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 In this research, we evaluated the combined effect of stat-
ic magnetic field and cis-diamminedichloroplatinum(II)
(CDDP) on cell death, apoptosis and cell cycle in normal 
dermal fibroblast (Hu02) and HeLa cells. The cells were ex-
posed to CDDP in the presence of 10 mT SMF for 24 and 48 
hours. By using MTT assay the IC50 concentrations of CDDP 
were determined. The cytotoxic effects of this simultaneous 
application were studied using flow-cytometric measurements 
for cell cycle and apoptosis. Based on the obtained results, the 
simultaneous application of CDDP and static magnetic field 
for 48 hours led to a significant increase in arrest of cell cycle 
progression of cells in G2/M phase, necrosis and late apop-
tosis in HeLa cells compared to the CDDP-treated group. In 
contrast, this combination led to a decrease in G2/M phase 
arrest, necrosis cells in Hu02 compared to drug-treated cells. 
In the presence of SMF, cancer cell susceptibility to CDDP 
was increased while it had some extent the protective effect 
on normal cells against cytotoxicity of the drug. Since there 
was an obvious difference in cell cycle stages and apoptosis 
between treated HeLa and Hu02 cells with combined SMF 
and CDDP, so this investigation proposes that co-compound 
of SMF and CDDP could be useful as way of reducing side 
effects of anticancer drug in normal cells and decreasing 
resistance of cancer cells to this drug. 

Key words: apoptosis, cell cycle, CDDP, HeLa cell line, 
Hu02 cells, static magnetic field.

ÂÏËÈÂ ÎÄÍÎ×ÀÑÍÎÃÎ ÇÀÑÒÎÑÓÂÀÍÍß 
ÑÒÀÒÈ×ÍÎÃÎ ÌÀÃÍ²ÒÍÎÃÎ ÏÎËß
² ÖÈÑ-ÄÈÀÌ²ÍÄÈÕËÎÐÏËÀÒÈÍÈ (II)
ÍÀ ÀÏÎÏÒÎÇ ² ÏÐÎÃÐÅÑ²Þ
ÊË²ÒÈÍÍÎÃÎ ÖÈÊËÓ Ó ÊË²ÒÈÍÍ²É Ë²Í²¯ 
HeLa ² ÊË²ÒÈÍÀÕ Hu02

Ó öüîìó äîñë³äæåíí³ íàìè áóëî îö³íåíî ïîºäíàíèé 
âïëèâ ñòàòè÷íîãî ìàãí³òíîãî ïîëÿ ³ öèñ-äèàì³í-
äèõëîðïëàòèíè (II) (CDDP) íà çàãèáåëü êë³òèí, 
àïîïòîç ³ êë³òèííèé öèêë ó íîðìàëüíèõ äåðìàëüíèõ 
ô³áðîáëàñò³â (Hu02) òà êë³òèí HeLa. Êë³òèíè 
áóëè ï³ääàí³ âïëèâó CDDP ó ïðèñóòíîñò³ 10 ìÒë 
ñòàòè÷íîãî ìàãí³òíîãî ïîëÿ (SMF) âïðîäîâæ 24 ³ 
48 ãîä. IC50 êîíöåíòðàö³¿ CDDP áóëî âèçíà÷åíî çà
äîïîìîãîþ ÌÒÒ-òåñòó. Öèòîòîêñè÷íèé âïëèâ òàêî-
ãî îäíî÷àñíîãî çàñòîñóâàííÿ âèâ÷àëè çà äîïîìîãîþ 
ïðîòî÷íîãî öèòîìåòðè÷íîãî àíàë³çó äëÿ êë³òèííîãî 
öèêëó ³ àïîïòîçó. Îòðèìàí³ ðåçóëüòàòè âêàçóþòü íà 
òå, ùî îäíî÷àñíå çàñòîñóâàííÿ CDDP òà ñòàòè÷íî-
ãî ìàãí³òíîãî ïîëÿ âïðîäîâæ 48 ãîä ïðèçâåëî äî 
çíà÷íîãî ï³äâèùåííÿ ð³âíÿ çóïèíêè ïðîãðåñ³¿ 
êë³òèííîãî öèêëó ó ôàç³ G2/M, íåêðîçó ³ ï³çíüîãî 
àïîïòîçó ó êë³òèí HeLa ïîð³âíÿíî ç ãðóïîþ, ÿêó 
îáðîáèëè çà äîïîìîãîþ CDDP. Íàòîì³ñòü, òàêå ïî-
ºäíàííÿ ïðèçâåëî äî çíèæåííÿ ð³âíÿ çóïèíêè ó
ôàç³ G2/M, íåêðîçó êë³òèí ó Hu02 ïîð³âíÿíî ç 
êë³òèíàìè, îáðîáëåíèìè ïðåïàðàòîì. Ó ïðèñóòíîñò³ 
SMF ÷óòëèâ³ñòü ðàêîâèõ êë³òèí äî CDDP áóëà 
ï³äâèùåíîþ, õî÷à ñïîñòåð³ãàâñÿ äåÿêèé åôåêò çà-
õèñòó íîðìàëüíèõ êë³òèí â³ä öèòîòîêñè÷íîñò³ ïðå-
ïàðàòó. Îñê³ëüêè áóëî âèÿâëåíî î÷åâèäíó â³äì³íí³ñòü 
ì³æ îáðîáëåíèìè êë³òèíàìè HeLa ³ Hu02 ïðè ïî-
ºäíàíîìó çàñòîñóâàíí³ SMF ³ CDDP íà åòàïàõ êë³-
òèííîãî öèêëó òà àïîïòîçó, ìîæíà âèñóíóòè ïðè-
ïóùåííÿ, ùî ñï³ëüíå çàñòîñóâàííÿ SMF ³ CDDP 
ìîæå áóòè êîðèñíèì ñïîñîáîì çìåíøåííÿ ïîá³÷íî¿ 
ä³¿ ïðîòèðàêîâîãî ïðåïàðàòó íà íîðìàëüí³ êë³òèíè 
òà çíèæåííÿ ñò³éêîñò³ ðàêîâèõ êë³òèí äî öüîãî 
ïðåïàðàòó.

