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•A selection of underivatized silica columns were tested and suitable retention was achieved on a Phenomenex Luna Hilic column as
seen in Figure 5. 

•Modification of the mobile phase produced significant differences in the retention time of ribavirin and the peak shape on the 
Luna Hilic column. 
•Buffer concentration- total overall buffer concentration of 5 mM ammonium acetate in 95% ACN in water at 0.5 mL/min 
exhibited symmetrical peak shape and increase the retention of ribavirin by 0.3 min over no buffer.

• Increase in the buffer concentration resulted in greater retention of ribavirin but peak shape suffered greatly.  
•Decrease in the buffer concentration resulted in less retention, although the peak shape remained symmetrical.

•Injection volume - Injection volumes in excess of 5 L resulted in severe tailing and deteriorated peak shape. 

Abstract
Ribavirin is an antiviral prodrug used for the treatment of Hepatitis C and respiratory syncytial virus (RSV) among other common viruses.  
A method for the analysis and quantification of ribavirin in rat plasma utilizing HPLC-MS/MS with updated HPLC column technology has 
been developed and validated according to the FDA guidance to the industry.  The assay displays good linearity with correlation coefficient 
>0.99 over a range of 10 – 5000 ng/mL using a 25 µL sample precipitated with 5mM ammonium acetate in 95% acetonitrile in water after 
the addition of a stable label internal standard.  The supernatant is analyzed by HPLC utilizing a HILIC column with detection by MS/MS 
incorporating a turbo-ionspray interface in positive mode. The choice of HILIC column was essential for adequate retention and acceptable 
peak shape of ribavirin within 2 minutes of total analysis time. This method greatly facilitated the high throughput analysis of preclinical 
samples. 

Introduction
The synthetic compound with the IUPAC name 1-[(2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-1H-1,2,4-triazole-3-
carboxamide was first produced in 1972[1] and reported to exhibit broad spectrum activity against DNA and RNA viruses[2].  The structure of 
ribavirin is shown in Figure 1 and the molecular weight is 244 with molecular formula of C8H12N4O5.  The high abundance of heteroatoms in 
the structure of ribavirin and the number of atoms available for hydrogen bonding lends itself to be very polar and water soluble.   These physical 
characteristics present a challenge for chromatographic resolution and the recent advances in column chemistries for HPLC separation provide 
ample new opportunities to develop a rapid method for the determination of ribavirin concentrations in biological samples.  Numerous different 
column chemistries were evaluated and produced a new HPLC-MS/MS method for the rapid analysis of ribavirin.  This method was validated to 
current GLP standards in rat plasma over a range of 10-5000 ng/mL and provided reliable results for the pharmacokinetic evaluation of 
preclinical samples. 
[1] J. Med. Chem. 15 (1972) 1150.   [2] Science 177 (1972) 705.
.Figure 1. The molecular structure of ribavirin. 

Experimental
Ribavirin and ribavirin-13C5 were purchase from Toronto 
Research Chemicals, Inc.  Na2EDTA rat plasma was purchased 
from Biochemed, inc. Ammonium acetate was purchased from 
Mallinckrodt.   Methanol and acetonitrile were manufactured by 
Burdick and Jackson, and the water was deionized and filtered (0.2 
µm) using a Milli-Q Plus® system.  The HPLC-MS/MS system 
consisted of a Shimadzu liquid chromatography system including 2
isocratic pumps, autosampler, a pre-column filter with replaceable 
frit (0.5 μm), Phenomenex Luna Hilic column (3 mm, 2.0 x 100 
mm), and a 6 port valve connected to a API Sciex 365 mass 
spectrometer with Ionics Interface upgrade and Analyst instrument 
control software (Applied Biosystems, Foster City, CA).  The mass 
spectrometer was run in positive mode with multiple reaction 
monitoring of 245 → 113 transition for ribavirin and 250 → 113 
transition for the internal standard. 

Conclusions
A new method for the quantification of ribavirin in rat plasma was 
successfully validated according to FDA guidance to the industry.  
Ribavirin was isolated from rat plasma by protein precipitation of 25 
µL of spiked plasma with 5 mM ammonium acetate in 95% 
acetonitrile in water (mobile phase) after the addition of 50 µL of a 
solution of 500 ng/mL ribavirin-13C5 in mobile phase. The method 
utilized a Phenomenex Luna Hilic column for HPLC purification 
which was very sensitive to the many factors such as buffer 
concentration and injection volume which influence the 
chromatography of an analyte.   
Precision (% CV) and accuracy (% bias) of the quality control 
samples at concentrations of 10, 30, 1000, and 3800 ng/mL were 4.6-
17.5 %CV and -6.4-3.3 % bias over 3 method performance batches 
(n=18).  The accuracy and precision was within ±15% for validation 
samples independently subjected to the following conditions: 4 freeze-
thaw cycles at -80°C, 24 h at room temperature (rt), 1 month of 
storage at -80°C, or extracts stored at rt for 4 days.  No interference in 
the quantification of ribavirin was seen from 6 different lots of rat 
plasma and the method was not impacted by carryover of ribavirin or 
the internal standard in the system. This method was used to quantify 
ribavirin in preclinical samples. 

Figure 8. Example standard curve

Figure 2. Chromatogram of Ribavirin from a 
Phenomenex Synergi 4 m Hydro-RP 80Å 2 x 50 
mm eluted isocratic with 5% ACN in 0.1% formic 
acid in water. 

Figure 3. Chromatogram of Ribavirin from a 
GL sciences Inertsil ODS-EP 5 mm 2.1 x 33
mm eluted isocratic with 5% ACN in 0.1% 
formic acid in water. 

Figure 4. Chromatogram of Ribavirin from a Waters 
Xbridge Shield RP18 5 mm 2.1x 50 mm eluted 
isocratic with 5% ACN in 0.1% formic acid in water.

Figure 5.  Chromatogram of Ribavirin from a 
Phenomenex Luna Hilic 3 mm 2 x 100 mm eluted 
isocratic with 95% ACN in water 

Figure 6.  Chromatogram of Ribavirin from a 
Phenomenex Luna Hilic 3 mm 2 x 100 mm eluted 
isocratic with 5 mM ammonium acetate in 95% 
ACN 

Figure 7.  Representative chromatograms of plasma extracts of ribavirin.  Upper left: 10 ng/mL 
ribavirin (LOQ), lower left: 5000 ng/mL ribavirin (ULQ), upper and lower right are ribavirin-13C5
(internal standard). 

Results and Discussion

Representative chromatograms of Ribavirin from traditional C-18 HPLC columns:

Representative chromatograms of Ribavirin from underivatized silica columns:

Resolution and retention of ribavirin on the Phenomenex Luna Hilic column is very sensitive to 
changes in the constitution of injection solvent and injection volume so it dictated the treatment of the 
analyte in the preparation of samples.  A simplified protein precipitation sample preparation follows:

•25 μL plasma sample size
•96 well plate format

•50 μL of a 500 ng/mL solution of ribavirin-13C5 in mobile phase 
•0.5 mL mobile phase to precipitate the proteins
•Centrifugation at 4000 rpm for 5 min
•0.4 mL of the supernatant liquid was transferred to a clean 96 well plate.

•5 μL of the supernatant liquid was injected directly into the HPLC-MS/MS system. Figure 7 
shows representative extract chromatograms
•The example standard curve in Figure 8 shows the correlation over a range of 10-5000 ng/mL 

•Traditional C-18 HPLC columns or other common columns used for polar compounds did not exhibit suitable retention and/or peak 
shape was not obtained with published methods. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 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

  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


