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Abstract: Exercise affects various organs. However, its effects on nutrient digestion and absorption
in the intestinal tract are not well understood. A few studies have reported that exercise training
increases the expression of carbohydrate digestion and absorption molecules. Exercise was also
shown to increase the concentration of blood glucagon like peptide-2(GLP-2), which regulates car-
bohydrate digestion and absorption in small intestinal epithelium. Therefore, we investigated the
effects of exercise on intestinal digestion and absorption molecules and the levels of GLP-2. 6-wk-
old of male mice were divided into 2 groups; sedentary (SED) and low-intensity exercise (LEx). LEx
mice were required to run on a treadmill (12.5 m/min, 60 min), whereas SED mice rested. All mice
were euthanized 1 h after exercise or rest and plasma, jejunum, ileum, and colon were sampled.
Samples were analyzed using EIA and immunoblotting. The levels of plasma GLP-2 and the expres-
sion of the GLP-2 receptor, sucrase-isomaltase (SI), and glucose transporter (GLUT2) in the jejunum
were increased in LEx group. We showed that acute low-intensity exercise affects the intestinal car-
bohydrate digestion and absorption molecules via GLP-2. Our results suggest that exercise might
provide new benefits to the small intestine for people with intestinal frailty.

Keywords: low intensity exercise; intestine; sodium-dependent glucose transporter; glucose trans-
porter 2; glucagon like peptide 2

1. Introduction

Exercise has been shown to affect the body by causing various physiological and bio-
chemical changes. In particular, exercise therapy has been tried out for the management
of dementia, weak locomotion-associated sarcopenia, and diabetes [1-6]. Several studies
have demonstrated the effects of exercise on various organs, and recently, effects have
also been reported on the small intestine [7,8]. These effects on the small intestine were
shown to mainly target intestinal permeability and inflammation [9-11], and less the di-
gestive and absorptive capability. In order for the host organism to absorb nutrients
from food, the process of digestion and absorption needs to occur in the small intestine.
However, after clinical treatment, such as fasting and total parenteral nutrition (TPN),
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the digestive and absorptive capability of the small intestine has been shown to be re-
markably reduced and associated with a decrease in the expression of nutrient diges-
tion- and absorption-related genes [12, 13]. To date, 2 studies have reported the effects of
exercise on intestinal glucose transporters. Motiani et al. reported that 2 wk of moderate
intensity training increased the expression level of glucose transporter 2 (GLUT2) in the
intestine of mice [14]. In addition, Kondo et al. reported that 6 wk of swimming exercise
induced substantial adaptations in the digestive capability of the pancreas and absorp-
tive capability in the small intestine in rats [15]. Therefore, exercise might be effective in
improving the digestive and absorptive molecules of carbohydrates in the small intes-
tine. Nevertheless, the mechanism underlying this adaptation remained unknown.

The expressions of carbohydrate transporters and saccharidases in the small intestine
are known to be regulated by nutritional stimulation. The sodium-dependent glucose
transporter (SGLT1) and GLUT?2 typical glucose transporters, as well as the sucrase-iso-
maltase (SI) known as typical disaccharidase, are known to react sensitively to dietary
saccharides, resulting in their increased expression. It was recently found that glucagon-
like peptide-2 (GLP-2) were also increased the expression of these proteins [16-19]. In
particular, GLP-2 is produced from endocrine L cells in the ileum and colon as progluca-
gon [20,21] and several studies on its effects in humans and animal models have sug-
gested it as a therapeutic agent for intestinal weaknesses, such as TPN, short bowel syn-
drome, and inflammatory bowel disease [22-27]. Among them, Drucker et al. have
demonstrated the efficacy of GLP-2 analogs in human [23], which is currently pharma-
ceutical approved as Teduglutide in the USA. In contrast, acute aerobic exercise has been
reported to increase the plasma levels of GLP-1 [28], which is a hormone produced from
the same proglucagon and secreted by the same L cells as GLP-2. Therefore, it is conceiv-
able that exercise might increase the plasma levels of GLP-2, leading to increased expres-
sion of carbohydrate transporters and disaccharidases in the small intestine. Investiga-
tion of the exercise-induced increase in the digestion and absorption of intestinal carbo-
hydrates and elucidation of its mechanism would provide new insights regarding the
implementation of exercise therapy in conditions of decreased digestion and absorption.

