84: 1017-1023

15	 Zhao J, Yang J, Vinter-Jensen L, Zhuang F, Gregersen H. 
The morphometry and biomechanical properties of the rat 
small intestine after systemic treatment with epidermal 
growth factor. Biorheology 2002; 39: 719-733

16	 Budwit-Novotny DA, McCarty KS, Cox EB, Soper JT, Mutch 
DG, Creasman WT, Flowers JL, McCarty KS Jr. Immun
ohistochemical analyses of estrogen receptor in endometrial 
adenocarcinoma using a monoclonal antibody. Cancer Res 
1986; 46: 5419-5425

17	 Heeckt PF, Klein D, Beger HG. Short-bowel syndrome - 
surgical treatment with long-term benefit? Langenbecks 
Arch Surg 2000; 385: 50-56

18	 Challacombe DN, Wheeler EE. The trophic action of human 
growth hormone on human duodenal mucosa cultured in 
vitro. J Pediatr Gastroenterol Nutr 1995; 21: 50-53

19	 Beer VJ, Warren MA, Cope GH, Baillie HS. Effects of 
growth hormone on intestinal morphology of genetically 
dwarf rats. J Anat 1995; 186 (Pt 2): 253-259

20	 Szkudlarek J, Jeppesen PB, Mortensen PB. Effect of high dose 
growth hormone with glutamine and no change in diet on 
intestinal absorption in short bowel patients: a randomised, 
double blind, crossover, placebo controlled study. Gut 2000; 
47: 199-205

21	 Byrne TA, Persinger RL, Young LS, Ziegler TR, Wilmore DW. 
A new treatment for patients with short-bowel syndrome. 
Growth hormone, glutamine, and a modified diet. Ann Surg 
1995; 222: 243-254; discussion 254-255

22	 Wilmore DW, Lacey JM, Soultanakis RP, Bosch RL, Byrne 
TA. Factors predicting a successful outcome after pharma
cologic bowel compensation. Ann Surg 1997; 226: 288-292; 
discussion 292-293

23	 Scolapio JS, Camilleri M, Fleming CR, Oenning LV, Burton 
DD, Sebo TJ, Batts KP, Kelly DG. Effect of growth hormone, 
glutamine, and diet on adaptation in short-bowel syndrome: 
a randomized, controlled study. Gastroenterology 1997; 113: 
1074-1081

24	 Deplancke B, Gaskins HR. Microbial modulation of innate 
defense: goblet cells and the intestinal mucus layer. Am J 
Clin Nutr 2001; 73: 1131S-1141S

25	 Gaudier E, Forestier L, Gouyer V, Huet G, Julien R, Hoebler C. 
Butyrate regulation of glycosylation-related gene expression: 
evidence for galectin-1 upregulation in human intestinal 
epithelial goblet cells. Biochem Biophys Res Commun 2004; 325: 
1044-1051

26	 Raguso CA, Leverve X, Pichard C. Protective effects of recom
binant growth hormone on intestinal mucosa in rats receiving 

www.wjgnet.com

 COMMENTS

Ersoy B et al . Growth hormone and small intestine							          5423



abdominal radiotherapy. Clin Nutr 2002; 21: 487-490
27	 Le Roith D, Scavo L, Butler A. What is the role of circulating 

IGF-I? Trends Endocrinol Metab 2001; 12: 48-52
28	 Chen K. Insulin-like growth factor 1 enhances mucosal 

adaptation after jejunoileal rejection. Gastroenterology 1999; 
102: 1949-1956

29	 Ohneda K, Ulshen MH, Fuller CR, D’Ercole AJ, Lund 
PK. Enhanced growth of small bowel in transgenic mice 
expressing human insulin-like growth factor I. Gastro­
enterology 1997; 112: 444-454

30	 Sigalet DL, Martin GR. Hormonal therapy for short bowel 
syndrome. J Pediatr Surg 2000; 35: 360-363; discussion 364

31	 Canani RB, Bisceglia M, Bruzzese E, Mallardo G, Guarino 
A. Growth hormone stimulates, through tyrosine kinase, 
ion transport and proliferation in human intestinal cells. J 
Pediatr Gastroenterol Nutr 1999; 28: 315-320

32	 Judge TA, Lichtenstein GR. Novel medical therapies for 
crohn’s disease: is there room for growth? Gastroenterology 
2001; 120: 308-311

33	 Coppola D, Ferber A, Miura M, Sell C, D’Ambrosio C, 
Rubin R, Baserga R. A functional insulin-like growth factor 
I receptor is required for the mitogenic and transforming 
activities of the epidermal growth factor receptor. Mol Cell 
Biol 1994; 14: 4588-4595

34	 DeAngelis T, Ferber A, Baserga R. Insulin-like growth factor 
I receptor is required for the mitogenic and transforming 
activities of the platelet-derived growth factor receptor. J Cell 
Physiol 1995; 164: 214-221

35	 Gu Y, Wu ZH. The anabolic effects of recombinant human 
growth hormone and glutamine on parenterally fed, short 
bowel rats. World J Gastroenterol 2002; 8: 752-757

36	 Blum WF, Albertsson-Wikland K, Rosberg S, Ranke MB. 
Serum levels of insulin-like growth factor I (IGF-I) and IGF 
binding protein 3 reflect spontaneous growth hormone 
secretion. J Clin Endocrinol Metab 1993; 76: 1610-1616

37	 Ney DM. Effects of insulin-like growth factor-I and growth 
hormone in models of parenteral nutrition. JPEN J Parenter 
Enteral Nutr 1999; 23: S184-S189

S- Editor  Tian L    L- Editor  O’Neill M    E- Editor  Ma WH

www.wjgnet.com

5424    ISSN 1007-9327    CN 14-1219/R    World J Gastroenterol    November 21, 2009    Volume 15    Number 43


