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What is Health Canada 

•	 Health Canada is the Federal department responsible 
for helping Canadians maintain and improve their 
health. 

•	 Broad responsibilities as a regulator of foods, 
biologics, consumer products, medical devices, 
natural health products, pesticides, pharmaceuticals, 
and chemical substances 
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Research at Health Canada 

• Focused on developing the scientific evidence base
 
to support the department’s regulatory activities 

•	 Identifying and responding to health risks posed by 

diseases, environmental chemicals, food contaminants and 
other threats; 

•	 Verifying that the drugs, food, medical devices and other 
therapeutic products available to Canadians are safe and 
effective; and 

•	 Providing information to help people make informed 
decisions about their health. 
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Health Canada and ICATM 

•	 Health Canada is a signatory to the 2009 ICATM 
Memorandum of Cooperation 

•	 There is no Canadian center for alternative test 
method validation 

•	 We remain committed to sharing our expertise and 
collaborating to develop and implement non-animal 
alternatives for regulatory testing 
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Past recent ICATM updates 

•	 Alternative safety testing strategies for acellular 
Pertussis vaccines 

•	 Cell transformation assays pre-validation study 

•	 Biochemical and cell-based methods for detecting 
and quantifying botulinum neurotoxin activity 

•	 Chemical method of detection for paralytic shellfish 
toxins 
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Originally 
presented at 
WC8 
Montreal, QC 
August, 2011 

Reduction of Animal Use Through
Validation of a Chemical Method of 
Detection for Paralytic Shellfish Toxins 

Wade Rourke 

Canadian Food Inspection Agency 

Dartmouth Laboratory 

© 2007 Her Majesty the Queen in right of Canada 
(Canadian Food Inspection Agency), all rights reserved. Use without permission is prohibited. 



 

   

        
 

         

       
     

   

Paralytic shellfish toxins
 

•	 Produced by algae and accumulate in filter-feeding 
shellfish 

•	 Potent human neurotoxicants, often causing death by 
respiratory paralysis 

•	 The Canadian Food Inspection Agency is responsible 
for monitoring levels in molluscan shellfish – 
Canadian Shellfish Sanitation Program 
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Test methods 

•	 Historical gold standard is the mouse time-to-death 
bioassay 
•	 Three mice are used per sample analyzed 
•	 A mouse unit [MU] is defined as the minimum amount of 

extract needed to cause the death of an 18 to 22 g white 
mouse in 15 minutes 

•	 Cannot provide toxin profiles 
•	 Expensive 
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Development of an alternative 

•	 Collaboration 
•	 CFIA Dartmouth Laboratory 
•	 National Research Council of Canada Institute for Marine 

Biosciences 

•	 Post-column oxidation (PCOX) HPLC method 
•	 July to October 2006 every sample analyzed by both 

methods in parallel 
•	 Single laboratory validation study (2009) 
•	 Multi-laboratory international study according to AOAC 

International protocols (15 labs, 11 countries) 
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Intermediate outcome 

•	 PCOX acceptance by Health Canada and the CFIA in 
August 2009 

•	 Followed by Interstate Shellfish Sanitation 
Conference acceptance 
•	 Use as routine monitoring for import/export samples 

•	 Implemented as screening tool in two CFIA labs in 
November 2009 
•	 Follow up in vivo testing for regulatory confirmation 
•	 Led to a 75% reduction in animal use 
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Final outcome 

•	 Final approval when AOAC International elevated the 
method to official method of analysis status in spring 
2011 

•	 Eliminated all animal shellfish toxin testing in four 
CFIA labs 

•	 Annual savings of 40,000 animals 
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Health Canada and test methods 

•	 Active involvement in the OECD Working Party of 
National Coordinators of the Test Guidelines 
Programme 
•	 Validation Management Group for Non-animal Testing 
•	 Advisory Group on Endocrine Disrupter Testing and 

Assessment 
•	 Advisory Group on Molecular Screening and
 

Toxicogenomics 

•	 Various expert groups, including genotoxicity and cell 

transformation assays 
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Health Canada’s ICATM role 

•	 Continue to contribute expertise, principally through 
the review of documentation, towards: 
•	 Validation study design 
•	 Validation studies 
•	 Peer review 
•	 Recommendations on suitability and limitations for use of 

alternative methods 

•	 Pre-validation research 

13 



    

   
 

  

 
   

    
 

In Vitro Versions of the 

Muta™Mouse Transgenic Rodent
 

Mutation Assay for Hazard
 
Identification of Chemicals
 

Paul  A.  White,  Christine L.   
Lemieux, Alexandra S. Long 

Genetic Toxicology Group,
 
Environmental Health Sciences &
 

Research Bureau
 



     

     
     

    
      

    

     
  

Transgenic Animals in Mutagenesis Research
 

BigBlue® rat – cII, lacI (lac repressor) 

BigBlue® mouse – cII, lacI (lac repressor) 

Muta™Mouse – cII, lacZ (ß-galactosidase) 


LacZ plasmid mouse – lacZ (ß-galactosidase)
 
Gpt delta rodents – gpt, gam, redBA
 

New OECD Guideline TG 488
 
July 28, 2011.
 



