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INTRODUCTIONINTRODUCTION

Fluoroquinolones are known to accumulate inside eucaryotic cells and are 
therefore considered as drugs of choice for the treatment of intracellular 
infections.  Yet, the level of accumulation may considerably vary from one 
molecule to the other, depending probably on their capacity to diffuse 
through the membrane and/or to their recognition by active transporters.
Gemifloxacin shows a higher volume of distribution than most
fluoroquinolones currently used in the clinics, associated to a high level of 
cellular accumulation. Human pharmacokinetic data document indeed an 
accumulation factor in alveolar macrophages (ratio to serum level) of 90 for
gemifloxacin vs 56 for moxifloxacin and 5-10 for ciprofloxacin [1,2].

MATERIALS & METHODSMATERIALS & METHODS
cells: we used both human THP-1 macrophages (accumulation; 
intracellular activity) and J774 mouse macrophages (cell fractionation 
studies). 
Fluoroquinolone accumulation:  cells were incubated with the drug at 
an extracellular concentration of 20 mg/L for 2 h.  The extracellular drug 
was eliminated by centrifugation [3]. Fluoroquinolones were assayed by 
fluorimetry as previously described [4] (with λexc set at 275 nm, 298 nm, 
and 270 nm and λem set at 450 nm, 504 nm, and 402 nm for CIP, MXF, 
and GMF, respectively) and drug content were expressed by reference to 
protein content. Cellular accumulation was calculated using a conversion 
factor of 5 µl/mg cell protein. 
Cell fractionation: Homogenates of J774 macrophages were 
fractionated by low speed centrifugation in a nuclei/unbroken cells fraction 
and a cytoplasmic extract which was further separated in a MLP 
[mitochondria, lysosomes, peroxisomes]  fraction containing the 
organelles and a soluble fraction. Drug concentration was measured in 
each fraction together with the activity of enzymes used as markers of the 
main cell compartments [5]. 
Intracellular activity: Phagocytosis was initiated at a bacteria/ 
macrophage ratio of 10, followed by elimination of non-phagocytosed
bacteria by exposing the cells to 50 mg/L gentamicin. Activity was 
determined by measuring CFU per mg of cell lysates obtained from cells 
exposed to over time to fixed concentrations of antibiotics or for fixed time 
(24 h) to increasing concentrations of antibiotic. Results were expressed 
as the change in the inoculum at 24 h compared to time 0 [4]. 
Susceptibility testing: MIC were determined by microdilution in MH 
broth adjusted to pH 7.4 or 5.5 [4]. 

CONCLUSIONSCONCLUSIONS

The fluoroquinolones under study markedly differ in their accumulation 
level but share a similar subcellular distribution. 
Low MIC and high accumulation is not predictive of intracellular potency, 
as the drugs with higher accumulation and lower MIC require higher 
extracellular concentrations to reach a comparable intracellular effect.  
This cannot be explained by the defeating effect of acidic pH on activity 
(S. aureus being located in acidic vacuoles inside the cells) but rather 
suggests a poor cellular bioavailability for drugs that accumulate to large 
extent.
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Background :

 

FQ accumulate in

 

eucaryotic

 

cells and are considered as drugs of choice for intracellular 
infections.  GMF shows a larger distribution volume than other FQ, suggestive of

 

tissular

 

tropism.  To

 

 
examine the significance of this PK property, we have examined the accumulation and intracellular activity of 
GMF and 2 other FQ (CIP and MXF), and its

 

subcellular

 

distribution.     
Methods :

 

MIC measured in broth (CLSI method).  Cellular

 

accumul. and activity studied in human THP-1

 

monocytes

 

and

 

subcellular

 

distribution in

 

murine

 

J774 macrophages. FQ assayed by validated microbiological 
or

 

fluorimetric

 

assay.  Intracellular activity measured against

 

phagocytized

 

S.

 

aureus

 

ATCC25923 using a 
wide range of

 

extracellular

 

concentrations to obtain full dose-responses and PD parameters (see definition in 
Table and in AAC 2006;50:841-51).  Cell fractionation made by differential centrifugation (JAC 2003;51:1167-

 

73).  
Results :

 

Cellular accumulation and

 

intracell. activity are shown in the Table.  The distribution of GMF 
between nuclear, organelles and soluble fraction was 10, 20 and 70 %, as previously observed for CIP (JAC 
2003; 51:1167–73) and other FQ (JAC 1990; 26(B):27-39).  

