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Lung cancer is one of the most common types of cancer that 
causes death. In this study the effects of cisplatin, taurine 
and combination of these two compounds on A549 cell 
line were examined. A549 Cells were treated with different 
concentrations of taurine, cisplatin and the combination 
of two compounds. MTT assay, flow cytometry analysis 
of apoptosis and flow cytometry analysis of cell cycle were 
carried out. The expression of genes was examined by real-
time PCR. Cisplatin and taurine reduced the viability of 
the A549 cell line but this effect was greater in taurine 
and cisplatin combination. Cells that were in G0/G1 stage 
increased in all treated group and this inhibition was notable 
in the combination group. The expression of some genes such 
as P53, Bax, caspase 3, caspase 9 and P14 increased. Our 
studies also showed that cisplatin and taurine combination 
was moderately synergic with Cl values ranging from X to 
Y for Fa 0.5. Combination of cisplatin and taurine may 
be effective in the cancer therapy and it can be a suitable 
choice for reduction of drug resistance problems and other 
side effects of cisplatin high dosage, but more researches are 
needed to be performed in this field.
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ÏÎÂÍÀ ÍÀÇÂÀ: ÑÈÍÅÐÃÅÒÈ×ÍÈÉ ÅÔÅÊÒ 
ÒÀÓÐÈÍÓ ² ÖÈÑÏËÀÒÈÍÓ ÍÀ ÊË²ÒÈÍÈ ÐÀÊÓ 
ËÅÃÅÍÜ (A549)

Ðàê ëåãåíü – öå îäèí ç íàéïîøèðåí³øèõ âèä³â 
ðàêó, ÿêèé ïðèçâîäèòü äî ëåòàëüíîñò³. Ó öüîìó 

äîñë³äæåíí³ âèâ÷àëè âïëèâ öèñïëàòèíó, òàóðèíó òà 
êîìá³íàö³¿ öèõ äâîõ ñïîëóê íà êë³òèííó ë³í³þ A549. 
Êë³òèíè A549 îáðîáëÿëè ð³çíèìè êîíöåíòðàö³ÿìè 
òàóðèíó, öèñïëàòèíó òà êîìá³íàö³¿ îáîõ ñïîëóê. 
Áóëî ïðîâåäåíî MTT-òåñò, âèâ÷åííÿ àïîïòîçó òà 
êë³òèííîãî öèêëó ìåòîäîì ïðîòî÷íî¿ öèòîìåòð³¿. 
Åêñïðåñ³þ ãåí³â âèâ÷àëè çà äîïîìîãîþ ÏËÐ ó ðå-
àëüíîìó ÷àñ³. Öèñïëàòèí ³ òàóðèí çíèæóâàëè æèò-
òºçäàòí³ñòü êë³òèííî¿ ë³í³¿ A549, àëå êðàùèì öåé 
åôåêò áóâ çà âèêîðèñòàííÿ êîìá³íàö³¿ òàóðèíó òà 
öèñïëàòèíó. Ê³ëüê³ñòü êë³òèí, ÿê³ ïåðåáóâàëè íà 
ñòàä³¿ G0/G1, çá³ëüøèëàñü ó âñ³õ äîñë³äæóâàíèõ 
ãðóïàõ; öå ïðèãí³÷åííÿ áóëî îñîáëèâî ïîì³òíèì ó
ãðóï³ ç âèêîðèñòàííÿì êîìá³íàö³¿ ñïîëóê. Ï³äâè-
ùèëàñü åêñïðåñ³ÿ òàêèõ ãåí³â, ÿê P53, Bax, êàñïà-
çà 3, êàñïàçà 9 òà P14. Íàø³ äîñë³äæåííÿ òàêîæ 
ïîêàçàëè, ùî êîìá³íàö³ÿ öèñïëàòèíó ³ òàóðèíó 
áóëà ïîì³ðíî ñèíåðãåòè÷íîþ, à çíà÷åííÿ Cl áóëè 
â ä³àïàçîí³ â³ä X äî Y äëÿ Fa 0,5. Êîìá³íàö³ÿ 
öèñïëàòèíó ³ òàóðèíó ìîæå áóòè åôåêòèâíîþ â 
òåðàï³¿ ðàêó é çàñòîñîâíèì âàð³àíòîì äëÿ çìåí-
øåííÿ ïðîáëåì ç³ ñò³éê³ñòþ äî ìåäè÷íèõ ïðåïàðà-
ò³â òà ³íøèõ ïîá³÷íèõ åôåêò³â âèñîêî¿ äîçè öèñ-
ïëàòèíó, àëå ïîòð³áíî ïðîâåñòè äîäàòêîâ³ äîñë³ä-
æåííÿ ó ö³é ñôåð³.