In this study, we hypothesized that exercise increases the expression levels of carbo-
hydrate digestion- and absorption-related proteins via GLP-2 and tested this hypothesis
using an acute low-intensity exercise model in mice.

2. Materials and Methods
2.1. Animal treatment and acute exercise

The present study was conducted in accordance with the principles and guidelines
for international animal care and was approved by the Animal Experimental Committee,
University of Tsukuba (approval number: 20-492). Briefly, 6-wk-old ICR male mice were
purchased from CLEA Japan Inc. (Tokyo, Japan). Mice were bred and maintained in an
air-conditioned animal house under specific pathogen-free conditions and subjected to
12/12 h light and dark cycles. Animals were fed standard mice pellet and water ad libi-
tum. At 7 wk of age, all mice were familiarized with treadmill running for 20-30 min.
Mice were divided into the sedentary (SED; n = 6) and low-intensity exercise (LEx; n = 6)
groups and were allowed to rest for 24 h. The LEx group performed acute treadmill run-
ning for 1 h at a rate of 12.5 m/min. Mice were subjected to fasting for 2 h before exercise.
After acute exercise, mice were allowed to rest for 1 h and then euthanized. Mice in the
SED group were sacrificed after 2 h of fasting followed by a rest period.
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2.2. Tissue Sampling

Mice were sacrificed by cervical dislocation under anesthesia. Blood samples were
collected into EDTA-2Na-containing 1.5 mL tubes and then centrifuged at 5,000 rpm and
4 °C for 10 min to obtain plasma. The small intestine was removed, and duodenum was
isolated and flushed using ice-cold phosphate buffered saline (PBS [2.7 mM KCl, 1.76
mM KH2POs, 137 mM NaCl, 10 mM Na:HPOx]). Subsequently, the small intestine was
cut in half and the duodenum side of the small intestine was used as the jejunum,
whereas the remaining side was used as the ileum. Approximately 1 cm of the central
part of the jejunum and ileum were used for morphological analysis. After that, the co-
lon was collected, and approximately 1 cm of the central part of the colon was used for
morphological analysis. The remaining samples were used for immunoblotting analyses.
Samples were frozen in liquid nitrogen and stored at -80 °C until further analysis.

2.3. Histochemical staining and immunohistochemical analysis

Tissues were fixed in 10 % formalin phosphate buffer (Nacalai Tesque, Kyoto, Japan)
for at least 24 h. Fixed ileum and colon samples were immersed in 70 % ethanol. Samples
were then paraffin embedded, sectioned (4 pm thick), and stained with hematoxylin and
eosin (H&E) (MUTO PURE CHEMICALS CO., LTD, Tokyo, Japan).

Hydrated samples were autoclaved (120 °C, 10 min) in 10 mM citrate buffer (pH 6.0)
for antigen activation before immunohistochemical (IHC) analysis. Subsequently, sam-
ples were permeabilized using 0.3 % H:0: in methanol and blocked with 5 % goat serum
(Sigma-Aldrich, St. Louis, MO, USA) in PBS for 1 h at 20~25 °C. GLP-2 antibody (1:100,
A5009, ABclonal Technology, Woburn, MA, USA) was diluted in 10 % goat serum in
PBS and incubated with samples overnight at 4 °C. Samples were washed thrice with
PBS and incubated with secondary antibody (1:150, #7074, horseradish peroxidase-con-
jugated anti-rabbit IgG, Cell Signaling Technology, Danvers, MA, USA) for 30 min at 25
°C. Finally, samples were washed thrice with PBS, and stained using the DAB stain kit
(Nacalai Tesque, Kyoto, Japan). All images were captured using a microscope (BZ-X710,
Keyence, Osaka, Japan).

2.4. Measurements of blood lactate and plasma GLP-2, glucose, triglycerides (TG), and nonesteri-
fied fatty acids (NEFA)

Blood lactate was measured before and after exercise using Lactate Pro2 (LT-1730,
ARKRAY, Inc., Kyoto, Japan). Plasma GLP-2 was measured using a mouse GLP-2 EIA
kit (Yanaihara Institute Inc., Shizuoka, Japan). Plasma glucose, TG, and NEFA were
measured using Glucose C II-test Wako and lab assay kits (FUJIFILM Wako Pure Chemi-
cal Corporation, Osaka, Japan). All assays were performed according to the manufac-
turer’s instructions.

