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AbstractAbstract

ConclusionsConclusions

Selectivity based on hydrophobic and ionic properties can be achieved at the   
same time using a combination of RP columns and a positively charged HILIC   
stationary phase.

Simultaneous separation of pharmaceutical substances and anionic counterions 
can be achieved with this method.   

The retention time can be controlled by concentration of organic solvent and 
buffer ionic strength.

The combination of stationary phases and column length can be changed to 
obtain the optimum separation. 

Stationary phases used
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IntroductionIntroduction
Pharmaceutical compounds often consist of hydrophobic drug component 
and counterion, making it challenging to analyze by HPLC in one single 
run. Although mixed-mode HPLC columns have been developed recently 
to separate acid, basic and neutral molecules in a single run, more 
affordable and robust approach will be needed. This study demonstrates 
simultaneous detection of basic drug substances and inorganic anions by 
serial connection of a unique HILIC phase to RP stationary phases.

SIMULTANEOUS SEPARATION OF PHARMACEUTICAL SUBSTANCES    
AND COUNTERIONS USING A SERIAL CONNECTION OF 

HYDROPHILIC INTERACTION AND REVERSED PHASE COLUMNS

The majority of pharmaceutical medicines are developed as salt forms, and it is important to separate and detect the counterions as well as the parent 
pharmaceutical substances. It has been common practice to detect the organic pharmaceutical substances by reversed phase chromatography (RPLC) and 
separately the inorganic counterions by ion-exchange chromatography (IC). This method requires at least two analyses per sample. In this study, we 
demonstrate simultaneous detection of basic drug substances and inorganic anions in a single chromatographic analysis using a unique positively charged 
hydrophilic interaction chromatography (HILIC) stationary phase connected in series to a RPLC stationary phase. This combination of HILIC and RPLC
phases shows different separations than the mixed-mode stationary phases, which has RPLC and anion-exchange functions.

ExperimentalExperimental
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The samples were separated by reversed phase on a C18 column, but not on a HILIC column. 
The separation was achieved by a combination of C18 and HILIC phases, as well as a mixed-mode 
column

Figure 1: Separation of organic compounds by reversed phase (RP) mode 

C18 (4.6 mm ID x 75 mm)
+ HILIC (4.6 mm ID x 75 mm)

Mobile phase: Methanol : H2O = 60 :40
Flow rate:       1.0ml/min
Temperature:  30℃
Detection:       UV254nm
Sample:           1. Acetophenone

2. Methyl Benzoate
3. Benzene
4. TolueneHILIC stationary phase

(4.6 mm ID x 150 mm)

Figure 2: Separation of ions using ion-exchange chromatography (IC) mode
The samples were separated by ion-exchange made on a HILIC column, but not on a C18 
column. The separation was achieved by a combination of C18 and HILIC phases. Acclaim 
WAX-1 mixed mode showed very strong retention for ions.

Flow rate:       1.0ml/min
Temperature:  30℃
Detection:       ELSD
Sample:          1. Cl-

2. NO3
-

HILIC stationary phase
(4.6 mm ID x 150 mm)

C18 stationary phase
(4.6 mm ID x 150 mm)

C18 (4.6 mm ID x 75 mm)
+ HILIC (4.6 mm ID x 75 mm)

Figure 3: Effect of mobile phase
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Column:          COSMOSIL 5C18-MS-II (4.6mmI.D.×150mm)
Mobile phase: Acetonitrile : H2O = * : *
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Sample:             Cl-, Br-, NO3
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The retention on RP is controlled by concentration 
of organic solvent .

The retention on IC is controlled by 
concentration of salt.

Figure 4: Simultaneous detection of basic drug substances and inorganic 
anions using a combination of HILIC and C18 columns

Sample: Nicardipine Hydrochloride (5mg/ml)

C18 (4.6 mm ID x 75 mm)
+ HILIC (4.6 mm ID x 75 mm)

Mobile phase:  Acetonitrile : 150 mmol/l Ammonium Acetate = 60 : 40
Flow rate:        1.0ml/min
Temperature:   30℃
Detection:        ELSD
Inj.Vol.:           5 μl

Sample: Famotidine 
in Phosphate Buffered Saline (5mg/ml)

Mobile phase:   Acetonitrile : 50mmol/l Ammonium Acetate 
= 10 : 90

Flow rate:         1.0ml/min                     
Temperature:    30℃

Detection:         ELSD
Inj.Vol.:           10μl

1. Na+    
2. Cl-
3. PO43-
4. Famotidine

1. Nicardipine 
2. Cl-

Figure 5: Changing the combination of columns

C18 (4.6 mm ID x 75 mm)
+ HILIC (4.6 mm ID x 75 mm)

Mobile phase:  (C18 + HILIC) Methanol : 150mmol/l Ammonium Acetate = 40 : 60
(πNAP + HILIC) Methanol : 150mmol/l Ammonium Acetate = 75 : 35

Flow rate:        1.0ml/min
Temperature:   30℃
Detection:       ELSD
Sample:           1. Cl-

2. Palmatine
3. Berberine

C18 (4.6 mm ID x 75 mm)
+ HILIC (4.6 mm ID x 75 mm)

piNAP (4.6 mm ID x 75 mm)
+ HILIC (4.6 mm ID x 75 mm)

Sample: Berberine Hydrochloride + Palmatine Hydrochloride

Si

Stationary phase used 
COSMOSIL piNAP

Figure 6: Comparison with mixed mode columns

Palmatine Berberine

Sample: Berberine Hydrochloride 
+ Palmatine Hydrochloride

piNAP (4.6 mm ID x 75 mm)
+ HILIC (4.6 mm ID x 75 mm) Mobile phase: (πNAP + HILIC) Methanol : 150mmol/l Ammonium Acetate 

= 75 : 35
(Acclaim WAX-1) Methanol : 150mmol/l Ammonium Acetate

= 40 : 60
(Primesep B) Methanol : 150mmol/l Ammonium Acetate 
= 30 : 70

Flow rate:       1.0ml/min
Temperature: 30℃
Detection:       ELSD
Sample:          1. Cl-

2. Palmatine
3. Berberine

Primesep B mixed mode 
(4.6 mm ID x 150 mm)

Acclaim WAX-1 mixed mode
(4.6 mm ID x 150 mm)

Acclaim WAX-1 mixed mode
(4.6 mm ID x 150 mm)

Acclaim WAX-1 mixed mode
(4.6 mm ID x 150 mm)

Mobile phase: 
20mmol/l Ammonium Acetate

Mobile phase: 
150mmol/l Ammonium Acetate

Mobile phase: 
20mmol/l Ammonium Acetate

Mobile phase: 
20mmol/l Ammonium Acetate

Acclaim WAX-1 mixed mode
(4.6 mm ID x 150 mm)



<<
  /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
  /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 300
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