Êëþ÷îâ³ ñëîâà: àïîïòîç, êë³òèííèé öèêë, CDDP, êë³-
òèííà ë³í³ÿ HeLa, êë³òèíè Hu02, ñòàòè÷íå ìàãí³òíå 
ïîëå.

REFERENCES

Basu A, Krishnamurthy S (2010) Cellular Responses to
© S. KAMALIPOOYA, A. SABET, F.J. JOUNI, 

M. SATARI, P. ABDOLMALEKI, H. SOLEIMANI, 2021



69ISSN 0564–3783. Öèòîëîã³ÿ ³ ãåíåòèêà. 2021. Ò. 55. ¹ 2

Ðåôåðàòè ñòàòåé, îïóáë³êîâàíèõ â «Cytology and Genetics», ¹ 2, 2021 ð.

Cisplatin-Induced DNA Damage. J Nucl Acids: 
201367. doi: 10.4061/2010/201367

Chen WF, Sun RG, Liu Y et al (2010) Static magnetic 
fields enhanced the potency of cisplatin on k562 
cells. Cancer Biother Radiopharm 25:401–408. doi: 
10.1089/cbr.2009.0743

Chen WT, Lin GB, Lin SH et al( 2018) Static magnetic 
field enhances the anticancer efficacy of capsaicin 
on HepG2 cells via capsaicin receptor TRPV1. PloS 
one 13:e0191078.

de Gooijer MC, van den Top A, Bockaj I et al (2017) The 
G2 checkpoint-a node-based molecular switch. FEBS 
Open Bio 7:439–455. doi: 10.1002/2211-5463.12206

Dini L, Abbro L (2005) Bioeffects of moderate-intensity 
static magnetic fields on cell cultures. Micron 36: 
195–217. doi: 10.1016/j.micron.2004.12.009

Dunn TA, Schmoll HJ, Grunwald V et al (1997) Com-
parative cytotoxicity of oxaliplatin and cisplatin in 
non-seminomatous germ cell cancer cell lines. Invest 
New Drugs. 15:109–114. 

El-Bialy NS, Rageh MM (2013) Extremely low-fre-
quency magnetic field enhances the therapeutic effi-
cacy of low-dose cisplatin in the treatment of Ehrlich 
carcinoma. BioMed Res Int 2013:189352–189358. 
doi: 10.1155/2013/189352

Ghodbane S, Lahbib A, Sakly M et al (2013) Bioeffects 
of static magnetic fields: oxidative stress, genotoxic 
effects, and cancer studies. BioMed Res Int 2013: 
602987. doi: 10.1155/2013/602987

Hao Q, Wenfang C, Xia A et al (2011) Effects of a 
moderate-intensity static magnetic field and adria-
mycin on K562 cells. Bioelectromagnet 32:191–199. 
doi: 10.1002/bem.20625

Jalali A, Zafari J, Javani Jouni F et al (2019) Combination 
of static magnetic field and cisplatin in order to reduce 
drug resistance in cancer cell lines. Int J Radiat Biol 
95:1194–1201. doi: 10.1080/09553002.2019.1589012