     
   

  

   

  
  
 
 

The Muta™Mouse
 
Transgenic System 

for Mutation Scoring
 

In vitro “rescue”, 
packaging, E. coli 

infection, and 
scoring. 

Source: Lambert et al. 2005. 
Mutat Res 590:1-280. 



We have isolated and characterized a stable epi-
thelial cell line from Muta™Mouse lung that is a
suitable complement to the in vivo assay system.
The cells are contact inhibited, forming a flat mono-
layer, and retain several epithelial/pulmonary
characteristics. The genome is stable across more
than 50 generations, with a modal chromosome
number of 78. Spontaneous rates of micronuclei
(19.2 ! 1.4 per 1,000), sister chromatid ex-
changes (0.25 ! 0.004 per chromosome), and
chromosome aberrations (" 4%) are lower than, or
comparable to, other transgenic cell lines currently
used in mutagenicity research. Fluorescence in situ
hybridization analyses showed that 80% of cells
contain three #gt10lacZ loci. Slot-blot analyses in-
dicated that the average cell contains "17 trans-
gene monomers. Spontaneous mutant frequency at
the lacZ transgene is stable (39.8 ! 1.1 $ 10%5),
and the direct-acting mutagens N-ethyl-N-nitro-

sourea and ICR-191 yielded increases in mutant
frequency of 6.3- and 3.2-fold above control, re-
spectively. Benzo[a]pyrene (BaP) exposure in-
creased mutant frequency more than 25-fold above
control and did not require an exogenous metabolic
activation mixture. Inhibition of Cyp1A1 by 5 &M
'-naphthoflavone eliminated BaP mutagenesis. Activa-
tion and mutation induction by the heterocyclic amine
2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine re-
quired a low concentration (0.05% v/v) of exogenous
rat liver S9. High activity of ', &, and ( glutathione-S-
transferase isozymes appears to confer resistance to the
cytotoxic effects of xenobiotics. The cell line is a suitable
complement to the in vivo Muta™Mouse assay, and
provides an opportunity for routine in vitro mutagenicity
testing using an endpoint that is identical to that em-
ployed in vivo. Environ. Mol. Mutagen. 42:166–184,
2003. © 2003 Wiley-Liss, Inc.
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INTRODUCTION

Transgenic rodent mutagenicity assays have facilitated
the scoring of in vivo mutations in almost all organs of
rodents. The cornerstone of the assay systems (e.g.,
Muta™Mouse, BigBlue! rat/mouse) is a retrievable inte-
grated transgene target that provides the opportunity to
assess in vivo mutant frequency in the genetic background
of a well-studied rodent [for reviews, see Ashby and Tin-
well, 1994; Schmezer et al., 1998]. The most commonly
used mutation targets are lacI, lacZ, and #cII, with a variety
of techniques available for scoring mutant frequency in
selected organs [Gossen et al., 1989; Kohler et al., 1991;
Jackubczak et al., 1996]. The Muta™Mouse lacZ (P-gal)
positive selection system, conducted in bacterial galE% host
cells, permits only mutant phage particles to form viable
plaques, thereby eliminating the need for laborious plaque
color screening [Gossen et al., 1992; Gossen and Vijg,
1993; Dean and Myhr, 1994; Mientjes et al., 1994; Vijg and
Douglas, 1996].

Like all in vivo assay systems, use of the Muta™Mouse
system can be constrained by cost. The typical cost for an in
vivo assay on a single compound is approximately US
$4,000 per tissue, not including costs for animal housing

and technical support. Costs for testing of suspected muta-
gens might be reduced through the use of transgenic cells
cultured in vitro. Such a complementary in vitro assay
system could screen suspected mutagens, and provide data
that are well suited to forecasting the outcome of an in vivo
test. Mutagenic hazard could be confirmed subsequently
using the standard in vivo assay, which employs the same
transgenic mutation marker.

