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The use of UV-VIS spectroscopy for determining 

the photostability of epirubicin solutions

Zastosowanie spektroskopii UV-VIS do oceny fototrwałości roztworów epirubicyny

Anthracyclines are very effective anticancer drugs [4, 6] but their clinical use [8] is limited 
by their toxic effect on healthy tissue (cardiomyopathy) [9] and the drug resistance of tumor cells. 
Epirubicin is a second-generation antracycline antibiotic used in the therapy of lymphomas, sarcomas 
and a wide range of carcinomas [8]. The stability of antracyclines is affected by many factors including 
storage temperature, pH of the vehicle and the light. The stability of epirubicine in aqueous solutions 
has been studied [2, 3, 5, 7]. Information of the photostability of epirubicine involves the infl uence 
of fl uorescent light and sunlight [11]. 

The aim of this study was to determine the photostability of epirubicin according to ICH 
Guidelines. In order to determine the observed rate constants a UV-VIS spectroscopy method was 
used. 

EXPERIMENTAL DESIGN

MATERIAL AND METHODS

Epirubicin was obtained from the Institute of Biotechnology and Antibiotics, Warsaw, Poland. 
All solvents and chemicals were of analytical grade. Quantitative analysis was preformed by using a 
double-beam spectrophotometer (UV-VIS 160 A, Shimadzu) with PC 160 Plus software. Detection 
was performed at 480 nm. 

Photodegradation was carried out following the recommendations of the International Conference 
on Harmonization – version 1. A high-pressure mercury lamp (HBO-50) served as radiation source. 
An interference fi lter and a Wood’s fi lter were used to isolate the wavelength 365 nm and 510 nm 
regions. Solutions of epirubicin were irradiated in a cylindrical, quartz cell (volume = 2.8 mL, l = 1 
cm). A sample cell, protected against light by aluminium foil, was used as a dark control [1, 10]. The 
intensity of irradiation from the mercury lamp was measured by 2% W/V aqueous solution of quinine 
monohydrochloride dehydrate – a chemical actinometer (option 2 of the ICH Guidelines).
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VALIDATION OF THE METHOD

The method was validated according to the International Conference on Harmonization 
Guidelines for validation of analytical procedures.

Linea r it y.  Calibration curves for spectroscopic analysis were determined by linear regression. 
The linearity between A (absorbance) and the concentration of epirubicine in the water solutions 
ranging 0.012–0.06 mg mL-1 were evaluated. Linearity was also examined for three consecutive days 
in solutions of the same concentration prepared from the stock solution.

P recision.  The precision of the assay was determined as repeatability (intra-day) and 
intermediate precision (inter-day). In order to evaluate the repeatability of the method six individual 
samples of four different concentrations (0.020, 0.024, 0.032 and 0.040 mg mL-1 epirubicin) were 
prepared and analyzed on the same day. The intermediate precision (inter-day) was studied by 
comparing the assays from two different days at epirubicine concentration of 0.020, 0.024, 0.032 
and 0.040 mg mL-1.

T he l im it s  of  detect ion ( LOD) a nd qua nt it a t ion ( LOQ)  were calculated from the 
formulas LOD = 3.3 SD/a and LOQ = 10 SD/a, where SD is standard deviation and a is the slope of 
the corresponding calibration curve.  

KINETIC MEASUREMENTS

During preparation studies all solutions of epirubicine were protected from light. 
The initial photostability study of epirubicin in solutions was performed after expositing it to 

cool white fl uorescent and near ultraviolet lamp radiation, according to the ICH Q1B Guidelines.  To 
ensure the specifi ed light exposure the samples was exposed side-by-side with a validated chemical 
actinometric system. In the second part of the study the infl uence of radiation at λmax = 365 nm and 
λmax = 510 nm at room temperature was investigated. The initial concentration of epirubicin was 0.032 
mg mL-1. At specifi ed time intervals, determined by the rate of degradation, the absorbance of the 
solution was measured.

Microsoft Excel 2007 was used for the calculation of regression parameters. 

RESULTS AND DISCUSSION

Photostability studies of epirubicin were performed according to the ICH recommendations, for 
studies of photochemical stability of drug substance and products. As shown in Fig. 1, the spectrum 
of epirubicin shows four maxima at 232 nm, 254 nm 291 nm and 480 nm. Exposure of epirubicine 
to light produced changes in the UV-VIS  spectrum that involved a decrease in the intensity of the 
band at λmax = 480 nm. Changes in epirubicin concentration under experimental conditions were 
measured using the UV-VIS method described in this study. The method was validated with respect 
to linearity, precision, detection and quantitation limits. The assays exhibited linearity between the 
absorbance and concentration of epirubicin over the range 0.012 – 0.060 mg mL-1 (Fig. 2). The 
equation for the calibration curve is y = (19.78 ± 0.44)x, n = 10, r = 0,9995. The b value calculated 
from equation y = ax + b was not signifi cant. The UV-VIS method had good intra-day repeatability 
(RSD from 0.104% to 0.239%) and inter-day repeatability (RSD = 0.24%). Under the conditions 
of this study the detection limit was 1.43 · 10-3 mg·mL-1 of epirubicin and the quantitation limit 
was 4.34 · 10-3 mg·mL-1 of epirubicine. Validation results indicated that this method may be used to 
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determine the photostability of epirubicin in aqueous solutions. The initial photodegradation study 
of epirubicin in solutions proved its photosensivity involving the use of a chemical actinometer. 
Epirubicin was almost completely degraded, by the time the absorbance of the quinine chemical 
actinometer decreased by the value of 0.2, which is signifi cantly less than required 0.9. During this 
part of the study the colour of the epirubicin solution changed from red to colorless. 

