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Abstract

Objectives Intestinal bacteria are thought to be involved in the initiation and
perpetuation of inflammatory bowel diseases. Prebiotics (non-digestable dietary carbo-
hydrate) have beneficial properties that alter the intestinal flora and contain glutamine-rich
protein. Glutamine significantly decreases indices of inflammation. In this study, an
enzymatic hydrolysate of corn gluten (EHCG) was administered by gavage to Sprague-
Dawley rats fed an elemental diet to determine whether EHCG can ameliorate experi-
mental colitis.
Methods Colitis was induced by intrarectal administration of 2,4,6-trinitrobenzene sulfonic
acid after 10 days’ daily oral administration of EHCG at 100 and 300 mg/kg. Macroscopic
damage was assessed using a scoring system. The mucosa homogenate was sonicated and
myeloperoxidase activity and histamine levels measured.
Key findings Treatment with EHCG significantly decreased the severity of injury and
reduced myeloperoxidase activity and histamine levels in the distal colon mucosa.
Conclusions EHCG may have therapeutic benefit as a supplement in enteral nutrition for
patients with inflammatory bowel diseases.
Keywords enzymatic hydrolysate of corn gluten; histamine; inflammatory bowel
diseases; myeloperoxidase activity

Introduction

Ulcerative colitis and Crohn’s disease are inflammatory bowel diseases (IBD) characterised
by cycles of acute inflammation and ulcerative bleeding of the colonic mucosa. However,
little is known about the aetiology of these diseases. The intestinal bacteria are thought be
involved in the initiation and perpetuation of IBD.[1,2]

The use of dietary fibre and germinated barley foodstuff (GBF), a glutamine-rich protein,
has been shown to reduce inflammatory scores in rats with colitis induced by dextran sulfate
sodium (DSS).[3,4] The dietary fibre component, goats milk oligosaccharide or lactulose, has
a beneficial effect on rats with colitis induced by DSS[5] or 2,4,6-trinitrobenzene sulfonic
acid (TNBS).[6] However, the effect of the protein component of GBF is not clear.

IBD are characterised by a marked increase in the number of mast cells, resulting in
infiltration of inflammatory cells into mucosal lesions.[7] Histamine has been recognised
as a major mediator in allergic disease, and highly elevated histamine levels have been
detected in the mucosa of patients with IBD.[8]

In this study, we administered an enzymatic hydrolysate of corn gluten (EHCG) by
gavage to Sprague-Dawley rats, to assess whether EHCG can ameliorate experimental
colitis, in order to determine its efficacy as a supplement for enteral nutrition.

Materials and Methods

Chemicals

TNBS was purchased from Wako Pure Chemicals (Osaka, Japan). EHCG was purchased
from Sigma (St Louis, MO, USA).

Animals

Twenty-four male Sprague-Dawley rats weighing 180 ± 20 g were obtained from Japan SLC
Inc. (Shizuoka, Japan). They were housed in standard cages and fed a commercial elemental
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diet (Elental, Ajinomoto Pharma Co., Ltd, Tokyo, Japan) and
tap water ad libitum. All procedures for handling animals were
approved by the Animal Experimentation Committee of Gifu
Women’s University Graduate School of Human Life
Science.

Experimental procedure

The rats were divided into four groups of six rats. EHCG was
administered at either 300 mg/kg (high dose) or 100 mg/kg
(low dose) daily by gavage for 10 days in two groups. A third
group, the disease control group, were given saline (EHCG
vehicle). Colitis was induced after 10 days’ treatment in these
three groups of rats by intrarectal administration of TNBS,
120 mg/kg, dissolved in 1 ml 50% (v/v) ethanol through a
2 mm silicone rubber tube approximately 5 cm proximal to
the anus.[9] The fourth group of rats were the untreated control
group, given intrarectal ethanol. Rats were sacrificed 12 h
after administration of TNBS and the descending colon was
cut at the pubic symphysis.

Macroscopic assessment of colon damage

Macroscopic damage was assessed using a scoring system
that quantifies the area of inflammation and the presence or
absence of ulcers using four standard parameters:[10] adhesions
(0 = none, 1 = minimum, 2 = involving several bowel loops);
wall thickness (0 = less than 1 mm, 1 = 1–3 mm, 2 =more than
3 mm); strictures (0 = none, 2 = mild, 3 = severe proximal
dilatation); and ulcers (0 = none, 1 = linear ulceration < 1 cm,
2 = two linear ulcers< 1 cm, 3 =more sites of ulceration or one
large ulcer > 1 cm).