Ji W, Huang H, Deng A et al (2009) Effects of static 
magnetic fields on Escherichia coli. Micron 40:894–
898. doi: 10.1016/j.micron.2009.05.010

Kamalipooya S, Abdolmaleki P, Salemi Z et al (2017) 
Simultaneous application of cisplatin and static mag-
netic field enhances oxidative stress in HeLa cell 
line. In Vitro Cell Dev Biol Anim 53:783–790. doi: 
10.1007/s11626-017-0148-z

Kula B, Sobczak A, Kuska R (2002) Effects of Electro-
magnetic Field on Free-Radical Processes in Steel-
workers. Part I: Magnetic Field Influence on the An-
tioxidant Activity in Red Blood Cells and Plasma. J 
Occup Health 44:226–229. 

Lengauer C, Kinzler KW, Vogelstein B (1998) Genetic 
instabilities in human cancers. Nature 396:643–649. 
doi: 10.1038/25292

Liu Y, Qi H, Sun RG et al (2011) An investigation 
into the combined effect of static magnetic fields and 
different anticancer drugs on K562 cell membranes. 
Tumori 97:386–392. doi: 10.1700/912.10039

Masuda H, Tanaka T, Takahama U (1994) Cisplatin 
generates superoxide anion by interaction with DNA 
in a cell-free system. Biochem Biophys Res Com-
mun 203:1175–1180. doi: 10.1006/bbrc.1994.2306

Miyakoshi J (2005) Effects of static magnetic fields at 
the cellular level. Prog Biophys Mol Biol 87:213–
223. doi: 10.1016/j.pbiomolbio.2004.08.008

Sabo J, Mirossay L, Horovcak L et al (2002). Effects 
of static magnetic field on human leukemic cell line 
HL-60. Bioelectrochemistry 56:227–231. 

Sarvestani AS, Abdolmaleki P, Mowla SJ et al (2010). Static 
magnetic fields aggravate the effects of ionizing radia-
tion on cell cycle progression in bone marrow stem cells. 
Micron 41:101–104. doi: 10.1016/j.micron.2009.10.007

Satari M, Javani Jouni F, Abolmaleki P et al (2020). In-
fluence of Static Magnetic Field on HeLa and Huo2 
Cells in the Presence of Aloe vera Extract. Asian Pac J 
Cancer Prev 21:9–15. doi: 10.22034/apjcp.2020.21.s2.9

Sengupta S, Balla VK (2018) A review on the use of 
magnetic fields and ultrasound for non-invasive can-
cer treatment. J Adv Res 14:97–111. doi: 10.1016/j.
jare.2018.06.003

Tenuzzo B, Chionna A, Panzarini E et al (2006) Bio-
logical effects of 6 mT static magnetic fields: a com-
parative study in different cell types. Bioelectromag-
netics 27:560–577. doi: 10.1002/bem.20252

Torgovnick A, Schumacher B (2015) DNA repair mech-
anisms in cancer development and therapy. Front 
Genet 6:157. doi: 10.3389/fgene.2015.00157

Wagstaff AJ, Brown SD, Holden MR et al (2012) Cis-
platin drug delivery using gold-coated iron oxide 
nanoparticles for enhanced tumour targeting with 
external magnetic fields.  Inorganica Chimica Acta 
393:328–333. doi: 10.1016/j.ica.2012.05.012

Wang Q, Zheng XL, Yang L et al (2010) Reactive oxy-
gen species-mediated apoptosis contributes to che-
mosensitization effect of saikosaponins on cisplat-
in-induced cytotoxicity in cancer cells. J Exp Clin 
Cancer Res 29:159. doi: 10.1186/1756-9966-29-159

Wozniak K, Czechowska A, Blasiak J (2004) Cisplatin-
evoked DNA fragmentation in normal and cancer 
cells and its modulation by free radical scavengers 
and the tyrosine kinase inhibitor STI571. Chem Biol 
Inter 147:309–318. doi: 10.1016/j.cbi.2004.03.001

Xu L, Guo W, Liu Y et al (2015) [Synergistic inhibitory 
effect of static magnetic field and antitumor drugs 
on Hepa1-6 cells]. Sheng Wu Gong Cheng Xue Bao 
31:1363–1374 

Zhang QM, Tokiwa M, Doi T et al (2003) Strong 
static magnetic field and the induction of muta-
tions through elevated production of reactive oxygen 
species in Escherichia coli soxR. Int J Radiat Biol 
79:281–286. doi: 10.1080/0955300031000096289

Received July 29, 2019
Received December 05, 2019

Accepted March 18, 2021 



<<
  /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


