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Summary

Glucagon-like-peptidle 2  (GLP-2) is an  endogenous
enteroendocrine physiological trophic peptide. Glepaglutide is
a novel long-acting GLP-2 analog under development for the
treatment of patients with Short Bowel Syndrome (SBS). The
objective of this work was to compare the small intestinal trophic
effects in both genders following short (1 week) versus long-term
(26-39 weeks) GLP-2 treatment in Wistar rats and Beagle dogs.
Following both short- and long-term treatment with glepaglutide,
a significant dose-dependent intestinotrophic effect was seen in
both genders and species. At all doses increased length and
weight of the small intestine as well as macroscopic thickening
and villous hypertrophy were noted in all segments of the small
intestine, without any differences between genders. The findings
were still present following a 6-week recovery period, indicating
long-acting intestinotrophic effects of glepaglutide. These studies
demonstrate that a long-acting GLP-2 analog (glepaglutide) has
a fast onset and long duration of intestinotrophic action with
similar profile in both genders and species (rat and dog).
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Glucagon-like-peptide 2 (GLP-2) is a 33-amino-
acid endogenous peptide formed from the cleavage of
pro-glucagon in enteroendocrine L cells of the intestines.
Under normal conditions, GLP-2 is secreted in response
to nutrient intake but is rapidly degraded by the enzyme
dipeptidyl peptidase IV. The activation of the GLP-2

receptor with GLP-2 induces growth of primarily the
intestinal epithelium via proliferation in the crypts, and
inhibition of apoptosis of the villi. Pre-clinical animal
experiments have shown that the intestinotrophic effect of
GLP-2 is not gender or strain specific. Furthermore, no
clinically relevant gender differences have been observed
in clinical studies with GLP-2 (1-9).

Glepaglutide is a novel long-acting GLP-2
analog (39-amino acid peptide) currently in phase 3
clinical trials for the treatment of patients with Short
Bowel Syndrome (SBS). Nonclinical pharmacology
studies in rodents (mice and rats) have shown that
glepaglutide is a potent and selective GLP-2 receptor
agonist, producing a dose dependent intestinotrophic
effect on small intestinal mass. For glepaglutide, it is
unknown whether this intestinotrophic effect declines
over long-time treatment and whether they are gender
and/or species dependent (small versus large species).

The objective of this study was to compare the
small intestinal trophic effects following short- and long-
term GLP-2 treatment (glepaglutide) in both genders of
Wistar rats and Beagle dogs.

All studies were conducted in accordance with
the applicable sections of the United Kingdom Animals
(Scientific ~ Procedures) Act 1986, Amendment
Regulations 2012 (the Act) or the Danish Animal Welfare
Act (2014).

Short-term treatment: Wistar rats
(7 males/group) were dosed subcutaneously (SC) with
vehicle, 0.1, 0.25, 1, 4 and 10 mg/kg glepaglutide once
daily (QD) for 7 days. The dose levels were selected in
order to investigate a broad dose range to determine no,
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minimal and maximal effects. The weight of the small
intestine was measured at necropsy as indicators of
intestinotrophic effects.

Long-term treatment: Wistar rats (15 animals/
sex/group) and Beagle dogs (4 animals/sex/group)
received QD SC doses of vehicle or increasing doses of
26 and 39 weeks,

Sub-groups of the vehicle and high dose groups in the rat

glepaglutide for respectively.

(8 animals/sex/group) and the dog (2 animals/sex/group)
study were allowed a 6-week recovery period. The
highest dose levels were selected based on the maximum
tolerable dose seen in previous studies with glepaglutide
(ICH M3(R2)).

During the studies, blood samples were collected
for determination of the pharmacokinetic profile, body

A B

204 20-
154 hd

104

5]

Small Intestinal weight
(9)
>
1
i
Small Intestinal weight
(9)

Veh 0.1 0.25 1 4 10 Veh
mg/kg [

1mghkg 3mglkg 10 mglkg Veh

weight was recorded, and the food consumption
measured. In addition to other standard toxicology
parameters measured during the studies (data not
presented), the length and the weight of the small
intestine were measured at necropsy as indicators of
intestinotrophic effects and the small intestine was
evaluated histologically.

short-term

Intestinotrophic effects: In rats,

treatment with glepaglutide caused dose-dependent
increases in the weight of the small intestine of all dose
groups (Fig. 1A). Long-term treatment with glepaglutide
caused dose-dependent increases in the weight of the
small intestine of all dose groups. The weight of the small
intestine was still increased following the recovery period

