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Human exposure to radiation, such as cosmic and earth
background radiation, industrial background radiation, as
well as radiation caused by various human activities is
known to trigger various intra and extra-cellular responses.
1t is also known that the radiation response and sensitivity is
age-dependent. Ubiquitin conjugates in murine blood serum
were analyzed under normal and pathological conditions
caused by irradiation across different age groups. Nonlinear
white mice Mus musculus were used for tests. The source of
radiation was 3’Cs with dose rate 1Gy/min., due exposure
Smin (LD, 5Gy) executed using the «GUPOS-3M» gamma
facility. Using immunoblotting for measurement data was
statistically analyzed to unveil changes in ubiquitin conjugate
levels following ionizing radiation and intraperitoneal
ubiquitin administration. Age-related variability in ubiquitin
conjugates levels is identified, shedding light on ubiquitin
injection role in modulating radiation responses across age
groups. These findings hold implications for cellular biology
and clinical radiation therapy, offering hope for future
therapeutic interventions and enhanced radiation therapy
outcomes.

Key words: ubiquitin, ubiquitin conjugates, irradiation, res-
ponse to radiation, age-related differences

PIBEHb KOH’IOTATIB YBIKBITUHY

B CUPOBATILII KPOBI MUILIEN: 3HAYEHHS
JJIA ITPOTUITPOMEHEBOT' O 3AXUCTY

TA BIKOBA BAPIABEJIBHICTD

Bimomo, 1110 BIJIMB OMNPOMIHEHHSI Ha JIIOAWHY, Ha-
npukiana, (HOHOBOTO BUIIPOMIHIOBAHHSI KOCMOCY Ta
3emiti, (OHOBOro MPOMHUCIOBOIO BMIIPOMiHIOBaHHS,
a TakKoX BUIIPOMiHIOBaHHSI, CIPUYMHEHOIO Pi3HUMU
BUJAMU JIIOJCHKOI HisSNIBHOCTI, BUKJIIMKAE Pi3HI BHYTpi-
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IMHBOKJIITUHHI Ta IO3aKJIiTUHHI peakuii. Bimomo Ta-
KOX, IO peakllisi Ha ONMPOMIHEHHS Ta YYTJIUBICTbH N0
HBOTIO 3ajiexaTh Bim Biky. KoH’roratu yOiKBiTUHY B
CUpOBAaTILi KpoOBi Muilel OyauM IpoaHali3oBaHi 3a
HOPMAJIBHUX i MATOJIOTIYHUX YMOB, CIPUYMHEHUX OII-
POMiHEHHSIM, y pi3HUX BikoBuX rpynax. [Inst moc-
JIiKeHb BUKOPHCTOBYBAIM HENIHIMHUX OiLMMX MUILei
Mus musculus. Ixxepeaom ButipomiHioBaHHs 0yB '3’Cs
3 moTyxHicTio mo3u 1 I'p/xB mpum excrmosuiii 5 XB
(LD,, 5 I'p), Ky 3nilficHIOBaIM Ha raMMa-yCTaHOBILIi
«GUPOS-3M». 3a poroMorow iMyHOOJOTUHIY AaHi
BUMipIOBaHb OyJM CTaTUCTUYHO MpOaHai30BaHi sl
BUSIBJICHHS 3MiH y PiBHSIX KOH IOraTy YOiKBITMHY TTiCIst
iOHI3yI0OUOTO OIPOMIHEHHSI Ta BHYTPIIIHLOYEPEBHOIO
BBeIeHHs yOiKBiTUHY. BUsiBIeHO BiKOBY BapiaOeIbHICTh
piBHIB KOH’IOTaTiB YOiKBiTMHY, 1110 TIPOJMBAE CBITIO
Ha PoJb iH’€KIil yOiKBITMHY B MOAYJLil peakiii Ha
ONMpPOMiHEHHsI B pi3HUX BikoBuX rpynax. Lli pe3yiabratu
MarTh 3HAYEHHS JUISI KJIITUHHOI 0ioJoTii Ta KJIiHIYHOI
IIPOMEHEBOI Tepalrii, Jaldy Hamilo Ha MaiOyTHI Te-
paneBTUYHI BTPyYaHHSI Ta MOKpAIllEHHS pPe3yJbTaTiB
IIPOMEHEBOI Tepaltii.

Karouoei caoea: yoiKBiTMH, KOH’1OTaTU YOIKBITMHY, OIl-
pOMIHEHHSI, peaxilisi Ha OIIPOMiHEHHS, BIiKOBI Bil-
MiHHOCTI.