2.5. Immunoblotting

Total proteins were extracted from the jejunum using RIPA buffer (1 M Tris-HCl, 5 M
NaCl, 0.5 M EDTA, 0.5 % sodium dodecyl sulfate, 2.5 % sodium deoxycholate, 5 % NP-
40, and distilled water including proteinase inhibitor [cOmplete™ mini, Roche, Basel,
Switzerland] and phosphatase inhibitor [PhosSTOP™, Roche, Basel, Switzerland]) tab-
lets. Lysates were centrifuged at 15,000 g for 15 min at 4 °C. The concentration of total
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protein for each sample was measured using a BCA protein assay kit (Takara Bio, Shiga,
Japan). Subsequently, 10 pg of total protein per lane was used for gradient gel electro-
phoresis. Proteins were transferred to polyvinylidene fluoride (PVDF) membranes,
which were then incubated with primary antibodies against SGLT1 (1:1,000, A11976,
ABclonal Technology, MA, Woburn, USA), GLUT2 (1:1,000, 20436-1-AP, Proteintech
Group Inc., Rosemont, IL, USA), GLUT5 (1:1,000, 27571-1-AP, Proteintech Group Inc.,
Rosemont, IL, USA), GLP-2R (1:1,000, A6602, ABclonal Technology, Woburn, MA, USA)
and Sucrase-Isomaltase (1:1,000, sc-393470, Santacruz Biotechnology, Dallas, TX, USA).
Horseradish peroxidase-conjugated anti-rabbit IgG (1:5,000, #7074, Cell Signaling Tech-
nology, MA, Danvers, USA) and anti-mouse IgG (1:5,000, #7076, Cell Signaling Technol-
ogy, MA, Danvers, USA) were used as secondary antibodies. Signals were detected us-
ing a chemiluminescence reagent (ECL Prime Western Blotting Detection Reagent, GE
Healthcare, Chicago, IL, USA). Blots were scanned using a chemiluminescence imaging
system (FUSION FX7.EDGE, Vilber Lourmat, Marne-la-Vallee, France).

2.6. Statistical analysis

Data are shown as the mean + standard deviation (SD). Data were subjected to un-
paired t-test to evaluate statistical significance. A value of p < 0.05 was considered statis-
tically significant. Statistical analyses were performed using GraphPad Prism 8.4.3
(GraphPad Software, San Diego, CA, USA) for Mac.

3. Results
3.1. Acute exercise did not affect blood lactate
As the low-intensity exercise was considered to be acute exercise in this study, we

measured the levels of blood lactate to validate the intensity of the exercise. We did not
observe any change in the concentrations of blood lactate (Figure 1).
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Figure 1. Effects of acute exercise on the concentrations of blood lactate. The concentrations of blood lactate
were measured before and after exercise. ALactate indicates the amount of change in blood lactate before and
after exercise. SED; sedentary group (n = 6). LEx; low-intensity exercise group (n = 6).

3.2. Acute exercise induced the levels of GLP-2 in the plasma and the expression of GLP-2R in
jejunum

We measured the GLP-2 in the ileum, colon and plasma using immunohistochemi-
cal analysis and EIA. In addition, we measured the expression of the GLP-2 receptor in
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jejunal samples. We found that GLP-2 in both ileum and colon (Figure 2-A). In particu-
lar, we observed that the levels of GLP-2 increased in the LEx group (Figure 2-B). In ad-
dition, the expression of GLP-2R was also demonstrated to be increased in LEx group

(Figure 2-C).
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Figure 2. Effects of acute exercise on GLP-2 in the ileum, colon, and plasma. A) Hematoxylin&eosin stain and
immunohistochemical (IHC) staining for GLP-2. Scale bar, 100 pm. Black arrows indicate GLP-2. B) Levels of
plasma GLP-2. C) Expression levels of GLP-2R in jejunum. GLP-2; glucagon-like peptide-2, GLP-2R; glucagon-
like peptide-2 receptor. CBB; Coomassie Brilliant Blue stain. To verify equal protein loading across lanes,
membranes were stained with CBB. The CBB bands represent the 35-48 kDa region where many internal con-
trols are present. SED; sedentary group (n = 6). LEx; low-intensity exercise group (n = 6). *p < 0.05.
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3.3. Acute exercise did not affect the concentrations of plasma glucose, TG, and NEFA.

