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The role of vitamin E and NO-synthase system
in cytoprotective mechanisms of gastric mucosa

Rola witaminy E i systemy syntazy NO w mechanizmach cytoprotekcji §luzowki zotadka

In the cytoprotective processes of gastric mucosa (GM), numerous factors are involved including
vitamin E (Vit E) and nitric oxide (NO). Small doses of Vit E are known to possess antioxidant
properties and exert a protective effect in GM. In the research of recent years, it was stated that in
ulcerogenic stress-induced damage to GM, Vit E reduced lipoperoxidation processes and ulcer index,
but cytoprotective effect of Vit E was not associated with acid and saliva secretion and increased the
content of PGE2 [1, 6, 8] In physiological conditions, NO is synthesized in the stomach by eNOS,
while in the inflammatory processes and cancerogenesis, NO concentration increases sharply due
to the activation of iNOS. NO synthesized by eNOS and iNOS acts diversely on the processes of
cytoprotection in ulcer lesions of GM. Thus, injections of a nonselective blocker of eNOS and iNOS
—L-NNA considerably aggravated the degree of stomach lesions whereas selective blockage of iINOS
displayed its protective effect [9]. Injection of L-arginin at the background of ulcerogenic lesions
of the stomach, diminished the activity of lipoperoxidation processes and resulted in manifested
gastroprotection [7, 11].

The objective of the research was to estimate cytoprotective processes in GM under a combined
effect of Vit E with a substrate for NO synthases — L-arginine or under the blockage of iNOS with
L-canavalin.

MATERIAL AND METHODS

The investigations were carried out on 22 white rats, according to the international regulations
for work with the use of laboratory animals. Ulcerogenic lesions of GM were modeled with
adrenaline injected intraperitoneally in the dose of 2 mg/kg. Vit E (intramuscular dose of 150 mg/kg),
L-canavalin (in the dose of 100 mg/kg), a blocker of inducible NO-synthase, and L-arginine (in the
dose of 300 mg/kg), the substrate for NO synthases, were injected 30 min. prior to the modeling of
ulcerogenic lesions.

The research comprised six series: in the 1% series, there was determined ulcerogenic effect of
adrenaline; in the 2™ — effect of Vit E at the background of stress-induced damage to the stomach, in
the 3™ — action of the blocker of inducible NO-synthase L-canavalin at the background of adrenaline
effect; in the 4" — action of L-arginine at the background of adrenaline effect; in the 5" — a combined
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action of Vit E and L-canavaline; and in the 6" — a combined action of Vit E and L-arginine. Changes
of lipoperoxidation processes were investigated on the basis of the assessments of MDA, the activity
of the antioxidant protection enzymes (SOD and catalase), and the content of nitric oxide (NO,),
measured with the use of Griess reagent [5]. Results of the investigation were processed by the
method of variation statistics with the deternmination of Student’s t-criteria.

RESULTS

The obtained findings showed that adrenaline impact induces the development of characteristic
structure-hemorrhagic lesions of GM in the form of separate ulcerative defects, erosions, micro- and
macroscopic hemorrhages; besides, there were observed increases of the concentration of products
of thiobarbituric acid (PTBA) from 238.99+25.46 mcmol/g X tis up to 306.83+16.0 mcmol/g tis
(by 28%, p < 0.05), and of nitric oxide concentration — from 14.55+1.31 up to 23.5+£2.46 mcmol/l
(by 62%), the activity of SOD enhanced from 20.57+7.54 to 32.14+4.74 MOx10 (by 56%), and
that of catalase diminished from 0.45+0.09 down to 0.298+0.062 mcmol H202/g X hr (by 34%), as
compared to the data in the intact animals.

Injection of Vit E at the background of ulcerogenic action of adrenaline resulted in a decrease of
the area of structure-hemorrhagic lesions, a slight decrease of MDA content (by 9%), and insignificant
changes of NO content. At the same time, SOD activity reduced by 34% as compared to the effect
exerted by adrenaline, and catalase activity failed to show any considerable alterations.

