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INTRODUCTION

Clonidine, an alpha-2 adrenoreceptor agonist, shows anal-
gesic action mediated through non-opioid mechanisms 
when administered intrathecally to patients with neuro-
pathic pain. For the treatment of chronic pain, intrathe-
cal administration of clonidine-opioid admixtures with 
implanted infusion pumps is used successfully. The com-
bination with clonidine allows the use of lower opioid doses 
and therefore reduces side effects [1, 2]. The only com-
mercially available injectable clonidine solution is marketed 
under the name of Catapresan (Boehringer Ingelheim), at a 
concentration of 0.15 mg/mL. The availability of a concen-
trated injectable clonidine solution would be useful for filling 
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ABSTRACT

Study objectives: To develop a concentrated injectable clonidine solution (2 mg/mL) to be used in an implantable infu-
sion system and to test its long-term stability.
Methods: Formulations for injectable solutions of clonidine 2 mg/mL at pH 4.1 and pH 7.3 were developed. Samples 
were prepared under aseptic conditions, sterilised by moist heat and stored at 40°C ± 2°C for up to six months. Photo-
stability was tested after one month. Clonidine concentrations were measured by high-performance liquid chromatogra-
phy (HPLC). Samples were visually inspected and the pH was measured at each time point.
Results: Clonidine concentration remained stable either at pH 4.1 or 7.3. No colour change or precipitation occurred 
during the study period. The pH of the samples prepared initially at pH 7.3 remained stable, whereas the pH of the sam-
ples at pH 4.1 showed a tendency to increase and displayed a high variability. Exposure to light did not influence the 
stability of the preparations.
Conclusion: Formulation of clonidine 2 mg/mL at pH 7.3 is stable at 40°C for at least six months without protection from 
light and is therefore a good option for long-term use in implantable infusion systems.
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infusion pumps with a higher dose; this would decrease 
the rate of infusion and the frequency of refilling the pumps. 
The aim of this study was to develop a concentrated cloni-
dine solution to be used in an implantable infusion system 
and to test its long-term stability.

METHODS

Solution preparation
Clonidine solutions at a concentration of 2 mg/mL were pre-
pared by dissolving clonidine hydrochloride (Clonidine PhEur, 
BUFA bv, Uitgeest, the Netherlands, batch number 03K20GR 
and 04L06JR) in a solution of sodium chloride 0.9% (Bioren 
SA, Couvet, Switzerland). The pH was adjusted by adding 
hydrochloric acid 0.01 mol/L or sodium hydroxide solution 
0.01 mol/L (Titrisol, Merck KGaA, Darmstadt, Germany) as 
required, to obtain either a pH of 4.1 or a pH of 7.3. The 
solutions were filtered (Minisart 0.2 µm syringe filter), placed 
in 5 mL glass vials sealed with brombutyl teflon stoppers and 
sterilised in the autoclave (121°C, 25 minutes). Preparation 
was carried out in a clean room in a horizontal laminar-airflow 
hood (Formulation for injectable clonidine solution 0.6 mg/
mL and 1.2 mg/mL at pH 4.1. Personal communication from 
Nicolas Schaad, Head of Pharmacy, Pharmacie Interhospi-
talière de la Côte (PIC), Morges, Switzerland).

Stability study
Two batches of clonidine solution at each pH were pre-
pared and their conformity to the specifications indicated 
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in the “injectable drugs” monograph of the European 
Pharmacopeia [3] was tested. The vials were stored for 
six months at 40°C ± 2°C. The concentration of clonidine, 
measured by HPLC, was controlled at two time points (0 
and 6 months). The pH and the visual aspect of the solu-
tions were controlled at four time points (0, 1, 3 and 6 
months) [4].

HPLC method
A Merck-Hitachi HPLC system consisting of pump, auto-
matic sample injector, column oven, degasser and UV 
detector was used. A Nucleosil 100-5C18 column (125 x 
4.6 mm ID, Macherey-Nagel, Dürren, Germany) was used. 
The mobile phase was 18% of acetonitrile and 82% of 
phosphate buffer at pH 7.00 with 0.01% triethylamine. All 
substances used were of analytical quality. The flow rate 
was 1.0 mL/minute and the column temperature was set at 
35°C. UV detection was at 271 nm.