(Fig. 1B). In addition, the length of the small intestine
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Fig. 1. Intestinotrophic effects of glepaglutide in male (m) and female (o) Wistar rats. (A) Effects of short-term treatment with
glepaglutide on small intestinal weight in male rats (g), (B) Effects of long-term treatment with glepaglutide on small intestinal weight
(g9) in male and female rats, and (C) Effects of long-term treatment with glepaglutide on small intestinal length (cm) in male and female
rats. Data are presented as mean + SD. Statistical analysis were one-way ANOVA followed by Dunnett’s Multiple Comparison tests (A),
and one-way ANOVA followed by Shirley’s test for male and female weight and female length during dosing, one-way ANCOVA followed
by Williams’ test for male length during dosing. One-way ANCOVA followed by t-test for all during recovery (B and C).
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Fig. 2. Intestinotrophic effects of glepaglutide in male (m) and female (o) Beagle dogs. (A) Effects of long-term treatment with
glepaglutide on small intestinal weight (g) in male and female dogs, and (B) Effects of long-term treatment with glepaglutide on small
intestinal length (cm) in male and female dogs. Data are presented as mean + SD. Statistical analysis was one-way ANCOVA followed
by Williams' test during dosing. No statistical analysis on recovery data.
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was statistically increased at all doses and this effect was
also still present following the recovery period (Fig. 1C).
Increased length of the small intestine was also seen
following long-term exposure in dogs, which was
significant at the mid and the high dose in females. The
weight of the small intestine was increased at all dose
levels. Increases in both length and weight were still
present after recovery; however, no statistical analysis
was performed due to the low number of animals in each
group (Fig. 2A,B). No differences between genders were
seen for both weight and length measurements.
Pathology: At all dose levels in both species,
macroscopic thickening of the duodenum, jejunum and
ileum was present. Histologically, glepaglutide produced
a dose-related increase in mucosal hyperplasia of the
duodenum, jejunum and ileum, still present at end of
recovery period.
Toxicokinetics: At state, the
pharmacokinetic profiles of glepaglutide within the

steady

dosing interval were relatively constant in both rats and
dogs, and therefore an accurate half-life could not be
determined. At the end of the
glepaglutide could still be measured in the plasma of 2

recovery period,

out of 4 dogs.

Bodyweight and food consumption: Following
long-term treatment, the food consumption in rats was
slightly low in the mid and high dose group. However, no
differences in body weight were observed. In dogs, there
was a lower weight gain in females given the high dose
after long term treatment. However, no differences in

References

food consumption were seen.
with
a significant dose-dependent intestine-

Following short-term treatment
glepaglutide,
trophic effect was seen in rats. This response was similar
to findings after 26 and 39 weeks of dosing in rats and
dogs, respectively. At all doses, increased length and
weight of the small intestine as well as macroscopic
thickening and villous hypertrophy were noted in all
segments of the small intestine, with no differences
between genders. These findings were still present
following a 6-week recovery period, indicating long-
acting intestinotrophic effects of glepaglutide.

These studies demonstrate that short and long-
with long-acting GLP-2
(glepaglutide) has a fast onset and long duration of action

term treatment analog
(intestinal trophic effects) with similar profile in small
and larger mammalian species and in both genders. The
prolonged action can be explained by the protracted
pharmacokinetic profile of glepaglutide observed in the
long-term studies. Clinical trials in humans are underway

to validate this concept.

Conflict of Interest
There is no conflict of interest.

Acknowledgements

The authors would like to thank Dr Wayne Russell for his
contribution to the short term studies and for the visual
presentation of data.

1. Benjamin MA, McKay DM, Yang PC, Cameron H, Perdue MH. Glucagon-like peptide-2 enhances intestinal

epithelial barrier function of both transcellular and paracellular pathways in the mouse. Gut. 2000;47(1):

112-119. https://doi.org/10.1136/gut.47.1.112

2. Drucker DJ, Yusta B. Physiology and pharmacology of the entero- endocrine hormone glucagon-like peptide-
2. Annu Rev Physiol. 2014; 76:561-583. https://doi.org/10.1146/annurev-physiol-021113-170317
3. Hartmann B, Harr MB, Jeppesen PB, Wojdemann M, Deacon CF, Mortensen PB, Holst JJ. In vivo and in vitro

degradation of glucagon-like peptide-2
https://doi.org/10.1210/jcem.85.8.6717

in humans.

J Clin Endocrinol Metab 2000;85:2884-2888.

. ICH M3 (R2) Non-clinical safety studies for the conduct of human clinical trials for pharmaceuticals.

5. NPS Pharmaceuticals (2012). GATTEX (teduglutide [rDNA origin]): Highlights of prescribing information.
Wallis K., Walters J.R., Forbes A. Review article: glucagon-like peptide 2--current applications and future
directions. Aliment Pharmacol Ther 2007; 25:365-72. https://doi.org/10.1111/7.1365-2036.2006.03193.x

7. Warner BW. GLP-2 as therapy for the short-bowel syndrome. Gastroenterology 2001; 120(4): 1041-1043.

https://doi.org/10.1053/gast.2001.22560

8. Sinclair E, Drucker D.J. Proglucagon-derived peptides: mechanisms of action and therapeutic potential.
Physiology 2005, 20: 357-365. https://doi.org/10.1152/physiol.00030.2005




326 Glerupetal. Vol. 71

9. Tavares W., Drucker D.J., Brubaker P.L. Enzymatic- and renal-dependent catabolism of the intestinotropic
hormone glucagon-like peptide-2 in rats. Am J Physiol Endocrinol Metab 2000; 278:E134-E139.
https://doi.org/10.1152/ajpendo.2000.278.1.E134





<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues false

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /CZE <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