Development of ulcerative lesions of GM is known to be accompanied not only by the increase of
iNOS expression and intensified biosynthesis of nitric oxide, but also by the neutrophilic infiltrations
to GM, enhanced activity of myeloperoxidase, and increased levels of anti-inflammatory cytokines
— IL-1B, necrosis factor of tumor-a [2, 9].

To evaluate the role of Vit E and NO-synthase system, we conducted investigations of iNOS
blockage with the selective blocker L-canavalin under its combined action with Vit E, at the
background of the ulcerogenic effect produced by adrenaline. Under a combined blockage of iNOS
and injection of Vit E, MDA content decreased sharply — by 41% (p<0.05) and the content of nitric
oxide — by 37% (p<0.05) versus the data due to the effect of Vit E and adrenaline. At the same time,
the activity of SOD was somewhat enhanced — by 12% and catalase activity reduced by 12%. It has to
be mentioned that due to the blockage of iNOS at the background of adrenaline impact, MDA content
decreased by 38% (p<0.05) and a combined action of Vit E and L-canovalin induced a decrease
of MDA concentration by 46%, which is evidence of the predominant action of NO, synthesized
by iNOS, in the activation of lipoperoxidation processes, and the antioxidant effect of Vit E was
less pronounced. The combined action of Vit E and L-canavalin displayed a unidirected antioxidant
action realized by different mechanisms.

Thus, in combined blockage of iNOS and injection of Vit E we observed a reduced activity
of lipoperoxidation processes and a decreased content of nitric oxide whereas the activity of
antioxidant protection enzymes changed insignificantly. The combined action of L-arginine and Vit
E at the background of adrenaline impact resulted in a decrease of the area of structure-hemorrhagic
affections, of MDA content — by 14%, and nitric oxide content — by 48%, as compared to the data
obtained in the combined action of Vit E at the background of adrenaline effect. SOD activity got
intensified by 50% (p<0.05) and catalase activity reduced by 22%. The solitary action of L-arginine
at the background of ulcerogenic impact of adrenaline caused a decrease in the contents of MDA by
48%, and NO — by 13%, SOD activity diminished by 77% (p<0.05) and that of catalase — by 55%
(p<0.05). Thus, antioxidant action of Vit E simultaneous with L-arginine, on the one hand, results in
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a decrease of NO content, and on the other hand, in the enhancement of SOD activity, which can be
a cause of the enhancement of gastroprotective processes.

CONCLUSIONS

Stress-induced damage to GM is accompanied by the increase of MDA content, enhancement
of lipid oxidation, activation of mitochondrial SOD, by the reduction of peroxidase activity, and a
decrease of glutathione content due to the generation of OH with the involvement of iron ions [3].
Injection of Vit E in a single dose of 150 mg/kg induced insignificant cytoprotective effects and a slight
reduction of lipoperoxidation processes. The increase of NO content is also worth mentioning.

Nitric oxide in the mucous membrane participates in the processes of both cytoprotection and
ulcerogenic changes. It has to be noted that gastroprotective action of the injected L-arginine and,
therefore, NO in stress-induced damage to GM were associated with the maintenance of mucus
secretion, enhancement of eNOS and iNOS activity, with the increase in the content of nitrates/
nitrites in GM, and maintenance of the level of blood supply [10].

Vit E, under the blockage of iNOS or injected precursor of NO-synthases — L-arginine, displays,
a modulatory antioxidant action. Under a simultaneous blockage of iNOS and injection of Vit E,
gastroprotection got intensified, lipoperoxidation processes reduced, with the effect of iNOS blockage
being predominant. Injection of L-arginine and Vit E also results in the enhancement of gastroprotection
which is realized by a decrease of NO content and the enhancement of SOD activity.