Samples were prepared by diluting 150 µL of standard 
solution (clonidine 2 mg/mL) or 150 µL of experimental 
samples with 850 µL water, and 20 µL aliquots were 
injected. Concentrations of clonidine were calculated 
using peak areas versus standard concentration. Results 
were expressed as mean ± standard deviation (Méthode 
analytique pour le dosage du chlorhydrate de clonidine 
dans les solutions injectables de chlorhydrate de clonidine 
0.6 mg/mL et 1.2 mg/mL. Personal communication from 
Professor Jean-Luc Veuthey, Head of Department, Univer-
sité de Genève, Section des sciences pharmaceutiques, 
Laboratoire de chimie analytique pharmaceutique).

This method displayed good linearity (correlation coeffi-
cient of 0.997 in the range of 0.180 to 0.420 mg/mL) and 
precision (coefficient of variation 1.02%) with accuracy of 
100.37% ± 1.05%.

Forced degradation experiments were conducted in 
order to validate that the method indicated stability. 
Standard solutions were exposed to an elevated tem-
perature (40°C) and ultraviolet light for 500 hours. The 
chromatogram of the sample exposed to the elevated 
temperature remained unchanged whereas the sample 
exposed to ultraviolet light showed rapid clonidine deg-
radation with two additional chromatographic peaks 
(Validation de la méthode analytique pour le dosage du 
chlorhydrate de clonidine dans les solutions injectables 
de chlorhydrate de clonidine 0.6 mg/mL et 1.2 mg/mL. 
Personal communication from Professor Jean-Luc Veu-
they, Head of Department, Université de Genève, Section 
des sciences pharmaceutiques, Laboratoire de chimie 
analytique pharmaceutique).

pH determination
The pH of the solutions was measured with a pH meter 
with an Ag/AgCl combined pH electrode (Radiometer 
Analytical SAS, PHM210 pHC3001-8, Lyon, France).

Photostability study
Four vials of each preparation were exposed to daylight 
for a month. At the end of the exposure period clonidine 
concentration and pH were measured and the vials were 
examined for any changes in appearance [5, 6].

RESULTS

Stability study
All samples fulfilled the specifications indicated in the “inject-
able drugs” monograph of the European Pharmacopeia. 
No colour change or precipitation was observed in the vials 
during storage at 40°C for six months. The concentration 
of clonidine showed no significant change during the whole 
study period (Table 1). The pH values of the solutions at pH 
4.1 were influenced by the sterilisation process and showed 

Table 1: Test results of the stability study

Formulation 
pH

Batch Particle 
contamination

Physical 
aspect

Sterility Bacterial 
endotoxins 
(EU/mL)

Clonidine concentration 
(mg/mL)

>10 µm/
5 mL

>25 µm/
5 mL

day 0 After 6 
months

4.1 1 50 2 Colourless, 
clear

Fulfilled <0.02 1.990 ± 
0.025

2.058 ± 
0.025

2 40 2 Colourless, 
clear

Fulfilled <0.02 1.976 ± 
0.025

2.016 ± 
0.025

7.3 1 78 2 Colourless, 
clear

Fulfilled <0.02 1.995 ± 
0.025

2.031 ± 
0.025

2 44 2 Colourless, 
clear

Fulfilled <0.02 1.985 ± 
0.025

2.025 ± 
0.025
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a tendency to increase and a high variability whereas the 
pH values of the solutions at pH 7.3 were stable (Table 2).

Photostability study
Concentrations of clonidine and pH values were stable 
during the exposure period. There were no changes in the 
visual aspect of the solutions (Table 3).

DISCUSSION

Solution preparation
The choice of concentration of clonidine solution was 
based on a published study reporting the compatibility 
of clonidine 2 mg/mL with the infusion pump system 
used [2]. In the literature, pH values of 5 to 7 are sug-
gested for injectable clonidine solutions [6, 7]. Because 
the formulation of commercially available Catapresan has 
a pH between 4.0 and 4.5, a pH of 4.1 was chosen for 
the test. The pH 7.3 was chosen because it is closer to 

the physiological pH of 
cerebrospinal fluid.