Measurement of myeloperoxidase activity

Samples were collected according to previously reported
methods.[9,11] The mucosa was scraped from 5-cm long
samples and homogenised in hexadecyltrimethylammonium
bromide buffer (pH 6.0). The homogenate was sonicated and
subjected to three cycles of freezing and centrifugation at
20 000g for 30 min at 4°C. An aliquot of the supernatant was
assayed for myeloperoxidase (MPO) activity according to a
method described previously.[12] The rate of change in
absorbance in the mixture of supernatant and guaiacol–H2O2

buffer was measured at 460 nm. One MPO activity unit
corresponds to 1 μmol H2O2 degraded in 1 min. Protein was
quantified using a commercial protein assay kit (Coomassie
protein assay reagent; Pierce, Rockford, IL, USA).

Measurement of histamine levels

Levels of histamine in the mucosa were determined using
a commercial histamine enzyme immunoassay kit (SPI-BIO,
Montigny-Le-Bretonneux, France).

Statistical analysis

Results are given as means ± SE. Differences between groups
were tested using the Kruskal–Wallis test and Nemenyi test;
P < 0.05 was considered significant.

Results

Severity of colitis

The effects of EHCG on strictures and ulcers are shown in
Table 1. Pretreatment with high-dose EHCG significantly
decreased the extent and severity of the injury as evidenced
by macroscopic damage.

Myeloperoxidase activity

Acute injury by TNBS administration was characterized by an
increase in MPO activity in the inflamed mucosa. Pretreat-
ment with high-dose EHCG significantly reduced MPO
activity (Figure 1).

Histamine levels

Acute injury by TNBS administration was characterized by
an increase in the histamine in the inflamed mucosa.
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Figure 1 Effects of pretreatment with an enzymatic hydrolysate of

corn gluten (EHCG) on myeloperoxidase (MPO) activity in the distal

colon mucosa of rats with experimental colitis. Bars show means ± SE

(n = 6). *P < 0.05 vs disease control group

Table 1 Effects of enzymatic hydrolysate of corn gluten (EHCG) on

the severity of colitis

Damage score

Mean ± SD Median (range)

Untreated 0.20 ± 0.20 0 (0–1)

Disease control 6.50 ± 0.41 7 (6–7)

EHCG, 100 mg/kg 5.33 ± 0.33 5 (5–6)

EHCG, 300 mg/kg 1.66 ± 0.67* 1 (1–3)

Values are from six experiments. *P < 0.05 vs disease control group.
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Pretreatment with high-dose EHCG significantly reduced this
increase in histamine (Figure 2).

Discussion

IBD are complex autoimmune diseases whose aetiology
and pathogenesis have not been fully elucidated. Multiple
aetiological theories have been proposed. TNBS-induced
colitis shares many of the histopathological and clinical
features of human IBD and is used as an animal model of
immunological colon injury. Macroscopic damage is com-
monly assessed by a scoring system[10] and inflammation is
accompanied by a drastic elevation of MPO activity.

In the present study, administration of high-dose EHCG
significantly attenuated the severity of colitis, MPO activity
and histamine levels. However, low-dose EHCG did not
attenuate the severity of colitis and histamine levels. These
results suggest that the severity of colitis depends on
histamine levels as a chemoattractant.

Mast cells are major participants of allergy reactions and
are known as a source of inflammatory chemicals,
including histamine, heparin, neutral proteases and cyto-
kines. Marked increases in the number of mast cells and
highly elevated histamine levels are seen in the mucosa
of patients with IBD.[7,8] Histamine also activates neutro-
phils as a chemoattractant. This study showed that
histamine levels and MPO activities were increased in
rats with TNBS-induced colitis.

Intestinal bacteria are thought to be involved in the
initiation and perpetuation of IBD.[2] Probiotic bacteria and
prebiotics (non-digestable dietary carbohydrate) have bene-
ficial effects on the intestinal flora. GBF is a prebiotic
product made from malt which contains glutamine-rich
protein and hemicellulose-rich fibre. GBF significantly
attenuated mucosal damage and reduced levels of inter-
feron-γ and interleukin-6 in the colonic mucosa in mice.[13]

Glutamine significantly decreased indices of inflammation
when administered before induction of colitis by TNBS
in rats.[14]

Other indicators of inflammation such as nitrates/nitrites
can also be evaluated. Nitric oxide (NO) production is a sign
of granulocyte and mast cell activation in coeliac disease.[15]

The relative NO production was lower after corn gluten
challenge than after wheat gluten challenge in patients with
coeliac disease. Corn gluten is a non-toxic ingredient that is
included in the diets of patients with coeliac disease. In this
study, administration of EHCG significantly attenuated the
increase in mast cell degranulation in rats with TNBS-
induced colitis. We now plan to examine the effects of
EHCG on mucosal histology.

