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Antioxidative effects of hesperidin and hesperetin under cellular system
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Abstract : In this study, we investigated the antioxidant activity of hesperidin and hesperetin, which are the active
compounds from Citrus junos, in the cellular system. Under cellular model of oxidative damage using LLC-PK; renal
epithelial cell, the oxidative damage induced by 2,2'-azobis (2-amidinopropane) dihydrochloride (AAPH) led to the loss
of cell viability, while treatment of hesperidin and hesperetin increased significantly the cell viability as dose-dependent
manner. In addition, NO-induced cellular oxidative damage by sodium nitroprusside were significantly recovered by the
treatment of hesperidin and hesperetin, showing the increase of cell viability. But hesperidin and hesperetin showed no
significant protective effect on O, -induced cellular oxidative damage. The present study indicates that hesperidin and
hesperetin protect against free radical, especially AAPH-induced peroxyl radical. In particular, hesperetin has stronger
protective effect against oxidative stress than hesperidin.
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3. Cell viability 57
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A AEHAE §H5H7] Y5te] peroxyl radical(ROOY),
NO, Oy 9] generator?l AAPH(10 mM), SNP(0.6 mM) 2
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BAeR 302,27 daltons©]THCalomme %, 1996; Garg
5, 2001)(Fig. 1).
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Fig. 1. Chemical structure of hesperidin (R: -Glc-Rhm) and
hesperetin (R: -H).
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AY/33HA =H, o] peroxy radical> A|3Z2] &
A s, A ) e, A So Ak Ak
AE FL Qo]0 22381 A Hh(Terao 5, 1986; Niki,
1990). T3t £=3HA|of| A AAPH=E A= free radical2 4=
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o Ao &4 & & 4 U

w-2}A] LLC—PK; cello] radical generatordl AAPH |
2] & Al AEES 575k LLC-PK; cello] o3t
hesperidin®} hesperetin®] AFs}4] AEH Aof gt 7§41
s Al E Auk AAPHTRS X 2|3t controlat A
HEE0] 33 4%2 74510} AL5jH 20 20] ofat A
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A9 AT AEgo] B &F
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(Fig. 2).
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Fig. 2. Protective effect against ROO-induced oxidative stress.

N: Normal; C: AAPH-treated control Values are mean + SD.

““Means with the different letters are significantly different (p<0.05) by multiple range test.
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Fig. 3. Protective effect against NO-induced oxidative stress.

N: Normal; C: SNP-treated control Values are mean + SD.

““Means with the different letters are significantly different (p<0.05) by Duncan’s multiple range test.
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Fig. 4. Protective effect against O, -induced oxidative stress.

N: Normal; C: pyrogallol-treated control Values are mean + SD.
““Means with the different letters are significantly different (p<0.05) by Duncan’s multiple range test.

£, 1992), E3F SNPE Wi FASGA| R Atol A 1F
A o7 A ARAY H4 £84 U ven—

tricular unloading 5°| ARt} SNP+= nitrosonium
Frot=t| o= 2ls SNP go] ZHAFAlo] =&
= ) NoZF AT, B oAl B4 Ao ofgh Ab
3 AEF A T BTE A E7] $15ke] LLC-PK; cell

ione Sk

e

720 ot HMI38H M4, 2011, 12

o SNP #2]2 NOE frAIAA Alehd 2EFAE 715t

5 0]o] th3t hesperidini} hesperetin®] 25 1& A

I QEEE oI5kt SNPYRS A 2)3t control 7= A

T AYE0] 53.96%2 FAste] AbstA AE# o ofgh

Az £AFS dld 4~ 9Jlal, HEPH hesperidind}
hespereting FEHE H|gh oAl A2 BEE0] &



Hyun Young Kim / Antioxidative effects of hesperidin and hesperetin under cellular system

T OEA O F AR5l O™ hesperidin} T} hesperetin
o] § w2 /hA &3= YeR et 53], hesperetin
50 umol/19A] 90% o]4+2] AJE&S Hof NO9 &AAE
S AR 2B A i anE Uehde 0 4
AckFig. 3).