To investigate the effect of acute exercise on blood parameters, we measured the
levels of plasma glucose, TG, and NEFA. Accordingly, we did not observe any change in

any of these blood parameters (Figure 3).
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Figure 3. Effects of acute exercise on the concentrations of plasma glucose, TG, and NEFA. TG; triglycerides,
NEFA; nonesterified fatty acids, SED; sedentary group (n = 6). LEx; low-intensity exercise group (n = 6).
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3.4. Acute exercise induced the protein expression levels of the SI and GLUT?2 in jejunum.

To investigate the effect of acute exercise on the digestion and absorption of carbo-
hydrates, we measured the expression of typical carbohydrate transporters and disac-
charidases. We found that the expression of both SI and GLUT?2 increased in the LEx
group (Figure 4).
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Figure 4. Effects of acute exercise on carbohydrate absorption- and digestion-related proteins. ***p < 0.0005,
*p <0.05. SI; sucrase-isomaltase. SGLT1; Na+-dependent glucose transporter 1. GLUT2; glucose transporter 2.
GLUTS5; glucose transporter 5. CBB; Coomassie brilliant blue stain. To verify equal protein loading across lanes,
membranes were stained with CBB. The CBB bands represent the 35-48 kDa region where many internal con-
trols are present. SED; sedentary group (n = 6). LEx; low-intensity exercise group (n = 6).

4. Discussion

This study was conducted with a focus on the potential alterations in the levels of
GLP-2 and carbohydrate digestion/absorption related molecules in the intestine follow-
ing acute exercise. Exercise already has been known to enhance the tight junctions in the
intestine [10], but its effect on the digestive and absorptive capability of the intestine is
less well-known. To test this, we subjected mice to a regimen of acute exercise and exam-
ined the changes in the expression of disaccharidase and monosaccharide transporters,
as well as in the GLP-2 positive regulator, in the intestine.

We did not detect any changes in the concentrations of blood lactate between pre-
and post-exercise (ALactate). Changes in the concentrations of blood lactate are known
to be dependent on the intensity of the exercise. Therefore, we correctly assumed that
the exercise intensity used in this study was low intensity.

We hypothesized that exercise induces the levels of GLP-2. We accordingly found
that the plasma levels of GLP-2 were increased in the LEx group (Fig. 2-B). Only one
other study has investigated the changes in the levels of GLP-2 after exercise. Janssen-
Duijghuijsen et al. reported that the serum levels of GLP-2 were increased in well-
trained healthy male cyclists after two exercise sessions [29]. However, their protocol
included the intake of casein protein and a multisugar solution. As the secretion of GLP-
2 is known to be increased by nutrient stimulation and changes in blood biochemical
parameters, such as TG and NEFA [30], the levels of GLP-2 could have been affected by
the intake of casein protein and multisugar solution. In contrast, in our study, mice were
not fed after exercise and no differences were observed in the levels of TG or NEFA (Fig.
3). Therefore, to the best of our knowledge, this is the first study reporting an increase in
the levels of GLP-2 due to low-intensity exercise alone.
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The expression of the GLP-2 receptor in the jejunum was also increased in parallel
with the increase in the level of GLP-2. A number of carbohydrate digestion and absorp-
tion factors are known to be downstream targets of the GLP-2 signaling via GLP-2R. In
particular, we found that the protein expression levels of SI and GLUT2 were increased,
while SGLT1 also showed an increasing trend, although not significant (Fig. 4). More
specifically, GLP-2 has been reported to upregulate the gene expression of SI, which is
known to be decreased by TPN [18]. Au et al. reported that the jejunal expression of
GLUT2 was promoted by GLP-2 in rats [16]. In addition, Cheeseman et al. found that
administration of GLP-2 increased the glucose uptake and expression of SGLT1 in the rat
jejunum [19]. Therefore, we assumed that the exercise-induced trend toward increased
GLUT2 and SGLT1 in this study was induced via GLP-2 signaling. It has been reported
that 6 wk of swimming training increased the expression of SGLT1, which was ex-
plained as an adaptation of the intestine to long-term exercise [15]. As the exercise style
of this study was treadmill running, whereas that of the previous study was swimming,
it was not possible to make a general comparison; however, GLP-2 might be a key factor
in the adaptation of the intestine to exercise.