Conclusions

These results indicate that EHCG attenuates inflammatory
histamine levels and neutrophil migration, and may therefore
have therapeutic efficacy as a supplement in enteral nutrition
for patients with IBD.

Declarations

Conflict of interest

The Author(s) declare(s) that they have no conflicts of
interest to disclose.

Funding

This research received no specific grant from any funding
agency in the public, commercial or not-for-profit sectors.

References

1. Kanauchi O et al. Modification of intestinal flora in the

treatment of inflammatory bowel disease. Curr Pharm Des

2003; 9: 333–346.

2. Ewaschuk JB, Dieleman LA. Probiotics and prebiotics

in chronic inflammatory disease. World J Gastroenterol 2006;

12: 5941–5950.

3. Fukuda M et al. Prebiotic treatment of experimental colitis with

germinated barley foodstuff: a comparison with probiotic or

antibiotic treatment. Int J Mol Med 2002; 9: 65–70.

4. Kanauchi O et al. Dietary fiber fraction of germinated barley

foodstuff attenuated mucosal damage and diarrhea, and

accelerated the repair of the colonic mucosa in an experimental

colitis. J Gastroenterol Hepatol 2001; 16: 160–178.

5. Rumi G et al. Protective effect of lactulose on dextran sulfate

sodium-induced colonic inflammation in rats. Dig Dis Sci 2004;

49: 1466–1472.

6. Schultz M et al. Effect of feeding a probiotic preparation (SIM)

containing inulin on the severity of colitis and on the

0.0

0.1

0.2

0.3

0.4

0.5

0.6

H
is

ta
m

in
e 

co
nc

n 
(n

m
ol

/m
g 

pr
ot

ei
n)

H
is

ta
m

in
e 

co
nc

n 
(n

m
ol

/m
g 

pr
ot

ei
n)

*

Untreated Disease
control

EHCG
100 mg/kg

EHCG
300 mg/kg

Figure 2 Effects of pretreatment with an enzymatic hydrolysate of corn

gluten (EHCG) on histamine levels in the distal colon mucosa in rats with

experimental colitis. Bars show means ± SE (n = 6). *P < 0.05 vs disease

control group

Anti-colitis effects of corn gluten hydrolysate Miyako Mochizuki et al. 391



composition of the intestinal microflora in HLA-B27 transgenic

rats. Clin Diagn Lab Immunol 2004; 11: 581–587.

7. Xie H, He SH. Roles of histamine and its receptors in allergic

and inflammatory bowel diseases. World J Gastroenterol 2005;

11: 2851–2857.

8. He SH. Key role of mast cells and their major secretory

products in inflammatory bowel disease. World J Gastroenterol

2004; 10: 309–318.

9. Kankri E et al. Suppression of acute experimental colitis

by a highly selective inducible nitric-oxide synthase inhibitor,

N-[3-(aminomethyl)benzyl]acetamidine. J Pharmacol Exp Ther

2001; 298: 1128–1132.

10. Sato K et al. Dietary supplementation of catechins and

α-tocopherol accelerates the healing of trinitrobenzene sulfonic

acid-induced ulcerative colitis in rats. J Nutr Sci Vitaminol

1998; 44: 769–778.

11. Mochizuki M, Hasegawa N. Therapeutic efficacy of pycnogenol

in experimental inflammatory bowel diseases. Phytother Res

2004; 18: 1027–1028.

12. Tian L et al. Down regulation of electroacupuncture at ST36 on

TNF-α in rats with ulcerative colitis. World J Gastroenterol

2003; 9: 1028–1033.

13. Kanauchi O et al. Germinated barley foodstuff ameliorates

inflammation in mice with colitis through modulation of

mucosal immune system. Scand J Gastroenterol 2008; 10:

1–7.

14. Israeli E et al. Prophylactic administration of topical glutamine

enhances the capability of the rat colon to resist inflammatory

damage. Dig Dis Sci 2004; 49: 1705–1712.

15. Kristjansson G et al. Gut mucosal granulocyte activation precedes

nitric oxide production: studies in celiac patients challenged with

gluten and corn. Gut 2005; 54: 769–774.

392 Journal of Pharmacy and Pharmacology 2010; 62: 389–392



<<
  /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
  /CreateJDFFile false
  /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 true
  /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 true
  /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 true
  /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 true
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