Conclusion :  Although more active in broth (lower MIC) and showing larger cellular accumulation, GMF is 
not more active than CIP of MXF against

 

intracell. S.

 

aureus.  Since

 

subcellular

 

distributions are similar, this 
should be due to other factors such as local interferences or modulation of bacterial responsiveness.  As for 
other antibiotics, this study reinforces the conclusion that drug accumulation and activity are not necessarily 
linked.     
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RESULTSRESULTS

Left

 

: cellular accumulation of ciprofloxacin

 

(CIP), 
moxifloxacin

 

(MXF), and gemifloxacin (GMF)

 

in

 

 
THP-1 macrophages incubated for 2 h with

 

 
20mg/L of each drug.

Right:  subcellular

 

distribution of fluoroquinolones

 

in the nuclei / unbroken cell fraction, the MLP 
[mitochondria, lysosomes, peroxisomes] fraction

 

 
containing the bulk of the organelles, or the

 

 
soluble fraction of a cell homogenate of J774

 

 
macrophages.

This poster will be available for download after the meeting 
at :

 

http://www.facm.ucl.ac.be/posters.htm

AIM OF THE STUDYAIM OF THE STUDY
To examine whether the accumulation of

 

fluoroquinolones

 

in

 

 
macrophages is predictive of intracellular activity.
To this effect, we compared 

the accumulation of gemifloxacin, moxifloxacin, and ciprofloxacin in 
human THP-1 monocytes;
their activity against intracellular S. aureus, a phagolysosomal bacterium;
their subcellular localization within eucaryotic cells

A-676

Activity 
fluoroquinolone Accumulation a Emin b Emax c Cs d MIC e 

GMF 16.2  ± 0.3 1.8 ± 0.4 -1.9 ± 0.3 0.10 0.008 

MXF 10.4  ± 0.3 1.8 ± 0.2 - 2.2 ± 0.1 0.19 0.03 

CIP   7.1  ± 0.8 2.1 ± 0.1 -1.6 ± 0.1 0.25 0.25 
a using a conversion factor of 5 µl cell vol./mg prot; extracell. conc. 20 µg/ml 
b increase in log CFU at 24h compared to time 0 for an infinitely low drug conc.   
c decrease in log CFU at 24h compared to time 0 for an infinitely large drug conc.  
d Static conc: extracell. conc. (mg/L)  yielding no apparent change in the inoculum vs to time 0 
e mg/L in broth (CLSI method) 
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gemifloxacin accumuates to higher extent than moxifloxacin and ciprofloxacin
the three fluoroquinolones have a similar subcellular distribution, with most of the drug being found in the soluble fraction of the cells 
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Left

 

: intracellular activity of fluoroquinolones against intracellular 
S. aureus

 

ATCC 25923 after 24 h incubation in the presence of 
increasing drug concentrations. Data are expressed as the change

 

in cfu

 

in comparison with the initial inoculum. 

Right: comparison of the concentration of each drug that is needed 
in the culture medium to reach a similar intracellular effect.  
Concentrations are expressed in X MIC and are intrapolated from 
the calculated

 

sigmoidal

 

regression of the dose-response (using a 
Hill factor of 1 for CIP and MXF and a variable slope for GMF). 

drug MIC (pH 7.4) MIC (pH 5.5)

CIP 0.25 0.5

MXF 0.03 0.125

GMF 0.008 0.125

the activity of all drugs develops on a concentration-dependent manner. 
higher extracellular concentrations of GMF than of MXF or CIP are needed to reach a given intracellular effect
gemifloxacin reaches an intracellular bactericidal effect at the highest concentration tested, in contrast with MXF and CIP.  
MIC of GMF is more affected than that of MXF or of CIP by acidic pH

CIP MXF GMF
0

20

40

60

80

100

subcellular distribution
of fluoroquinolones

in J774 mouse macrophages

fluoroquinolone

%
 o

f t
ot

al

nuclei/unbroken cells

organelles

soluble fraction


	Slide Number 1


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /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 true
  /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 600
  /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 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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

  /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 <>
    /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.)
  >>
  /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 [4000 4000]
  /PageSize [4818.897 2551.181]
>> setpagedevice