Several transgenic rodent cell lines have been developed.
The BigBlue! Rat2 line was constructed by transfecting a
derivation of an established rat fibroblast cell line with the
#-LIZ shuttle vector carrying the lacI transgene [Erexson et
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Minced in 0.25% trypsin, 
overnight at 4ºC & 
45-90 min at 37ºC 

Processing of Muta™Mouse 
lung tissue and isolation of 
cells with epithelial morphology 

Mean doubling time = 18.7 ±1.2 hrs 
Cloning efficiency = 16.8 ± 1.2% 

Culture in DMEM:Ham’s F12 (1:1)
 
with 2% FBS + 1ng/mL murine EGF
 

37 ºC, 95% RH, 5%CO2
 

Repeated subculture on polystyrene

plates coated with covalently linked


collagen (rat tail type I)
 

Mitotic index (sub-confluent) = 14.1 ± 2.4%. 



     
   

   
    

  

 
 

 
 

Regulatory Problem: Low specificity of in vitro mammalian 
genetic toxicity tests 

Sensitivity
 
The proportion of carcinogens determined to be positive
 

Specificity
 
Proportion of non-carcinogens determined to be negative
 

Sources: Kirkland et al. 2005. Mutat 
Res. 584:1-256; Kirkland et al. 2007. 
Mutat Res 628:31-55. 



     

  

“Irrelevant” positive compounds – existing results
 

Adapted from Kirkland et al., 2005 
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accepted in vitro assays are in place. A caveat to the use of these assays is their relatively low specificity and
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1. Introduction

In vitro tests form an essential part of the assessment of geno-
toxicity and provide information on three major genetic endpoints,

namely (1) mutagenicity at a gene level, (2) chromosome breakage
and/or rearrangements (clastogenicity), and (3) numerical chromo-
some aberrations (CA)2 (aneugenicity) (SCCP, 2006a,b; Mueller
et al., 2003; Dearfield et al., 2002; COM, 2000). In the past, in vivo
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Evaluation of Muta™Mouse FE1 for regulatory use
 

 9 non-DNA-reactive (i.e., Salmonella negative) chemicals 

 Non-carcinogens 
 Previously elicited irrelevant positives in in vitro assays 

for gene mutation or chromosome damage 

 Identical to compounds being assessed in the current 
COLIPA trial 
 Same chemical lots wherever possible 

Contents lists available at ScienceDirect 

A tiered approach to the use of alternatives to animal testing for the safety 
assessment of cosmetics: Genotoxicity. A COLIPA analysis 

Stefan Pfuhler a, Annette Kirst b, Marilyn Aardema a,1, Norbert Banduhn c, Carsten Goebel d, Daisuke Araki e,
 
Margit Costabel-Farkas f, Eric Dufour g, Rolf Fautz b, James Harvey h, Nicola J. Hewitt i, Jalila Hibatallah j,
 
Paul Carmichael k, Martin Macfarlane k, Kerstin Reisinger c, Joanna Rowland l, Florian Schellauf m,
 
Andreas Schepky n, Julia Scheel c,*
 



  

        

       
 

  

     

     

         
  

         

“Irrelevant” positive compounds – FE1 results
 

 Each compound tested in FE1 cells up to 10mM/5mg/ 
plate, or to toxicity 

 All compounds tested with and without rat liver S9 

Without S9 

 7 of 9 compounds were negative overall 

 2 compounds (resorcinol and eugenol) positive only at 
very high concentrations 

With S9 

 All compounds were negative 



      
   

 

       
    

          
    

          
   

    

     “Irrelevant” positive compounds – FE1 results
 

 True positives (BaP, ENU) tested, as well as 
simultaneous BaP control (0.1ug/plate) – consistently 
positive 

 True negatives (ampicillin trihydrate and D-mannitol) also 
tested – both negative 

 Results indicate that the in vitro FE1 Muta™Mouse TGR
 
assay may be useful for regulatory testing of chemicals 

 Useful in confirming a negative Salmonella finding in 

mammalian cells, thus preventing unnecessary 
follow-up in vivo testing. 



      
  

       
 

     
      

   

        
  

P450 isoforms like 1A2 are almost 
exclusively hepatic. 

Several aromatic amines NOT active 
in FE1 cells (e.g., PhIP, NNN in 
cigarette smoke condensate). 

More difficult to obtain & culture, but 
suitable methods exist. 

Source: Chen et al. 2010. Environ 
Molec Mutagen. 51:330-337. 



 

   

       
    

  
       

 
      

       

Future priorities 

•	 Continue to develop, promote, investigate and/or 
implement alternative toxicity methods where we 
have scientific expertise 

•	 Active involvement in OECD Test Guidelines 
Programme 

•	 Continue engagement as an ICATM partner 
•	 Facilitator of linkages between groups to advance alternative 

methods 
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