PyrogallolZ Oy 9] AAAoIH He0,9] ZA 0|t}
ROS ofHlE4 F9733tet the |t dgke] |4
N EA= Agotetl, 53] A W 0, o A B
ool W] oY oleh AAAIA W Al2e &4
of FaFe HAA Het,

Fig. 4= pyrogallolS # 2|3t LLC-PK; cello] st
hesperidin¥} hesperetin®] B3 G}= AL AHESE A
HE AE pyrogallolThS X 2|3t controlat2] 7L AY
2£80] 33.56%% 745l WhH  hesperidini} hesperetin
227 BEEE Aee A AT AZgo] S vt
ozt S71sHAIRL, pyrogallol A 2]of ofRt 4kab] AE A

Mol 2 w37k et gk,

O

o

v. 22

2 A= AR SAAEQD  hesperidindt
hesperetin®] A8}4 ~E#|A 7|4 3 LLC-PK; cell
2 o] &3}o] vjal HESFTH Hesperidindt hesperetin
L NOSH ROO-o] e $aEl 41t A zo] of3] 7
AE|OA cell viabilityS G-o)A o2 Z7IA|AH 3 At
opa 2EF 2 AN &3S Yefelth £3] hesperidin
9] aglycone®EQ] hesperetin®] § FHoj a7}-& LE}
it B, Hesperidind} hesperetine O; of &3 &
W 4keH AE 2o tisiAe BarE ISIT whebA,
S} &4 E42] hesperidin} hesperetinS NO2} ROO-
o I3 AT AT 2L QNGO ol
gt AHE oWshe MY MEHIRA AT T AR
AbE

ANl 2

o] &=H2 2010W % A
o oJate] ALE S

sl grst

7148 A

X} 7

a

ki

[d

Ahn MS, Kim HJ, Seo MS. 2007. A study on the antioxidative
and antimicrobial activites of the citrus Unshiju peel extracts.
Korean J. Food Culture 22: 454-461.

Altman SA, Zastawny TH, Randers L, Lin Z, Lumpkin JA,
Remacle J, Dizdaroglu M, Rao G. 1994. Tert-butyl
hydroperoxide-mediated DNA base damage in cultured
mediated DNA base damage in cultured mammalian cells.
Mutat. Res. 306: 35-44.

Andreoli SP, McAteer JA, Seifert SA, Kempson SA. 1993.
Oxidant-induced alterations in glucose and phosphate
transport in LLC-PK1 cells: mechanisms of injury. Am. J.
Physiol. 265: 377-384.

Bauer G. 2000. Reactive oxygen and nitrogen species: efficient,
selective and interactive signals during intercellular induction
of apoptosis. Anticancer Res. 20: 4115-4139.

Brune B, Zhou J, Von KA. 2003. Nitric oxide, oxidative stress
and apoptosis. Kidney Int. Suppl. 84: 22-24.

Calomme M, Pieters L, Vlietinck A, Berghe DV. 1996. Inhibition
of bacterial mutagenesis by citrus flavonoids. Planta Med.
62: 222-226.

Cha JY, Kim SY, Jeong SJ, Cho YS. 1999. Effects of
hesperidin and naringenin on lipid concentration in orotic
acid treated mices. Korean J. Life Science 9: 389-394.

Choi EJ. 2007. Hesperetin induced G1-phase cell cycle arrest in
human breast cancer MCF-7 cells: involvement of CDK4
and p21. Nutrition and cancer 59: 115-119.

Garg A, Garg S, Zaneveld LID, Singla AK. 2001. Chemistry
and pharmacology of the citrus bioflavonoid hesperidin.
Phytother Res. 15: 655-669.

Huong DTL, Dat NT, Cai XF, Shen GH, Bae KH, Kim YH.
2004. Phenolic components from the leaves and twigs of
Rhamnus taquetii. Korean J. Pharmacogn. 35: 139-142.

Kawaguchi K, Mizuno T, Aida K, Uchino K. 1997. Hesperidin
as an inhibotor of lipases from porcine pancreas and
pseudomonas. Biosci. Biotechnol. Biochem. 61: 102-104.