REFERENCES

Adjemian S, Oltean T, Martens S et al (2020) Ionizing
radiation results in a mixture of cellular outcomes
including mitotic catastrophe, senescence, methu-
osis, and iron-dependent cell death. Cell Death
Dis 11:1003. https://doi.org/10.1038/s41419-020-03
209-y

Akutsu M, Dikic I, Bremm A (2016) Ubiquitin chain
diversity at a glance. J Cell Sci 129(5):875—880.
https://doi.org/10.1242/jcs. 183954

Castaceda CA, Dixon EK, Walker O et al (2016)
Linkage via K27 bestows ubiquitin chains with uni-
que properties among polyubiquitins. Structure 24(3):
423—436. https://doi.org/10.1016/j.str.2016.01.007

Frush DP (2013) Radiation risks to children from
medical imaging. Rev Med Clin Las Condes 24(1):7—
12. https://doi.org/10.1016/S0716-8640(13)70124-X

Ioramashvili I, Gogebashvili M, Sujashvili R, Ivanishvi-
li N (2023) Evaluation of differently expressed genes
in irradiated and intact mice to study radioactive
aging phenomenon. Radiobiol Radiat Saf 3(4):32—40

Jiao Y, Cao F, Liu H (2022) Radiation-induced cell
death and its mechanisms. Health Phys 123(5):376—
386. https://doi.org/10.1097/HP.0000000000001601

Lecker SH (2006) Protein degradation by the ubiquitin-
proteasome pathway in normal and disease states.
J Am Soc Nephrol 17(7):1807—1819. https://doi.
org/10.1093/nq/s9-VII1.206.466

ISSN 0564—3783. Lumonoeia i eenemura. 2025. T. 59 No 1



[ | Pegpepamu cmameii, onyéaixosanux 6 «Cytology and Genetics», No 1, 2025 p. |

Little JB (2003) Principal cellular and tissue effects of
radiation. In: Kufe DW, Pollock RE, Weichselbaum
RR et al. (eds) Holland-Frei Cancer Medicine.
6th ed. BC Decker. https://www.ncbi.nlm.nih.gov/
books/NBK 12344/

Liu W, Tang X, Qi X et al (2020) The ubiquitin con-
jugating enzyme: An important ubiquitin transfer
platform in ubiquitin-proteasome system. Int J Mol
Sci 21(8):2894. https://doi.org/10.3390/ijms21082894

Maier PH, Wenz F, Herskind C (2016) Cellular
pathways in response to ionizing radiation and their
targetability for tumor radiosensitization. Int J Mol
Sci 17(1):102. https://doi.org/10.3390/ijms17010102

Majetschak M (2011) Extracellular ubiquitin: Immune
modulator and endogenous opponent of damage-
associated molecular pattern molecules. J Leukoc
Biol 89(2):205—219. https://doi.org/10.2147/JPR.
S44571

Majetschak M, Krehm U, Bardenheuer M et al (2003)
Extracellular ubiquitin inhibits the TNF-a, response
to endotoxin in peripheral blood mononuclear cells
and regulates endotoxin hyporesponsiveness in cri-
tical illness. Blood 101(5):1882—1890. https://doi.
org/10.1182/blood-2002-03-0918

Martinez-Vicente M, Sovak G, Cuervo AM (2005)
Protein degradation and aging. Exp Gerontol 40
(8—9):622—633. https://doi.org/10.1016/j.exger.2005.
07.005

Ohtake F, Sacki Y, Ishido S et al (2016) The K48-K63
branched ubiquitin chain regulates NF-«B signaling.
Mol Cell 64(2):251—266. https://doi.org/10.1016/].
molcel.2016.09.014

93

Radiation Biology: A Handbook for Teachers and
Students (2010) TAEA-TCS-42. ISSN 1018-5518.
Int Atomic Energy Agency (IAEA). https://www.
iaea.org/publications/iaea-tcs-42

Salas-Lloret D, Gonzalez-Prieto R (2022) Insights in
post-translational modifications: Ubiquitin and
SUMO. Int J Mol Sci 23(6):3281. https://doi.org/
10.3390/ijms23063281

Sujashvili R (2015) Extracellular ubiquitin: New poten-
tial therapeutics for hematological diseases. J Mol
Histol Med Physiol 1(1):7—12. https://doi.org/10.
4172/JMHMP.1000102

Sujashvili R, Bakuradze E, Modebadze I et al (2011) In
vivo investigation of extracellular ubiquitin effect on
liver histoarchitectonics. GMN N2(191):72—76

Sujashvili R, Bakuradze E, Modebadze I et al (2013)
Ubiquitin in combination with alcohol stimulates
proliferative activity of hepatocytes. GMN 10(223):
86—90

Sujashvili R, Toramashvili I, Gvinadze N, Aptsiauri K
(2014) Inhibition of proliferative activity of bone
marrow cells by extracellular ubiquitin. Proc Georgian
Natl Acad Sci Biomed Ser 40(5—6):265—270

Tong J, Hei ATK (2020) Aging and age-related health
effects of ionizing radiation. Radiat Med Prot 1(1):15—
23. https://doi.org/10.1016/j.radmp.2020.01.005

Received January 10, 2024
Received March 22, 2024
Accepted January 18, 2025

ISSN 0564—3783. [lumonoeis i eenemuka. 2025. T. 59 Ne 1




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /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 true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /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 <>
    /SKY <>
    /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.)
    /RUS <>
    /UKR <>
  >>
  /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