There was one limitation in this experiment: we were not able to measure the active
form of GLP-2. There are two types of GLP-2 in blood, active (GLP-2-%) and inactive
(GLP-23%), and what we measured was the total amount of both in this study. Therefore,
we will be able to examine in detail how effective exercise is in inducing GLP-2 by meas-
uring the active form of GLP-2. In addition, experiments of long-term training by tread-
mill running would help to clarify the relationship between GLP-2 and exercise.

To date, the effects of exercise on the small intestine have mainly focused on tight
junctions. In this study, we reported the effects of exercise on the digestion and absorp-
tion of carbohydrates, which constitute one of the most essential nutrient sources for
humans. As the intestine is atrophied in TPN and short bowel syndrome, the restoration
of its functions are important. In this regard, the digestion and absorption of nutrients
are important, and exercise might contribute to the recovery through the increased levels
of GLP-2. In the future, using TPN and short bowel syndrome models, would better clar-
ify the effects of exercise on intestinal functions.

5. Conclusions

This study examined the effects of acute low-intensity exercise on the levels of GLP-
2 and intestinal digestion and absorption of carbohydrates molecules. Exercise increased
the secretion levels of GLP-2 and consequently the expression of SI and GLUT2. Hence,
exercise might likely improve the digestion and absorption of carbohydrates in the small
intestine via the elevated levels of GLP-2.

Author Contributions: methodology, K.A,, HF.,, T.N,, K.Y, Y.Y. and T. Sugasawa; validation, K.A.,
and T. Suzuki; formal analysis, K.A. and T. Suzuki; investigation, K.A., T. Suzuki, N.O., M.Y., S.F,,
Y.K. and K.T.; writ-ing—original draft preparation, K.A.; writing —review and editing, T. Suzuki,
N.O.,, MY, S[F, YK, and K.T,; visualization, K.A.; supervision, Y.K., and K.T.; project administra-
tion, project administration; funding acquisition, K.T. All authors have read and agreed to the pub-
lished version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Animal Experimental Committee, University of Tsukuba
(approval number: 20-492).

Data Availability Statement: Data can be made available on request.

Acknowledgments: We are grateful to Kanae Omura and Yasuhiro Shishikura for critical discus-
sion. We would like to thank Editage (www.editage.com) for English language editing.


https://doi.org/10.20944/preprints202104.0465.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 April 2021 d0i:10.20944/preprints202104.0465.v1

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Conflicts of Interest: The authors declare no conflict of interest.

References

Lourenco, M.V; Frozza, R.L.; de Freitas, G.B.; Zhang, H.; Kincheski, G.C.; Ribeiro, F.C.; Gongalves, R.A.; Clarke, J.R.; Beckman,
D.; Staniszewski, A. et al. Exercise-linked FNDC5/irisin rescues synaptic plasticity and memory defects in Alzheimer’s models.
Nat. Med. 2019, 25, 165-175.

Maesako, M.; Uemura, K.; Kubota, M.; Kuzuya, A.; Sasaki, K.; Hayashida, N.; Asada-Utsugi, M.; Watanabe, K.; Uemura, M.;
Kihara, T. et al. Exercise is more effective than diet control in preventing high fat diet-induced B-amyloid deposition and
memory deficit in amyloid precursor protein transgenic mice. J. Biol. Chem. 2012, 287, 23024-23033.

Aoki, K.; Konno, M.; Honda, K.; Abe, T.; Nagata, T.; Takehara, M.; Sugasawa, T.; Takekoshi, K.; Ohmori, H. Habitual Aerobic
Exercise Diminishes the Effects of Prone8 Model. Geriatrics (Basel) 2020, 5, 48.

Ziaaldini, M.M.; Koltai, E.; Csende, Z.; Goto, S.; Boldogh, I.; Taylor, A.W.; Radak, Z. Exercise training increases anabolic and
attenuates catabolic and apoptotic processes in aged skeletal muscle of male rats. Exp. Gerontol. 2015, 67, 9-14.