Êëþ÷îâ³ ñëîâà: ðàê, êë³òèííà ë³í³ÿ, öèñïëàòèí, 
òàóðèí, ñò³éê³ñòü äî ìåäè÷íèõ ïðåïàðàò³â.

REFERENCES

Arnesano F, Losacco M, Natile G (2013) An updated 
view of cisplatin transport. Europ J Inorgan Chem 
(15):2701–2711.

Basu A, Krishnamurthy S (2010) Cellular responses to 
Cisplatin-induced DNA damage. J Nucl Acids 2010.

Beretta GL, Gatti L, Tinelli S, Corna E, Colangelo D, 
Zunino F et al (2004) Cellular pharmacology of cis-
platin in relation to the expression of human cop-
per transporter CTR1 in different pairs of cisplatin-
sensitive and -resistant cells. Biochem Pharmacol 
68(2):283–291.

Chen D, Milacic V, Frezza M, Dou QP (2009) Met-
al complexes, their cellular targets and potential 
for cancer therapy. Current Pharmaceut Design 
15(7):777–791.

Chowdhury S, Sinha K, Banerjee S, Sil PC (2016) 
Taurine protects cisplatin induced cardiotoxicity by 
modulating inflammatory and endoplasmic reticu-
lum stress responses. Biofactors 42(6):647–664.

El Agouza I, Eissa S, El Houseini M, El-Nashar DE, El 
Hameed OA (2011) Taurine: a novel tumor marker 
for enhanced detection of breast cancer among fe-
male patients. Angiogenesis 14(3):321.

Florea A-M, Büsselberg D (2011) Cisplatin as an an-
ti-tumor drug: cellular mechanisms of activity, 

© ²ÍÑÒÈÒÓÒ ÊË²ÒÈÍÍÎ¯ Á²ÎËÎÃ²¯ ÒÀ ÃÅÍÅÒÈ×ÍÎ¯
²ÍÆÅÍÅÐ²¯ ÍÀÍ ÓÊÐÀ¯ÍÈ, 2023 



Ðåôåðàòè ñòàòåé, îïóáë³êîâàíèõ â «Cytology and Genetics», ¹ 2, 2023 ð.

drug resistance and induced side effects. Cancers 
3(1):1351–71.

Galluzzi L, Senovilla L, Vitale I, Michels J, Martins I, 
Kepp O et al (2012) Molecular mechanisms of cis-
platin resistance. Oncogene 31(15):1869.

Holzer AK, Katano K, Klomp LW, Howell SB (2004) 
Cisplatin rapidly down-regulates its own influx trans-
porter hCTR1 in cultured human ovarian carcinoma 
cells. Clin Cancer Res. 10(19):6744–6749.

Jalali A, Zafari J, Jouni FJ, Abdolmaleki P, Shirazi FH, 
Khodayar MJJIjorb (2019) Combination of static 
magnetic field and cisplatin in order to reduce drug 
resistance in cancer cell lines 1–8.

Kim CW, Lu JN, Go S-I, Jung JH, Yi SM, Jeong J-H 
et al (2013) p53 restoration can overcome cisplatin 
resistance through inhibition of Akt as well as induc-
tion of Bax. International J Oncol 43(5):1495–1502.

