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Preface 
 

 

 

This PhD project is the result of two large animal studies on in vivo mutations in expanded simple 

repeat (ESTR) DNA loci in female mice prenatally exposed to nanoparticles titanium dioxide ( UV-

Titan) and carbon black (Printex 90). 

The breeding of F2 generation mice from female F1 mice that were prenatally exposed was 

performed at the National Research Centre for the Working Environment from November 2008-

January 2010. 

The ESTR analysis was performed at the laboratory of Dr. Carole Yauk at the Environmental 

Health Centre, Health Canada, Ottawa in Ontario, Canada from February 2010-August 2010. 

This PhD was funded by, The National Food Institute, Technical University of Denmark (DTU)  

and the National Research Centre for the Working Environment (NRCWE). 
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Summary 
 
 
Particulate air pollution has been associated with an increased risk of cardiovascular disease and cancer in humans. Air 

pollution may also adversely affect pregnancy outcome and the integrity of sperm cells DNA. Animal studies have 

shown that inhalation of air particulates can induce mutations in premeiotic sperm cells. The investigation of potential 

mutagenic risk is of outmost importance, as it may lead to cancer. Furthermore, heritable mutations may be passed on to 

descendents and thereby pose a permanent genetic risk to the population.  

The nanosized fraction of particulate air pollution has recently come into focus. Inhaled nanoparticles are cleared very 

slowly from the lungs and a small fraction may translocate into the bloodstream and compartments of the body. In the 

airways nanoparticles can induce a high degree of pulmonary inflammation and oxidative stress. Nanoparticles are more 

reactive than larger sized particles and may have unique properties as a result of their size. The exposure to 

nanoparticles in the occupational setting and from consumer products will most likely increase greatly in the near future 

and thorough investigations of their potentially hazardous effects are needed. 

Expanded simple tandem repeat (ESTR) loci in mice are sensitive markers of mutagenic effects resulting from 

environmental exposures; Studies on adult mice have revealed that while particulate air pollution induced ESTR 

mutations in premeiotic sperm cells, the female germline was not affected. Unlike sperm cells that are continuously 

developed in adulthood, the majority of oocytes are in a dormant state during long periods of adult life and may 

therefore be less sensitive to mutations. However, female germ cells may be vulnerable during pregnancy when the 

female germ cells of the fetus when are actively dividing.  

 

The aim of this PhD study was to determine if two widely used nanoparticles titanium dioxide UV-Titan  and carbon 

black Printex 90 induce ESTR mutations in the germ cells of prenatally exposed females. Pregnant generation P mice 

were exposed to ~42 mg UV-Titan/m3/1 h/d during gestation days 8-18 or carbon black Printex 90 at gestation days 

(7,10,15 and 18) (total dose of 268 µg/animal) by intratracheal instillation. Maternal inflammation and DNA damage 

were assessed in order to assess the potential for indirect effects on offspring during pregnancy. Prenatally exposed F1 

females were grown to maturity and mated with unexposed males. The ESTR mutation rate in F2 offspring was 

estimated from full pedigrees (mother, father, offspring). ESTR mutation rates of 0.029/0.0025 (maternal allele) and 

0.047/0.053 (paternal allele) in UV-Titan/Printex 90-exposed F2 offspring were not statistically different from those of 

F2 controls: 0.037/0.024 (maternal allele) and 0.061/0.038 (paternal allele).  UV-Titan and Printex 90 exposure induced 

pulmonary inflammation in pregnant generation P mothers as well as changes in hepatic gene expression in the F1 

prenatally exposed females. However, ESTR mutation rates were not increased by UV-Titan or Printex 90 in prenatally 

exposed F1 females.   



 
Dansk resumé 
 
Partikler i luftforurening er blevet associeret med en øgning i risiko for kræft og cardiovaskulære sygdomme hos 

mennesker. Luftforurening kan have en negativ påvirkning på graviditetsparametre og sædcelle-DNA-integritet. 