Eshima, H.; Tamura, Y.; Kakehi, S.; Nakamura, K.; Kurebayashi, N.; Murayama, T.; Kakigi, R.; Sakurai, T.; Kawamori, R.; Wa-
tada, H. Dysfunction of muscle contraction with impaired intracellular Ca 2 handling in skeletal muscle and the effect of exercise
training in male db/db mice. ]. Appl. Physiol. 2019, 126, 170-182.

Wang, J.; Polaki, V.; Chen, S.; Bihl, J. C. Exercise Improves Endothelial Function Associated with Alleviated Inflammation and
Oxidative Stress of Perivascular Adipose Tissue in Type 2 Diabetic Mice. Oxid. Med. Cell. Longev. 2020, 2020, 8830537.
Papadimitriou, K. Effect of resistance exercise training on Crohn’s disease patients. Intest. Res. 2020. doi: 10.5217/ir.2020.00043.
Scheiman, J.; Luber, ].M.; Chavkin, T.A.; MacDonald, T.; Tung, A.; Pham, L.D.; Wibowo, M.C.; Wurth, R.C.; Punthambaker, S.;
Tierney, B.T. et al. Meta-omics analysis of elite athletes identifies a performance-enhancing microbe that functions via lactate
metabolism. Nat. Med. 2019, 25, 1104-1109.

Pasini, E.; Corsetti, G.; Assanelli, D.; Testa, C.; Romano, C.; Dioguardi, F.S.; Aquilani, R. Effects of chronic exercise on gut mi-
crobiota and intestinal barrier in human with type 2 diabetes. Minerva Med. 2019, 110, 3-11.

Holland, A.M.; Hyatt, HW.; Smuder, A].; Sollanek, K.J.; Morton, A.B.; Roberts, M.D.; Kavazis, A.N. Influence of endurance
exercise training on antioxidant enzymes, tight junction proteins, and inflammatory markers in the rat ileum. BMC Res. Notes
2015, 8, 1-9.

Maillard, F.; Vazeille, E.; Sauvanet, P.; Sirvent, P.; Combaret, L.; Sourdrille, A.; Chavanelle, V.; Bonnet, R.; Otero, Y.F.; Delcros,
G. et al. High intensity interval training promotes total and visceral fat mass loss in obese Zucker rats without modulating gut
microbiota. PLoS ONE 2019, 14, 1-19.

Aoki, K; Yanazawa, K.; Tokinoya, K.; Sugasawa, T.; Suzuki, T.; Yoshida, Y.; Nakano, T.; Omi, N.; Kawakami, Y.; Takekoshi, K.
Renalase is localized to the small intestine crypt and expressed upon the activation of NF- k B p65 in mice model of fasting-
induced oxidative stress. Life Sci. 2021, 267, 118904.

Suzuki, T.; Mayanagi, Y.; Keta, A.; Kasahara, A.; Sato, A.; Takahashi, T. Oral administration of fructose improves jejunal villous
morphology and nutrient digestion and absorption capabilities in a rat model of total parenteral nutrition. Biomedical Research
and Clinical Practice 2019, 4, 1-8.

Motiani, K.K; Savolainen, A.M.; Eskelinen, ].J.; Toivanen, J.; Ishizu, T.; Yli-Karjanmaa, M.; Virtanen, K.A.; Parkkola, R.; Kapa-
nen, J.; Gronroos, T.J. et al. Two weeks of moderate-intensity continuous training, but not high-intensity interval training, in-
creases insulin-stimulated intestinal glucose uptake. J. Appl. Physiol. 2017, 122, 1188-1197.

Kondo, S.; Fukazawa, A.; Karasawa, T.; Terada, S. Effects of long-term exercise training for different durations on pancreatic
amylase activity and intestinal glucose transporter content in rats. Physiol. Rep. 2019, 7, €14255.

Au, A.; Gupta, A.; Schembri, P.; Cheeseman, C.I. Rapid insertion of GLUT2 into the rat jejunal brush-border membrane pro-
moted by glucagon-like peptide 2. Biochem. ]. 2002, 367, 247-254.