REFERENCES

1. Azlina M. F. et al.: A comparison between tocopherol and tocotrienol effects on gastric
parameters in rats exposed to stress. Asia Pac J. Clin. Nutr., 14, 4, 358, 2005.

2. Brzozowski T. et al.: Implication of reactive oxygen species and cytokines in gastroprotection
against stress-induced gastric damage by nitric oxide releasing aspirin. Int. J. Colorectal Dis., 18,
4,320, 2003.

3. Das D. etal.: Hydroxyl radical is the major causative factor in stress-induced gastric ulceration.
Free Radic. Biol. Med., 23, 1, 8, 1997.

4. Giakoustidis D. et al.: Intramuscular administration of very high dose of alpha-tocopherol
protects liver from severe ischemia/reperfusion injury. World J. Surg., 26, 7, 872, 2002.

5. Green L. C. et al.: Analysis of nitrate, nitrite, and ['*N] nitrate in biological fluids. Anal.
Biochem., 126, 131, 1982.

6. Jaarin K. et al.: Effect of various doses of palm vitamin E and tocopherol on aspirin-induced
gastric lesions in rats. Int. J. Exp. Pathol., 83, 6, 295, 2002.

7. Kaneko H.etal.: Effect of NG-nitro-L-arginine methyl ester and L-arginine on ethanol-induced
gastric mucosal damage in newborn rats. J. Perinat. Med., 26, 4, 308, 1998.

8. Nafeeza M. L. et al.: Synergistic effects of tocopherol, tocotrienol, and ubiquinone in
indomethacin-induced experimental gastric lesions. Int. J. Vitam. Nutr. Res., 75, 2, 149, 2005.

9. NaitoY. et al.: Effect of vitamin E in gastric mucosal injury induced by ischaemia-reperfusion in
nitric oxide-depleted rats. Aliment. Pharmacol. Ther., 13, 553, 1999.

10. Ohta Y. et al.: L-arginine protects against stress-induced gastric mucosal lesions by preserving
gastric mucus. Clin. Exp. Pharmacol. Physiol., 29, 1-2, 32, 2002.

11. Oztiirk H. et al.: Influence of L-NAME and L-Arg on ischaemia-reperfusion induced gastric
mucosa damage. Acta Gastroenterol Belg., 65, 3, 150, 2002.



16 0. Sklyarov, V. Zhuromskyi, J. Solski

SUMMARY

In the experiments on rats with modeled stress-induced damage to gastric mucosa by means of
adrenaline (2mg/kg), we studied the effect of Vit E in the condition of iNOS blockage and injection
of L-arginine. Under the blockage of iNOS or injection of L-arginine, precursor of NO-synthases,
Vit E was observed to exert a modulatory antioxidant effect. Blockage of iNOS with a simultaneous
injection of Vit E results in the enhancement of gastroprotection and a reduction of lipoperoxidation
processes with a predominant role of iNOS blockage. Injection of L-arginine and Vit E also induces
enhancement of gastroprotective processes realized by a decrease of NO content and intensified
activity of SOD.

STRESZCZENIE

W eksperymencie na szczurach z modelowanym indukowanym stresem uszkodzeniem $luzowki
zotadka przy uzyciu adrenaliny (2 mg/kg) oceniano dzialanie witaminy E w warunkach blokady
iNOS i po podaniu L-argininy. Po blokadzie iNOS lub wstrzyknigciu L-argininy, prekursora syntazy
NO, witamina E modulowata efekt antyoksydacyjny. Blokada iNOS z jednoczesnym wstrzyknigciem
witaminy E dawala w efekcie wzrost gastroprotekcji i redukcje proceséw lipoperoksydaciji
z przewazajaca rola blokowania iNOS. Podawanie L-argininy i witaminy E réwniez indukowato
wzrost procesOw gastroprotekcji poprzez spadek zawartosci NO i intensyfikowania aktywnosci
SOD.




<<
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /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 <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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