Dyrestudier har desuden vist at inhalation af partikelforurening kan inducere mutationer i premeiotiske sædceller. Det er 

yderst vigtigt at få undersøgt denne potentielle mutationsrisiko da mutationer kan føre til kræft. Arvelige mutationer kan 

også videreføres til kommende generationer og på den måde udgøre en permanent risiko for genetiske påvirkninger i 

befolkningen. 

Der er på det sidste kommet en øget fokus på fraktionen af partikelforurening i nanostørrelse. Inhalerede nanopartikler 

fjernes langsomt fra lungerne og en lille andel kan muligvis translokere over i blodbanen og videre ud i kroppen. I 

luftvejene kan nanopartikler generere betændelsestilstande samt oxidativt stress. Nanopartikler er mere reaktive end 

større partikler og kan have unikke egenskaber på grund af deres lille størrelse. Eksponeringen for nanopartikler i 

arbejdsmiljøet samt som forbruger vil sandsynligvis stige kraftigt i den nærmeste fremtid og en grundig undersøgelse af 

deres potentielt skadelige effekter er påkrævet. 

Ekspanderede simple tandem DNA gentagelser (ESTR) i mus er følsomme markører for mutagene effekter forårsaget af 

en miljøpåvirkning. Studier på voksne mus har vist, at mens partikelforurening inducerer ESTR mutationer i 

premeiotiske sædceller, bliver kvindelige kønsceller ikke påvirket. I modsætning til sædceller, som dannes løbende 

gennem hele voksenlivet befinder størstedelen af ægceller sig i et hvilestadie gennem lange perioder af kvindens liv og 

ægceller er derfor muligvis mindre følsomme overfor mutationer. Ægceller kan imidlertid være følsomme overfor 

mutationer under fosterudviklingen, hvor de kvindelige kønsceller udvikles. 

Formålet med denne PhD var at undersøge om to hyppigt brugte nanopartikler titanium dioxid UV-Titan og carbon 

black Printex 90 kan inducere ESTR mutationer i prenatalt eksponerede kvindelige kønsceller. Gravide generation P 

mus blev eksponeret for ~42 mg UV-Titan/m3/1 t/d fra gestationsdag 8-18 eller for carbon black Printex 90 ved 

gestationsdag (7,10,15 og 18) (total dosis 268 µg/dyr) ved intratracheal instillation. Maternel inflammation og DNA 

skade blev undersøgt for at vurdere den potentielle indirekte effekt på afkom under graviditeten. Prenatalt eksponerede 

F1 hunmus blev ved kønsmodning parret med ueksponerede hanmus. ESTR mutationsraten i F2 afkom blev estimeret 

fra avl af (mor, far, afkom). ESTR mutation rater (0,029/0,0025 for den maternelle allel og  0,047/0,053 for den 

paternelle allel) for UV-Titan/Printex 90-eksponerede F2 afkom var ikke statistisk signifikant forskellige fra 

mutationsraterne i F2 kontroller: (0,037/0,024 for den maternelle allel og 0,061/0,038 for den paternelle allel).  

Eksponering for UV-Titan og Printex 90 inducerede lungeinflammation i gravide generation P mus samt ændringer i 

genekspressionen i leveren hos F1 prenatalt eksponeret hunligt afkom. Der var i midlertidig ikke nogen ændring i ESTR 

mutationsraten ved UV-Titan eller Printex 90 eksponering af hunligt F1 afkom i fostertilstanden. 

 



Abbreviations and definitions: 
 
 
BAL: Broncoalveolar lavage 

BaP: benzo(a)pyrene 

CB: Carbon black 

DEP: Diesel exhaust particles 

DSB: Double strand break  

DTU: Technical University of Denmark 

ENU: N-nitroso-N-ethylurea 

ESTR: Expanded simple tandem repeats 

ETOP: Etoposide 

FPG: Formamidopyrimidine-DNA glycosylase 

Generation P: The Parental generation, parental  dams are directly exposed. 

Generation F1: The first Filial generation of the P generation. F1 females are exposed in utero via the 

generation P dams.  