Kim J, Kim SA, Yun WK, Kim EJ, Woo MK, Lee MS. 2004.
Antioxidative effect of ethanol extract for 5 kinds of spice.
J. Korean Soc. Food Sci. Nutr. 33: 524-528.

Kobayashi S, Tanabe S. 2006. Evaluation of the anti-allergic
activity of Citrus unshiu using rat basophilic leukemia
RBL-2H3 cells as well as basophils of patients with seasonal
allergic rhinitis to pollen. Int. J. Mol. Med. 17: 511-515.

Middleton EJ, Kandaswami C, Theoharides TC. 2000. The
effects of plant flavonoids on mammalian cells: implications
for inflammation, hearts disease, cancer. Pharmacol Rev.
52: 673-751.

Monforte MT, Trovato A, Kirjavainen S, Forestieri AM, Galati
EM. 1995. Biological effects of hesperidin, a citrus flavonoid.
(note II): Hypolipidemic activity on experimental hyper-
cholesterolemia in rat. Farmco. 50: 595-599.

Mosmann T. 1983. Rapid colormetric assay for cellular growth

CNU Journal of Agricultural Science 38(4), 2011, 12 721



YWY / Hesperidin® hesperetin® cellular systemOl|A9 gjatot =3}

and survival: application to proliferation and cytotoxicity
assays. J. Immunol. Meth. 65: 55-63.

Niki E. 1990. Free radical initiators as source of water-or
lipid-soluble peroxyl radicals. Meth. Enzymol. 186: 100-108.

Nunokawa Y, Tanaka S. 1992. Interferon-y inhibits proliferation
of rat vascular smooth muscle cells by nitric oxide
generation. Biochem. Biophys. Res. Commun. 188: 409-415.

Oberley TD, Schultz JL, Li N, Oberley LW. 1995. Antioxidant
enzyme levels as a function of growth state in cell culture.
Free Radic. Biol. Med. 19: 53-65.

Rice-Evans C, Burdon R. 1993. Free radical-lipid interaction
and their pathological consequences. Prog. Lipid Res. 32:
71-110.

Schneider JE, Price S, Maidt L, Gutteridge JM, Floyd RA.
1990. Methylene blue plus light mediates 8-hydroxy-2'-
deoxy-guanosine formation in DNA preferentially over
strand breakage. Nucleic Acids Res. 18: 631-635.

So FV, Guthrie N, Chambers AF, Moussa M, Carroll KK.
1996. Inhibition of human breast cancer cell proliferation
and delay of mammary tumorigenesis by flavonoids and
citrus juices. Nutr. Cancer 26: 167-181.

Sohn JS, Kim MK. 1998. Effects of hesperidin and naringin on

722 SUEIAT H38H M4AE, 2011, 12

antioxidative capacity in the rat. Korean Nutr. Soc. 31:
687-696.

Stratton SP, Liebler DC. 1997. Determination of singlet
oxygen-specific versus radical-mediated lipid peroxidation
in photosensitized oxidation of lipid bilayers: effect of beta-
carotene and alpha-tocopherol. Biochemistry 36: 12911-12920.

Terao K, Niki E. 1986. Damage to biological tissue induced by
radical initiator 2,2'-azobis (2-amidinopropane) dihydrochloride
and its inhibition by chain-breaking antioxidants. Free Radic.
Biol. Med. 2: 193-201.

Woo KL, Kim JL, Kim MC, Chang DK. 2006. Determination
of flavonoid and limonoid compounds in citron (Citrus
junos SIEB ex TANAKA) seeds by HPLC and HPLC/MS.
J. Korean Soc. Food Sci. Nutr. 35: 353-358.

Wright AW, Bubb A, Hawkins CL, Davies MJ. 2002. Singlet
oxygen-mediated protein oxidation: evidence for the for-
mation of reactive side chain peroxides on tyrosine residues.
Photochem. Photobilo. 76: 35-46.

Yu HE, Leaniza MM, Bae YJ, Lee DH, Park JS, Kwak SH,
Kim HK, Lee JS. 2005. Screening and extration condition
of antiaging bioactive substances from medicinal plants. J.
Korean Soc. Food Sci. Nutr. 34: 1136-1142.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


