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Abstract Roridin E is a well-known macrocyclic tricho-

thecene mycotoxin possessing potent antiproliferative

activity against cancer cell lines. 120-Hydroxyroridin E was

isolated from a marine-derived fungus, Myrothecium rori-

dum 98F42. The cytotoxicities of these two compounds were

tested against human monocytic THP-1, human promyelo-

cytic leukemia HL-60, and Chinese hamster V79 cells, and

roridin E exhibited more than 1000-fold stronger cytotox-

icity than its 120-OH derivative; therefore, it was suggested

that the 120-position is closely involved in the cytotoxicity of

these compounds.
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Roridin E is a well-known mycotoxin possessing a mac-

rocyclic trichothecene structure, and it has been reported

to possess significant biological activities, including

cytotoxicity against cancer cell lines (Traxler et al. 1970;

Zhang et al. 2002; Abbas et al. 2001, 2002; Garcia et al.

2002: Isaka et al. 1999; Hughes et al. 1989). We have

isolated a new 120-OH derivative of roridin E and three

new trichothecenes from a marine-derived fungus,

Myrothecium roridum strain 98F42 (Namikoshi et al.

2001; Xu et al. 2006). One of four new compounds, a

12,13-deoxy derivative of roridin E, showed reduced

cytotoxicity—about 80-fold less than that of roridin E

against human promyelocytic (HL-60) and murine leu-

kemia (L1210) cell lines (Namikoshi et al. 2001).

Therefore, the inhibitory activities of 120-hydroxyroridin

E (1) (Fig. 1) (Namikoshi et al. 2001) against HL-60 cells,

human monocytic leukemia THP-1, and Chinese hamster

V79 cell lines were compared with those of roridin E (2) in

the same experiment. The 120-hydroxylated derivative (1)

was more than 1000-fold less cytotoxic than roridin E (2).

Fetal bovine serum (FBS) was obtained from GIBCO

after checking the lot, and all other reagents and chemicals

were of the highest grade available commercially. M.

roridum strain 98F42 was isolated from submerged woody

material collected in Palau (Namikoshi et al. 2001). The

fungus was cultured in 500-ml Erlenmeyer flasks contain-

ing 150 ml of a half-nutrient potato dextrose medium (50%

natural seawater) for about 3 weeks at 20�C, as described

in previous papers (Namikoshi et al. 2000, 2001). The

culture broth of strain 98F42 (900 ml) was filtered and

extracted with EtOAc. The EtOAc extract was chromato-

graphed on a silica gel column with EtOAc–hexane (gra-

dient elution) and then with MeOH. The EtOAc–hexane

(2:3) fraction was further purified by HPLC (ODS, 75%

MeOH–H2O) to give roridin E (2, 7.5 mg). 120-Hydroxy-

roridin E (1, 35.0 mg) was isolated from the MeOH eluate

by HPLC (ODS, 65% MeOH–H2O).

Chinese hamster V79 cells were grown as a monolayer

culture in Eagle’s MEM (Nissui Seiyaku Co., Ltd., Tokyo,

Japan) with 10% heat-inactivated FBS. HL-60 and THP-1

cell lines were obtained from the Japanese Cancer

Research Resources Bank (JCRB, Tokyo, Japan) and

maintained in tissue culture dishes in RPMI 1640 medium

(Nissui Seiyaku) supplemented with 10% heat-inactivated
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FBS, 2 mM glutamine, 100 U/ml penicillin G, and 100 lg/ml

streptomycin.

The relative plating efficiencies against V79 cells were

determined as the ratio of the number of colonies obtained

at various sample concentrations to that in the sample-free

control, as described in previous papers (Sakakibara et al.

1991; Sato et al. 1992). Two hundred cells were seeded on

a 60/15-mm plastic plate with 4 ml culture medium and

incubated overnight at 37�C. After each sample in DMSO

(4 ll) was added to the culture medium, cells were further

cultured for 4 days. The numbers of colonies in the sample

plates were counted and compared with those in the control

cultures.