Kim T, Kim AK (2013) Taurine enhances anticancer 
activity of cisplatin in human cervical cancer cells.  
Taurine 8: Springer; 189–198 p.

Miller KD, Siegel RL, Lin CC, Mariotto AB, Kramer 
JL, Rowland JH et al (2016) Cancer treatment and 
survivorship statistics. CA. Cancer J Clin 66(4):271–
289.

Nematbakhsh M, Ashrafi F, Pezeshki Z, Fatahi Z, Ki-
anpoor F, Sanei M-H et al (2012) A histopathologi-
cal study of nephrotoxicity, hepatoxicity or testicular 
toxicity: Which one is the first observation as side 
effect of Cisplatin-induced toxicity in animal model? 
J Nephropathol 1(3):190.

Saad SY, Al-Rikabi AC (2002) Protection effects of 
taurine supplementation against cisplatin-induced 
nephrotoxicity in rats. Chemotherapy 48(1):42–48.

Safaei R, Howell SB (2005) Copper transporters regu-
late the cellular pharmacology and sensitivity to Pt 
drugs. Critical Rev Oncol/Hematol 53(1):13–23.

Sato S, Yamate J, Saito T, Hosokawa T, Saito S, Kura-
saki M (2002) Protective effect of taurine against re-
nal interstitial fibrosis of rats induced by cisplatin. 
Naunyn-Schmiedeberg’s Arch Pharmacol 365(4):
277–283.

Siegel RL, Miller KD, Jemal A. Cancer statistics (2016) 
CA. Cancer J Clin 66(1):7–30.

Siegel R, DeSantis C, Virgo K, Stein K, Mariotto A, 
Smith T et al (2012) Cancer treatment and survivor-
ship statistics. CA. Cancer J Clin 62(4):220–241.

Smith RA, Andrews KS, Brooks D, Fedewa SA, Manas-
saram-Baptiste D, Saslow D et al (2018) Cancer 
screening in the United States, 2018: a review of cur-
rent American Cancer Society guidelines and cur-
rent issues in cancer screening. CA. Cancer J Clin 
68(4):297–316.

Tsai C-Y, Larson CA, Safaei R, Howell SB (2014) Mo-
lecular modulation of the copper and cisplatin trans-
port function of CTR1 and its interaction with IRS-
4. Biochem Pharmacol 90(4):379–387.

Tu S, Zhang XL, Wan HF, Xia YQ, Liu ZQ, Yang XH 
et al (2018) Effect of taurine on cell proliferation and 
apoptosis human lung cancer A549 cells. Oncology 
Lett 15(4):5473–5480.

Vanitha M, Baskaran K, Periyasamy K, Saravanan D, 
Ilakkia A, Selvaraj S et al (2015) A review on the 
biomedical importance of taurine. Int J Pharm Res 
Health Sci 3(3):680–686.

Vasan N, Baselga J, Hyman DM (2019) A view on drug 
resistance in cancer. Nature 575(7782):299–309.

Zafari J, Vazini H, Javani-jouni F, Abdolmaleki P, 
Monajemi R, Shams E et al (2018) Anticancer Ef-
fects of Moderate Static Magnetic Field on Cancer 
Cells in Vitro. Res Mol Med 6(3):54–64.

Zhang X, Tu S, Wang Y, Xu B, Wan F (2014) Mecha-
nism of taurine-induced apoptosis in human colon 
cancer cells. Acta Biochim Biophys Sin 46(4):261–
272.

Zhang X, Lu H, Wang Y, Liu C, Zhu W, Zheng S et al 
(2015) Taurine induces the apoptosis of breast can-
cer cells by regulating apoptosis-related proteins of 
mitochondria. Inter J Mol Med 35(1):218–226.

Received October 31, 2021 
Received November 28, 2021

Accepted March 18, 2023



<<
  /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


