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Introduction
Probenecid interacts with transport processes of drugs at several sites 
in the body. Little is known about the time course and mechanism of 
the quinolone-probenecid interaction. We used plasma and urine data 
and modelled the full time course of following interactions:
A) Ciprofloxacin, its metabolite (CIP-M1), and probenecid

(Data from Clin Pharmacol Ther. 1995 58:532-41, NCA only)
B) Gemifloxacin and probenecid

Objectives
1) To assess the extent, time course, and mechanism of the quinolone 

probenecid interaction at the renal and nonrenal sites.
2) To study the effect of probenecid on the formation of CIP-M1.

Methods
Clinical studies
Two randomized, two-way crossover studies in healthy volunteers:
Study 1: 200 mg ciprofloxacin as 30 min iv infusion without and 

with 3 g probenecid divided in five oral doses (6M / 6F)
Study 2: 320 mg oral gemifloxacin without and with 4.5g probenecid 

divided in eight oral doses (n=17 subjects, 9M / 8F)

Pharmacokinetic and statistical analysis
Non-compartmental analysis (NCA) and ANOVA + equivalence 
statistics to assess the extent of interaction.
Standard-two-stage (STS) approach was used to model the full time 
course of gemifloxacin and probenecid as well as of ciprofloxacin, 
CIP-M1 and probenecid in plasma and urine simultaneously. We used 
descriptive statistics on the PK parameters from STS to derive 
population PK parameters and their variance-covariance matrix.
Individual Akaike values, residual plots and visual predictive checks 
were used for model discrimination. 

Software
We used WinNonlin(R) Professional (Version 4.0.1, Pharsight Corporation, 
USA) for NCA, STS and statistics, NONMEM V (level 1.1, GloboMax LLC, 
Hanover, MD, USA) and validated Perl scripts for visual predictive checks.

Results
Table 1 shows the extent of the interaction of ciprofloxacin, CIP-M1, 
and gemifloxacin with probenecid. The rate and extent of absorption 
of gemifloxacin were not affected by the interaction. The average 
distributional clearances were also not affected by probenecid.

Table 1: PK parameters from NCA and ANOVA

Figure 1: Model for ciprofloxacin, CIP-M1 & probenecid

Our final models included a competitive inhibition of renal clearance 
by probenecid for ciprofloxacin, CIP-M1 and gemifloxacin. The 
formation of CIP-M1 was described by a mixed order process which 
was not affected by probenecid (see Figure 1). For final parameter 
estimates see Table 2. The visual predictive checks for gemifloxacin 
are shown in Figure 2.
Table 2: PK parameter estimates from STS approach

Figure 2: Visual predictive checks for gemifloxacin
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Gemifloxacin Gemifloxacin + probenecid

 Median 
[25%-75% percentile] 

Point estimate  
(90% Conf. Int.) 

p-
value

 With PRO Without PRO With / without PRO  

Ciprofloxacin     
Total clearance 
(L h-1) 

21.4 
[16.4-25.6] 

37.4 
[30.3-44.3] 58% (55 - 61%) <0.01

Renal clearance 
(L h-1) 

8.25 
[6.87-9.85] 

23.8 
[18.6-25.4] 35% (29 - 41%) <0.01

Nonrenal 
clearance (L h-1) 

14.1 
[8.82-18.9] 

13.5 
[10.7-18.4] 92% (84 - 102%) 0.19

CIP-M1    
Renal clearance 
(L h-1) 

8.26 
[4.90-9.88] 

20.5 
[18.7-24.6] 36% (31 - 42%) <0.01

Gemifloxacin     
Total clearance 
(L h-1) 

26.0 
[20.1-29.7] 

35.2 
[30.7-43.8] 69% (65 - 73%) <0.01

Renal clearance 
(L h-1) 

6.49 
[4.92-8.15] 

13.1 
[9.91-16.2] 49% (47 - 51%) <0.01

Nonrenal 
clearance (L h-1) 

19.0 
[15.4-22.3] 

24.2 
[19.0-26.4] 81% (74 - 88%) <0.01

  Median [25% - 75% percentile] 
Parameter Unit Gemifloxacin Ciprofloxacin CIP-M1 
KmR mg L-1 9.24 [7.78 - 10.9] 4.66 [2.74 - 7.58] 5.83 [3.98 - 9.82]
Kic (probenecid) mg L-1 69.3 [55.2 - 79.2] 12.3 [5.76 - 22.6] 18.5 [9.23 - 31.0]
Kic/KmR (derived) - 7.2 [5.8 - 8.6] 3.8 [1.7 - 6.2] 3.2 [2.1 - 4.6] 
VmaxR mg h-1 118 [96.2 - 121] 106 [65.0 - 183]  
CLR,Lin L h-1 2 (fixed to fu · GFR) 5.04 [4.40 - 5.37] 
CLNR,without P L h-1 24.7 [20.3 - 29.2] 12.6 [9.69 - 15.9] 
CLNR,with P L h-1 19.3 [17.9 - 23.8] 11.9 [8.48 - 13.0] 
KmF,M1,without P mg L-1  0.608 [0.327 - 0.826] 
KmF,M1,with P mg L-1  0.481 [0.422 - 1.41] 
VmaxF,M1,without P mg h-1  1.94 [1.29 - 2.70] 
VmaxF,M1,with P mg h-1  1.89 [1.34 - 3.45] 

Conclusions
1) Probenecid inhibited the renal clearance of ciprofloxacin and 

CIP-M1 by about 65% and renal clearance of gemifloxacin by 51%. 
Probenecid reduced non-renal clearance of gemifloxacin by 19%.

2) A competitive inhibition of renal clearance by probenecid was the 
most likely mechanism for all three compounds.

3) Relative affinity to the renal transporter was 7.2 times higher for 
gemifloxacin, 3.8 times higher for ciprofloxacin, and 3.2 times 
higher for CIP-M1 compared to probenecid. Probenecid inhibited 
the renal tubular secretion, as its average plasma concentration
was about 100-150 fold higher than for gemifloxacin & ciprofloxacin.

4) The formation of CIP-M1 and the average rate and extent of 
absorption of gemifloxacin were not affected by probenecid.

CIP 
Urine

CIP Central 
compartment 

V1

CIP Shallow 
peripheral 

compartment V2
Clicshallow,CIP

CIP Deep 
peripheral 

compartment V3
Clicdeep,CIP

CLR,Lin

VmaxR 
KmR,CIP

M1 Central 
compartment 

VM1 M1 
UrineCLR,LinCLNR,with P

CLNR,with P

VmaxF,M1,with P 
KmF,M1,with P 

VmaxR 
KmR,M1

Kic,CIP

Kic,M1

Probenecid 
Central 

compartment

VmaxPRO 
KmPROCLLin,PRO

Zero-order input

Mixed-order 
process

First-order 
process



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [3373.228 2381.102]
>> setpagedevice