Cell proliferation was evaluated by enumerating viable

cells using the MTT formazan production method in

96-well microtiter plates (Carmichael et al. 1987). HL-60

or THP-1 cells (1 9 105 and 5 9 105 cells/ml) were trea-

ted with the DMSO solution of each test compound. The

same volume of DMSO was added as a control. After

incubating for 24 h, 20 ll MTT reagent (5 mg/ml in PBS)

were added to each well which was then further incubated

for 3 h. The optical density (OD570 nm) of each well was

measured to assess formazan production. Data are shown

as values relative (%) to each control optical density.

Three independent experiments were performed for each

bioassay, and the mean values are shown.

The inhibitory activities of 120-hydroxyroridin E (1) and

roridin E (2) on colony formation of adherent cells, Chinese

hamster V79, were investigated at 1 9 10-4 to 10 lM. This

bioassay reflects the direct action of compounds on the cells.

A remarkable difference in activity in the colony formation

of V79 cells between two compounds was detected (Fig. 2).

The 50% inhibitory concentrations (IC50 values) of 1 and 2

calculated from the results were 4.6 lM and 0.74 nM,

respectively. The IC50 values of 1 and 2 revealed that

hydroxylation at the 120-position reduced the cytotoxicity of

roridin E (2) by more than 6000-fold.

The cytotoxicities of 1 and 2 against the floating cells,

HL-60 and THP-1, were investigated in order to determine

whether the two compounds showed a significant differ-

ence in activity, as observed in the case of V79. Two initial

cell concentrations were used to detect the effects of 1 and 2

against the different numbers of cells. Compounds 1 and 2

Fig. 2 Relative plating efficiencies of Chinese hamster V79 cells

treated with 120-hydroxyroridin E (1) (open circles) and roridin E (2)

(open squares) for 48 h

Fig. 3 Cell proliferation rates (%) of HL-60 cells treated with

120-hydroxyroridin E (1) (open circles) and roridin E (2) (open
squares) for 24 h. a Initial cell number of HL-60 cells: 5 9 105

cells/ml. b Initial cell number of HL-60 cells: 1 9 105 cells/ml

Fig. 1 Structures of 120-hydroxyroridin E (1) and roridin E (2)
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exhibited similar dose–response curves against HL-60 and

THP-1 cells for two initial cell numbers (Figs. 3, 4).

The IC50 value of 2 against HL-60 at 5 9 105 cells/ml

was 7.9 nM (Fig. 3b). In the same experiment, 1 did not

give an IC50 value ([10 lM), which revealed that the

120-OH derivative was more than 1000-fold less cytotoxic

than roridin E (2). Similar dose-dependent effects were

detected when activity was tested using the lower initial

cell number (Fig. 3b), and 2 gave a similar IC50 value

(8.8 nM) to above. The calculated IC50 value of 1 was

5.7 lM in this experiment.

On the other hand, 2 showed a three times lower IC50

value in the experiment with 1 9 105 cells/ml

(IC50 = 9.1 nM) than with 5 9 105 cells/ml (33.8 nM)

(Fig. 4). The IC50 value of 1 in both experiments was

[10 lM. The dose-dependent effects of 1 and 2 against

different initial cell numbers of THP-1 were also very

similar.

From the results of the above experiments, it can be

concluded that the 120-hydroxyl group remarkably

decreased the cytotoxicity of roridin E (2). The 120-posi-

tions of these compounds may be involved in their growth

inhibitory activities against adherent and floating cancer

cell lines. It is also possible that the increase in

hydrophilicity of 1 due to the presence of a hydroxyl group

at C-120 resulted in a low incorporation of the compound

into the cells.

A 120-hydroxylated derivative of (20Z)-verrucarin J was

isolated from M. roridum, but its in vitro cytotoxicity has

not been reported (Smitka et al. 1984). Therefore, we

cannot compare differences in in vitro cytotoxicity between

(20Z)-verrucarin J and its 120-OH derivative with those

between 1 and 2. Nevertheless, the findings in this study

would be significant with regard to the control of various

biological activities.

Acknowledgments This work was supported in part by a Grant-

in-Aid for Scientific Research on Priority Areas 17035029 from the

Ministry of Education, Culture, Sports, Science and Technology

(MEXT) of Japan to M. N. We thank Ms. M. Endo and A. Fujita for

their excellent technical assistance.