Stability study
Both formulations of 
clonidine 2 mg/mL, i.e. 
with pH values of 4.1 
and 7.3, were stable 
regarding visual aspect 
and concentrations of 

clonidine. Concerning the pH of the solutions only the for-
mulation at pH 7.3 was stable. The increase in pH during 
the study period for the formulation at pH 4.1 has been 
observed in an earlier study and described in the literature 
as a pH shift toward neutrality [6], and has probably no 
influence on its therapeutic use.

Photostability study
Formulations of clonidine did not show sensitivity to 
light during the exposure period although degrada-
tion upon exposure to light is theoretically possible. 
Another study observed evidence of clonidine hydro-
chloride reactivity with light but concluded that it is not 
sufficiently reactive to require protection from light [6].

CONCLUSION

The clonidine formulation with a pH of 7.3 was stable 
for at least six months at 40°C, and without protection 
from light. The availability of a concentrated injectable 

clonidine solution, which can easily be prepared in a hospital 
pharmacy with facilities for sterile drug preparation, should 
allow us to expand the use of clonidine in intrathecal admin-
istration with implanted infusion pumps in patients with 
chronic pain. One advantage is that refilling the pumps could 
be less frequent. A second advantage is that, because the 
clonidine concentration is higher, more space will be avail-
able in the pump for other active agents, as long as they are 
compatible with the concentrated clonidine. This opens new 
therapeutic options for the treatment of chronic pain.

Table 2: pH values at time points 0, 1, 3 and 6 months

Formulation 
pH

Batch pH value day 0 pH value 
1 month

pH value 
3 months

pH value 
6 monthsBefore 

sterilisation
After 
sterilisation

4.1 1 4.13 ± 0.00 4.38 ± 0.11 4.73 ± 0.22 4.71 ± 0.21 5.23 ± 0.42
2 4.12 ± 0.02 4.52 ± 0.09 4.56 ± 0.17 4.83 ± 0.24 5.04 ± 0.75

7.3 1 7.32 ± 0.00 7.29 ± 0.00 7.34 ± 0.00 7.37 ± 0.01 7.34 ± 0.03
2 7.29 ± 0.00 7.28 ± 0.00 7.35 ± 0.00 7.37 ± 0.01 7.39 ± 0.03

Table 3:  Test results of the photostability study

Formulation 
pH

Time 
point

Clonidine 
concentration 
(mg/mL)

pH 
value

Visual 
aspect

4.1 day 0 1.990 ± 0.025 4.85 Colourless, 
clear

1 month 2.018 ± 0.025 4.89 Unchanged
7.3 day 0 1.989 ± 0.025 7.24 Colourless, 

clear
1 month 1.978 ± 0.025 7.42 Unchanged

1. Ackerman LL, Follett KA, Rosenquist RW. Long-term 
outcomes during treatment of chronic pain with intrath-
ecal clonidine or clonidine/opioid combinations. J Pain 
Symptom Manage. 2003;26(1):668-77.

2. Hildebrand KR, Elsberry DD, Hassenbusch SJ. Stability 
and compatibility of morphine-clonidine admixtures in an 
implantable infusion system. J Pain Symptom Manage. 
2003;25(5):464-71.

3. European Directorate for the Quality of Medi-
cines. European Pharmacopeia 4th ed. Strasbourg: 
EDQM;2002.

4. Q1A (R2): Stability testing of new drug substances and 
products (second revision) [monograph on the internet]. 

REFERENCES

Geneva: International Conference of Harmonisation; 
[2003; cited 2008 June 17]. Available from www.ich.
org/cache/compo/363-272-1.html#Q1A(R2)

5. Q1B: Photostability testing of new drug substances and 
products [monograph on the internet]. Geneva: Interna-
tional Conference of Harmonisation; [1997; cited 2008 
June 17]. Available from www.ich.org/cache/compo/
363-272-1.html#

6. Kostecka D, Duncan MR, Wagenknecht D. Formulation 
of a stable parenteral product: clonidine hydrochloride 
injection. J Pharm Sci Technol. 1998;52(6):320-5.

7. Trissel LA. Handbook on injectable drugs. 13th ed. 
Bethesda, MD: Am J Health-Syst Pharm. 2005.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 false
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /FRA <>
  >>
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