Generation F2: The second filial generation of the P generation. Produced by gametes from F1 females 

exposed in utero during gametogenesis.  

iPMS: methanesulfonate 

NM: Nanomaterials 

OA: okadaic acid  

NP: Nanoparticles 

NRCWE: National Research Centre for the Working Environment 

PAH: Polyaromatic hydrocarbons 

PCB: polychlorinated biphenyls 

PM: Particulate matter 

ROS: Reactive oxygen species 

SM-PCR: Single molecule PCR (polymerase chain reaction) 

SB: Strand breaks 

SSB: Single strand breaks 

TCDD: (2, 3, 7, 8-tetrachlorodibenzo-p-dioxin; 

TiO2: Titanium dioxide 
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ResearchEffects of prenatal exposure to surface-coated 
nanosized titanium dioxide (UV-Titan). A study in 
mice
Karin S Hougaard*1, Petra Jackson1,4, Keld A Jensen1, Jens J Sloth2, Katrin Löschner2, Erik H Larsen2, Renie K Birkedal1, 
Anni Vibenholt1, Anne-Mette Z Boisen1,2, Håkan Wallin1,3 and Ulla Vogel1,2,4

Abstract
Background: Engineered nanoparticles are smaller than 100 nm and designed to improve or achieve new phys
chemical properties. Consequently, also toxicological properties may change compared to the parent compound. We
examined developmental and neurobehavioral effects following maternal exposure to a nanoparticulate UV-filter (UV-
titan L181).

Methods: Time-mated mice (C57BL/6BomTac) were exposed by inhalation 1h/day to 42 mg/m3 aerosolized powder 
(1.7·106 n/cm3; peak-size: 97 nm) on gestation days 8-18. Endpoints included: maternal lung inflammation; gestational 
and litter parameters; offspring neurofunction and fertility. Physicochemical particle properties were determined to 
provide information on specific exposure and deposition.

Results: Particles consisted of mainly elongated rutile titanium dioxide (TiO2) with an average crystallite size of 21 nm
modified with Al, Si and Zr, and coated with polyalcohols. In exposed adult mice, 38 mg Ti/kg was detected in th
on day 5 and differential cell counts of bronchoalveolar lavage fluid revealed lung inflammation 5 and 26-27 days 
following exposure termination, relative to control mice. As young adults, prenatally exposed offspring tended to
the central zone of the open field and exposed female offspring displayed enhanced prepulse inhibition. Cognitive 
function was unaffected (Morris water maze test).

Conclusion: Inhalation exposure to nano-sized UV Titan dusts induced long term lung inflammation in time-mat
adult female mice. Gestationally exposed offspring displayed moderate neurobehavioral alterations. The result
discussed in the light of the observed particle size distribution in the exposure atmosphere and the potential pathways 
by which nanoparticles may impart changes in fetal development.

Background
Nanomaterial research and development is proceeding at
a rapid pace and many new nanotechnology products are
becoming commercially available [1]. Nanoparticles are
usually defined as particles with a primary particle size
between 1 and 100 nm along at least one axis. Engineered
nanoparticles (ENPs) normally possess new or enhanced
physico-chemical properties compared to that of the bulk
material due to inherent quantum size effects, a large sur-
face to volume ratio, and controlled particle shape and

surface coating. Consequently, toxicological properties o
ENPs may differ from that of their larger counterparts [2].
This highlights the need for toxicological assessment o
ENPs early in material development. Free nanoparticle
may behave more like a gas than solid matter because 
their small size. However, most primary particles in pow-
ders are firmly agglomerated and/or aggregated.

Although primary ENPs may be emitted during pro-
duction and de-agglomeration occurs during generation
of dust in powder handling, subsequent re-agglomeration
may still result from coagulation and scavenging when
particles are aerosolized (reviewed in [3]). Consequently
it is impossible to predict the size-distribution and aero-
sol behavior of ENPs or their potential de-agglomeration

* Correspondence: ksh@nrcwe.dk
1 National Research Centre for the Working Environment, Copenhagen Ø., 
Denmark
Full list of author information is available at the end of the article
© 2010 Hougaard et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
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