Scott, R.B.; Kirk, D.; Macnaughton, W.K.; Meddings, ].B. GLP-2 augments the adaptive response to massive intestinal resection
in rat. Am. J. Physiol 1998, 275, 911-921.

Kitchen, P.A.; Fitzgerald, A.J.; Goodlad, R.A.; Barley, N.F.; Ghatei, M.A.; Legon, S.; Bloom, S.R.; Price, A.; Walters, ].R.; Forbes,
A. Glucagon-like peptide-2 increases sucrase-isomaltase but not caudal-related homeobox protein-2 gene expression. Am. .
Physiol. Gastrointest. Liver Physiol. 2000, 278, 425-428.

Cheeseman, C.I. Upregulation of SGLT-1 transport activity in rat jejunum induced by GLP-2 infusion in vivo. Am. ]. Physiol.
1997, 273, 1965-1971.

Topstad, D.; Martin, G.; Sigalet, D. Systemic GLP-2 levels do not limit adaptation after distal intestinal resection. . Pediatr. Surg.
2001, 36, 750-754.

Jeppesen, P.B.; Hartmann, B.; Thulesen, ]J.; Hansen, B.S.; Holst, ].].; Poulsen, S.S.; Mortensen, P.B. Elevated plasma glucagon-like
peptide 1 and 2 concentrations in ileum resected short bowel patients with a preserved colon. Gut 2000, 47, 370-376.

Drucker, D.J.; Shi, Q.; Crivici, A.; Sumner-Smith, M.; Tavares, W.; Hill, M.; DeForest, L.; Cooper, S.; Brubaker, P.L. Regulation
of the biological activity of glucagon-like peptide 2 in vivo by dipeptidyl peptidase IV. Nat. Biotechnol. 1997, 15, 673—677.
Drucker, D.J.; DeForest, L.; Brubaker, P.L. Intestinal response to growth factors administered alone or in combination with
human [Gly2] glucagon-like peptide 2. Am. ]. Physiol. 1997, 273, G1252-G1262.

Chance, W.T.; Foley-Nelson, T.; Thomas, I.; Balasubramaniam, A. Prevention of parenteral nutrition-induced gut hypoplasia by
coinfusion of glucagon-like peptide- 2. Am. J. Physiol. 1997, 273, G559-G563.


https://doi.org/10.20944/preprints202104.0465.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 April 2021 d0i:10.20944/preprints202104.0465.v1

25.

26.

27.

28.

29.

30.

L’Heureux, M.C.; Brubaker, P.L. Glucagon-like peptide-2 and common therapeutics in a murine model of ulcerative colitis. J.
Pharmacol. Exp. Ther. 2003, 306, 347-354.

Alavi, K.; Schwartz, M.Z.; Palazzo, ].P.; Prasad, R. Treatment of inflammatory bowel disease in a rodent model with the intesti-
nal growth factor glucagon-like peptide-2. J. Pediatr. Surg. 2000, 35, 847-851.

Buchman, A.L.; Katz, S.; Fang, ].C.; Bernstein, C.N.; Abou-Assi, 5.G.; Teduglutide Study Group. Teduglutide, a novel mucosally
active analog of glucagon-like peptide-2 (GLP-2) for the treatment of moderate to severe Crohn’s disease. Inflamm. Bowel Dis.
2010, 16, 962-973.

Martins, C.; Morgan, L.M.; Bloom, S.R.; Robertson, M.D. Effects of exercise on gut peptides, energy intake and appetite. J. En-
docrinol. 2007, 193, 251-258.

JanssenDuijghuijsen, L.M.; Mensink, M.; Lenaerts, K.; Fiedorowicz, E.; van Dartel, D.A.M.; Mes, ].J.; Luiking, Y.C.; Keijer, J.;
Wichers, H.J. The effect of endurance exercise on intestinal integrity in well-trained healthy men. Physiol. Rep. 2016, 4, 1-15.
Wu, T.; Rayner, C.K.; Watson, L.E.; Jones, K.L.; Horowitz, M.; Little, T.]. Comparative effects of intraduodenal fat and glucose
on the gut-incretin axis in healthy males. Peptides 2017, 95, 124-127.


https://doi.org/10.20944/preprints202104.0465.v1