λ

Fig. 1. Changes in UV spectra of water solution of epirubicin (c = 0.032 mg mL-1) after different 
time of photodegradation; cylindrical quartz cell − optical pathlength 1 cm, λ = 365 nm, 

photodegradation time 545 min

Fig. 2. The calibration curve of the determination of  epirubicin

The photodegradation of epirubicin was a pseudo-first-order reaction. The absorbance of 
the epirubicine samples under radiation at λmax = 365 nm decreased from Amax to A∞ > 0 over 
a period of time from t0 to t∞ (Fig. 3). The use of the subtraction technique showed that the 
dependence ln (A - A∞) = f(t) was linear (Fig. 4), so the degradation of epirubicin is described 
by the following equation: ln (A - A∞)  = ln (A0 - A∞) - kobs · t, where: A0, A, A∞ – absorbance at 
time 0, t and ∞, respectively, kobs – observed rate constant reaction of epirubicin degradation.

The rate constant of the reaction was equal to the slope of the plot of ln (At - A∞) = f (t), taken 
with the opposite sign and was (1.30 ± 0.39) · 10-4 [s-1]. During this part of the study the colour of the 
epirubicin solution changed from red to pale red.

The absorbance of the epirubicin samples under radiation at λmax = 510 nm decreased from Amax 
to A = 0 over a period of time from t0 to t∞ (Fig. 5). The dependence ln A = f(t) was linear (Fig. 6) and 
it is described by following equation: ln A = ln A0 - kobs · t, where: A0, A – absorbance at time 0, t and 
∞, respectively, kobs – observed rate constant reaction of epirubicin degradation.
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Fig. 3. Linear dependence A = f(t) of epirubicin photodegradation in solutions at isolated 
wavelength 365 nm region
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Fig. 4. Semilogarithmic plots for the photodegradation of epirubicin in solutions at isolated 
wavelength 365 nm region

Fig. 5. Linear dependence A = f(t) of epirubicin photodegradation in solutions at isolated 
wavelength 510 nm region



47The use of UV-VIS spectroscopy for determining the photostability...

In
 A

Fig. 6. Semilogarithmic plots for the photodegradation of epirubicin in solutions at isolated 
wavelength 510 nm region

The rate constant of the reaction was equal to the slope of the plot of ln A = f(t), taken with 
the opposite sign and was (8.40 ± 0.64) · 10-4 [s-1]. During this part of the study the colour of the 
epirubicin solution changed from red to colorless.

The degradation of epirubicin under radiation at λmax = 510 nm is signifi cantly faster 
and has a different mechanism compared to the degradation of epirubicin under radiation at  
λmax = 365 nm. In order to determine changes in the kinetic parameters of the photochemical degradation 
of epirubicin quantum yields were calculated. The quantum yields for the photodegradation of 
epirubicin solutions upon exposure to radiation at λmax = 365 nm and λmax = 510 nm were 6.10 · 10-5 
and 1.26 · 10-4, respectively. 

CONCLUSIONS

The photodegradation of epirubicine in solution is a pseudo-fi rst-order reaction which depends 
on substrate concentration. Results of the kinetic studies and quantum yields suggest that a water 
solution of epirubicin is  more susceptible to degradation upon exposure to light with λmax = 365 nm 
than λmax = 510 nm.
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SUMMARY

Photostability of epirubicin – an anticancer drug – was investigated. The solution samples 
were exposed to UV-A and VIS radiation and the photodegradation process was monitored by using 
a spectrophotometric method.  Epirubicin was shown to be photolabile and its photodegradation was 
a fi rst-order reaction. The quantum yields of each photodegradation process were also calculated. 

STRESZCZENIE

Zbadano fototrwałość epirubicyny – leku przeciwnowotworowego. Roztwory badane 
poddano ekspozycji na promieniowanie UV-A i VIS, a proces fotodegradacji analizowano metodą 
spektrofotometryczną. Epirubicyna była fotolabilna, a jej fotodegradacja zachodziła zgodnie 
z kinetyką pierwszego rzędu. Obliczono także wydajności kwantowe każdej reakcji fotodegradacji.



<<
  /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
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /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 <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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


