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ABSTRACT

Many drugs are found in the aquatic environment and are therefore a cause for
concern. Low concentrations of active ingredients from human pharmaceuticals reach
the environment via sewage treatment plants, mainly as a result of excretion. However,
other routes, such as incorrect disposal and direct releases from manufacture, could also
be of importance.

The effects of residual drugs in the environment are not well understood. This thesis
addresses the issue by using different genomic techniques. The evolutionary
conservation of 1,318 human drug targets were predicted in 16 species from different
taxonomic groups. We show that the majority of the drug targets are conserved in
aquatic vertebrates, while invertebrates and plants lack orthologs to many of the targets.
The presented predictions can serve as a basis for identifying potentially sensitive (and
insensitive) species that are used for the environmental risk assessment of
pharmaceuticals.

The effects on fish of exposure to a single pharmaceutical (ethinylestradiol) as well
as a complex industrial effluent that contains high levels of many drugs were explored
using microarray analysis. We identified two sensitive and potentially robust biomarkers
of estrogen exposure by performing a meta-analysis that combined our results with data
from the literature. The identified biomarkers were also used to evaluate the ability of
different sewage treatment technologies to remove estrogenic substances. Several
treatment technologies reduced the levels of estrogenic substances, but ozonation was
required to remove all measured biological effects. The fish that were exposed to a high
dilution of the industrial effluent showed increased hepatic Cypla enzyme activity and
altered expression of several genes that are involved in the detoxification of chemicals
and drugs. Although the gene expression pattern did not clearly point to any specific
group of substances, it could serve as a basis for hypothesizing mechanisms of toxicity
and possible causative agents in the effluent.

More research is needed to understand the risks of residual drugs in the
environment, and the presented results show that genomic approaches are useful for this

purpose.

Keywords: comparative pharmacology, ecotoxicology, fish, microarray, genomics,
wastewater treatment

ISBN 978-91-628-7749-1



ON THE USE OF GENOMICS TO ASSESS
ENVIRONMENTAL RISKS OF PHARMACEUTICALS

Akademisk avhandling

som for avliggande av medicine doktorsexamen vi Goteborgs universitet kommer att
forsvaras offentligt i horsal Arvid Carlsson, Academicum, Medicinaregatan 3, Goteborg,
torsdagen den 7 maj 2009, k1. 13.00

av
Lina Gunnarsson

Fakultetsopponent:
Professor Christer Hogstrand
Nutritional Sciences Division, School of Biomedical and Health Sciences,
King's College London, UK

Avhandlingen baseras pa foljande arbeten:

I Evolutionary Conservation of Human Drug Targets in Organisms used
for Environmental Risk Assessments.
*Gunnarsson L, “Jauhiainen A, Kristiansson E, Nerman O, Larsson, D G J.
Environ Sci Technol. 2008. 42(15):5807-5813. *equal contribution

I Sensitive and Robust Gene Expression Changes in Fish Exposed to
Estrogen - a Microarray Approach.
Gunnarsson L, Kristiansson E, Forlin L, Nerman O, Larsson D G J.
BMC Genomics. 2007. 8(149).

11 Comparison of six different sewage treatment technologies - reduction of
estrogenic substances and gene expression changes in exposed fish.
Gunnarsson L, Adolfsson-Erici M, Bjorlenius B, Rutgersson C, Forlin L,
Larsson D G J.

Submitted

v Pharmaceutical industry effluent diluted 1:500 affects global gene
expression, Cypla activity and plasma phosphate in fish.
Gunnarsson L, Kristiansson E, Rutgersson C, Sturve J, Fick J, Forlin L,
Larsson D G J.

Submitted

UNIVERSITY OF GOTHENBURG




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 99
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00440065006e006e00610020006a006f0062006f007000740069006f006e00660069006c002000e400720020006f007000740069006d00650072006100640020006600f6007200200044006f00630075005300790073002000700072006f00640075006b00740069006f006e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.283 858.898]
>> setpagedevice