References

Abbas HK, Tak H, Boyette CD, Shier WT, Jarvis BB (2001)

Macrocyclic trichothecenes are undetectable in kudzu (Pueraria
montana) plants treated with a high-producing isolate of

Myrothecium verrucaria. Phytochemistry 58:269–276

Abbas HK, Johnson BB, Shier WT, Tak H, Jarvis BB, Boyette CD

(2002) Phytotoxicity and mammalian cytotoxicity of macrocy-

clic trichothecene mycotoxins from Myrothecium verrucaria.

Phytochemistry 59:309–313

Carmichael J, DeGraff WG, Gazdar AF, Minna JD, Mitchell JB

(1987) Evaluation of a tetrazolium–based semiautomated color-

imetric assay: assessment of chemosensitivity testing. Cancer

Res 47:939–942

Garcia CC, Rosso ML, Bertoni MD, Maier MS, Damonte EB (2002)

Evaluation of the antiviral activity against Junin virus of

macrocyclic trichothecenes produced by the hypocrealean epi-

biont of Baccharis coridifolia. Planta Med 68:209–212

Hughes BJ, Hsieh GC, Jarvis BB, Sharma RP (1989) Effects of

macrocyclic trichothecene mycotoxins on the murine immune

system. Arch Environ Contam Toxicol 18:388–395

Isaka M, Punya J, Lertwerawat Y, Tanticharoen M, Thebtaranonth Y

(1999) Antimalarial activity of macrocyclic trichothecenes

isolated from the fungus Myrothecium verrucaria. J Nat Prod

62:329–331

Namikoshi M, Kobayashi H, Yoshimoto T, Meguro S, Akano K (2000)

Isolation and characterization of bioactive metabolites from

marine-derived filamentous fungi collected from tropical and

sub-tropical coral reefs. Chem Pharm Bull 48:1452–1457

Namikoshi M, Akano K, Meguro S, Kasuga I, Mine Y, Takahashi T,

Kobayashi H (2001) A new macrocyclic trichothecene,

12,13-deoxyroridin E, produced by the marine-derived fungus

Myrothecium roridum collected in Palau. J Nat Prod 64:396–398

Sakakibara Y, Saito I, Ichinoseki K, Oda T, Kaneko M, Saito H,

Kodama M, Sato Y (1991) Effects of diethylstilbestrol and its

methyl ethers on aneuploidy induction and microtubule distri-

bution in Chinese hamster V79 cells. Mutant Res 263:269–276

Sato Y, Sakakibara Y, Oda T, Aizu-Yokota E, Ichinoseki I (1992)

Effects of estradiol and ethynylestradiol on microtubule distribu-

tion in Chinese hamster V79 cells. Chem Pharm Bull 40:182–184

Smitka TA, Bunge RH, Bloem RJ, French JC (1984) Two new

trichothecenes, PD 113, 325 and PD 113, 326. J Antibiot

37:823–828

Fig. 4 Cell proliferation rate (%) of THP-1 cells treated with

120-hydroxyroridin E (1) (open circles) and roridin E (2) (open
squares) for 24 h. a Initial cell number of HL-60 cells: 5 9 105

cells/ml. b Initial cell number of HL-60 cells: 1 9 105 cells/ml

Mycoscience (2010) 51:317–320 319

123



Traxler P, Zurcher W, Tamm C (1970) Structure of the antibiotic

Roridin E. Helv Chim Acta 53:2071–2085

Xu J, Takasaki A, Kobayashi H, Oda T, Yamada J, Mangindaan REP,

Ukai K, Nagai H, Namikoshi M (2006) Four new macrocyclic

trichothecenes from two strains of marine-derived fungi of the

genus Myrothecium. J Antibiot 59:451–455

Zhang HJ, Tamez PA, Aydogmus Z, Tan GT, Saikawa Y, Hashimoto

K, Nakata M, Hung NV, Xuan LT, Cuong NM, Soejarto DD,

Pezzuto JM, Fong HH (2002) Antimalarial agents form plants.

III. Trichothecenes form Ficus fistulosa and Rhaphidophora
decursiva. Planta Med 68:1088–1091

320 Mycoscience (2010) 51:317–320

123


	12prime-Hydroxyl group remarkably reduces Roridin E cytotoxicity
	Abstract
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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 <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


