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Abstract 

Pindolol is a beta blocker which helps to lower blood
pressure and may possibly also alleviate depression. 
With potentially even more uses for this drug product it is
important to develop faster analyses of it. Using pindolol
and a USP method, this study demonstrates how use of
short HPLC columns packed with sub-2-micron support
particles (ZORBAX SB-CN (L10) columns) provide easy
scalability to give faster, more-efficient HPLC separations.

Introduction

Beta blockers are a group of drugs used to treat
hypertension (high blood pressure). They are
named this because they block “beta receptors” on
a cell membrane. There is evidence that beta block-
ers inhibit adrenaline from binding to receptors.
Adrenaline is a hormone and neurotransmitter
which, when released into the bloodstream,
increases heart rate and vasoconstriction, and
decreases blood clotting time. Blocking adrenaline
reduces these effects, allowing the heart to work
less strenuously. Pindolol (Figure 1) is thus a beta
blocker helping to lower blood pressure.

Rapid Analysis of the Beta Blocker Pindolol,
using a USP Method with HPLC Columns
Packed with Sub-2-Micron Particles

Application Note

Pindolol is also used to treat depression. Besides
beta receptors, pindolol blocks other receptors
which, when inhibited, cause an increase in sero-
tonin in the brain. Serotonin, like adrenaline, is
also a neurotransmitter. Low levels of serotonin
are a symptom of depression. Again, blocking
receptors increases serotonin level and possibly
alleviates depression. However, clinical studies
have had mixed results, indicating further investi-
gation is needed to understand the relationship
between pindolol and neurotransmitter receptors.

Ongoing Advances in the Pharmaceutical Sciences

Continuous advancement in pharmacological
knowledge and new technologies often results in
finding that drugs such as pindolol can treat more
than one malady. These newly-discovered capabili-
ties make drugs more popular; thus increasing
need for more analyses. In turn, this creates need
for more results in less time. New technologies in
HPLC are part of the advancement in analytical
‘speed’: that is, in general there is a trend to faster,
more efficient HPLC separations (higher through-
put). This is made possible by use of smaller parti-
cles packed in shorter columns and specially
designed HPLC systems to take advantage of this
new column technology.
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Figure 1. Chemical structure of pindolol.
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Many analytical techniques including HPLC, found
in the US Pharmacopeia/National Formulary are
revised and updated in its Supplements. For exam-
ple, many older USP methods employing LC
columns were originally designed with 10-µm 
particles packed in 4.6 mm × 250 mm or 3.9 mm ×
300 mm columns. Analysis times typically were 
15 to 30 minutes. Many of these older methods
have been revised using 5 µm or 3.0 µm to 3.5 µm
particles in 4.6 mm × 150 mm columns. The goal of
this work was to speed up the USP method for pin-
dolol by performing the analysis with 1.8 µm parti-
cles packed in 4.6 × 50mm columns.

Scalability of Column Length

Scalability is the ability to change column dimen-
sions for a particular method without causing an
unacceptable change in chromatographic perfor-
mance. Changing the column length and particle
size of a HPLC method may not be as straightfor-
ward as it seems. Differences in silica particles,
batch-to-batch variability, column manufacturing
techniques, and even the HPLC instrumentation
itself can influence the chromatogram perhaps
producing results outside original method toler-
ances. All these factors may cause reluctance to try
scaling or improving an existing method.

In this investigation we found the above concerns
were alleviated when using ZORBAX StableBond
SB-CN (USP LC column type L10) and an Agilent
1100 (reconfigured with a Rapid Resolution Modi-
fication Kit, part number 5188-5324), or an Agilent
1200 Rapid Resolution System, to scale the USP
method for pindolol. The easy scalability of the
ZORBAX SB-CN column series quickly improves
the method by reducing analysis time and solvent
usage while still maintaining sufficient resolution.
These savings directly translate into increased lab
productivity.

Figure 2 compares the original USP method [1] for
pindolol analyzed with a 4.6 mm × 150 mm column
packed with 3.5-µm particles to an analysis per-
formed using 1.8-µm particles packed into a 
50-mm column of the same diameter. Indole was
used as the internal standard (ISTD). The bonded
phase in both columns is ZORBAX StableBond 
SB-CN (USP LC column type L10). Notice that res-
olution is maintained, analysis time shortened,
and sensitivity is increased in the shorter column.
These three benefits are always realized when 
converting methods from older, larger particle
technology to newer sub-2-micron technology.
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Figure 2. Scalability: Change column configuration to increase speed while maintaining resolution.
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As an additional benefit: no adjustments or fine
tuning of the method were necessary. Although,
when converting to 1.8-µm particles, one would
inherently surmise that system back pressure, ΔP,
would increase due to smaller particles (ΔP ~ 1/dp

2

where dp is average particle diameter). However,
this potential increase in pressure is offset by the
shorter column length and a proprietary engi-
neered particle size distribution process which
yields lower pressure than other sub-2-micron
columns. In this experiment, pressure was origi-
nally 133 bar using the 3.5-µm 150-mm column;
when the shorter 50-mm 1.8-µm column was
employed, the pressure was 196 bar.

Determination of Impurity in Pindolol

A magnified view of the two pindolol chro-
matograms (Figure 3) highlights an impurity sepa-
rated from pindolol. The USP monograph [1] states
that no more than 0.5% each, ratio of impurity
peak area to pindolol peak area, should be found
and the total of all impurities cannot exceed 2.0%.
Using SB-CN, an unknown impurity peak eluted
after the pindolol peak. Areas of the impurity peak
in the two chromatograms are the same (equiva-
lent injections), but the peak height of the impurity
analyzed by the sub-2-micron column is higher
(increased sensitivity), making the impurity easier
to detect and quantify. The impurity level was esti-
mated to be about 0.2%, below the 0.5% maximum
single-component impurity level stated in the USP
method [1].

Mobile phase: 70% A, 30% B
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Figure 3. Scalability: Change column configuration to increase speed and sensitivity; estimation of 
impurity level.
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Conclusions

Proven HPLC methods developed on 3.5-µm or 
5-µm particles packed in longer columns can be
scaled down by using shorter 1.8-µm particle
columns. Chromatographic benefits of this include:
faster analysis time, increased sensitivity, reduced
solvent costs, and maintaining the resolution of the
original chromatogram. In this investigation,
ZORBAX SB-CN columns were demonstrated to be
scalable. Using an Agilent 1100/1200 HPLC system,
simply substituting a shorter column for a longer
one packed with smaller particles was all that was
needed to scale down and improve the method,
thereby increasing laboratory productivity. Many
popular bonded phases are available on 1.8-µm
ZORBAX particles. StableBond-CN is a good exam-
ple and choice for an L10 type column, especially
for the USP pindolol method.

Products Used in this Application Note:
1. Rapid Resolution Modification Kit for Agilent

1100 Series Binary System, part no. 5188-5324
(for DAD).

2. Zorbax Rapid Resolution StableBond CN, 
3.5-µm, 4.6-mm × 150-mm, part no. 863953-905.

3. Zorbax Rapid Resolution HT StableBond CN,
1.8-µm, 4.6-mm × 50-mm, part no. 827975-905.

Reference
1. United States Pharmacopeia (USP) 27-NF22, 

p. 1493.

For More Information

For more information on our products and services,
visit our Web site at www.agilent.com/chem.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /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 true
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (U.S. Prepress Defaults)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 150
  /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 800
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


