
 

 
THE FELINE THYROID GLAND: 
A MODEL FOR ENDOCRINE DISRUPTION BY 
POLYBROMINATED DIPHENYL ETHERS? 

 
         
 
 
 

        Donna Mensching 

                                             Val Beasley 
 Department of Veterinary Biosciences 
 University of Illinois at Urbana-Champaign 

 

 

      
 
      

ISTC Reports 
Illinois Sustainable Technology Center 

 

RR-115 
April 2009  

www.istc.illinois.edu 



 



                
                                                                                                   RR-115 
 
 

 

THE FELINE THYROID GLAND: 
A MODEL FOR ENDOCRINE DISRUPTION BY 

POLYBROMINATED DIPHENYL ETHERS? 
 

Donna Mensching1 

Val Beasley2 

Department of Veterinary Biosciences 
University of Illinois at Urbana-Champaign 

 

 
 

      
April 2009 

 
Submitted to the  

Illinois Sustainable Technology Center 
Institute of Natural Resource Sustainability 
University of Illinois at Urbana-Champaign 

www.istc.illinois.edu 
 

 
 The report is available on-line at: 
 http://www.istc.illinois.edu/info/library_docs/RR/RR-115.pdf 

 
Printed by the Authority of the State of Illinois 

Patrick J. Quinn, Governor 
 
 

1 Donna Mensching, DVM, MS, Diplomate - American Board of Veterinary Toxicology; Diplomate - 
American Board of Toxicology.  Currently with the ASPCA Animal Poison Control Center,  
Champaign, IL 
 
2Val Beasley, DVM, PhD, Diplomate - American Board of Veterinary Toxicology; Professor of 
Veterinary, Wildlife, and Ecological Toxicology and Executive Director, Envirovet Program in Wildlife 
and Ecosystem Health, Department of Veterinary Biosciences, College of Veterinary Medicine; and 
Affiliate, Illinois Natural History Survey, University of Illinois at Urbana-Champaign 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This report is part of ISTC’s Research Report Series (ISTC was formerly
known as WMRC, a division of IDNR).  Mention of trade names or commercial
products does not constitute endorsement or recommendation for use. 



ii 
 

Acknowledgments 

 
I thank Dr. Colleen Currigan and her staff at the Cat Hospital of Chicago, Dr. Robert Badertscher 

and his staff at the Arboretum View Animal Hospital, Dr. Stephen Gardner and his staff at the 

VCA of Albany, California, and the Veterinary Information Network for recruitment of cats to 

the s tudy.  I am a lso grateful to the Illinois S ustainable T echnology C enter ( ISTC) ( formerly 

Waste Management and Research Center) and the University of Illinois Campus Research Board 

for financial support of the project.  Individual thanks at the ISTC go to Mr. John Scott, Mr. Gary 

Bordson, Dr. Marvin Piwoni, and Ms. Bethany Coons for their analytical support. 

 

At the University of Illinois College of Veterinary Medicine, I thank Dr. Tom Graves and Ms. 

Tonya Keel for t he us e of t heir l aboratory and for t heir endocrine expertise.  I also t hank Dr. 

Susan Schantz for her knowledge of toxicology and willingness to serve as a mentor and a voice 

of r eason.  F or t he e ndocrine e xpertise be fore a nd a fter j oining t he de partment, de partmental 

support and mentorship t hereafter, a nd donation of  feline T SH, I  thank D r. Duncan Ferguson.  

Many thanks to the departmental staff including Ms. Kate Nofftz, Mr. Todd Blaizatis, Ms. Cindy 

Dillman, Ms. Linda Swett, and Ms. Carla Manuel for administrative help.  I also thank Dr. David 

Schaeffer for his statistical expertise.  A thank you is due to Ms. Lisa Shipp and her staff in the 

Clinical P athology Laboratory f or pr ompt a nalytical s ervices a nd a ssistance w ith obt aining 

supplies.  I  also thank Mr. Ryan Hanna for his willingness to assist with project shipments and 

ordering.  For their professional support and interest in my work, I thank Drs. Charlene Edinboro 

and Wanda Haschek-Hock. 

 

I am grateful to Dr. Val Beasley, my advisor, for his guidance and support of the project from 

conception to completion.  Many thanks to the friends, fellow graduate students at the University 

of Illinois, a nd c olleagues a t t he ASPCA A nimal P oison C ontrol C enter t hat s upported m e 

through the troughs and celebrated with me at the peaks.  F inally, a huge debt of gratitude goes 

to t he c ats t hat pa rticipated i n t he s tudy a nd t o t heir ow ners for granting pe rmission f or t heir 

inclusion.  



iii 
 

Table of Contents 

 
Acknowledgments..................................................................................................................... ii 
 
List of Tables ........................................................................................................................... iv 
 
List of Figures .......................................................................................................................... iv 
 
Abstract ......................................................................................................................................v 
 
Introduction ................................................................................................................................1 
 
Research Objectives ...................................................................................................................2 
 
Materials and Methods ...............................................................................................................3 

Recruitment of participants, sample collection, and T4 determination ..............................3 
TSH standardization and determination .............................................................................3 
Sample extraction and clean-up ..........................................................................................3 
Lipid determination ............................................................................................................4 
Analysis of sample extracts ................................................................................................4 
Quality Assurance/Quality Control ....................................................................................4 
PBDE exposure calculations ...............................................................................................4 
Statistical analyses ..............................................................................................................5 
Client communication and questionnaire ...........................................................................5 
 

Results ........................................................................................................................................5 
T4 and TSH .........................................................................................................................5 
PBDEs in serum and adipose tissue ....................................................................................7 
PBDEs in canned food ......................................................................................................11 
PBDEs in dust ...................................................................................................................12 
PBDEs in serum versus dust .............................................................................................14 
PBDE exposure calculations .............................................................................................16 
Client questionnaires ........................................................................................................16 

 
Conclusions ..............................................................................................................................16 
 
Literature Cited ........................................................................................................................18 
 



iv 
 

List of Tables 
 

Table 1.    Summary of serum T4 and TSH results in study groups ...................................6 
 

Table 2. Range of total serum PBDEs in ng/g lipid with mean and median for total   
 client-owned cats, client-owned euthyroid, client-owned hyperthyroid, and  
 feral cats .............................................................................................................7 

 
Table 3. Statistically significant results obtained from PBDE percent composition 
 profiles of feral and client-owned euthyroid and hyperthyroid cats  
 (Figure 2) .........................................................................................................10 

 
Table 4.    Total PBDEs of 10 commercial canned cat foods ...........................................11 

 
 
List of Figures 
 

Figure 1. Log ΣPBDEs (ng/g lipid) versus age in euthyroid (a) and hyperthyroid (b)  
cats .....................................................................................................................8 

 
Figure 2. Percent composition of prominent PBDE congeners in serum of client-owned 

euthyroid, client-owned hyperthyroid, and feral cats. “Other” represents the  
sum of the concentrations of minor PBDEs also identified in serum ................9 

 
Figure 3.  Cluster analysis of PBDE content of 10 commercial canned cat foods ...........12 
 
Figure 4. Theoretical distributions of dust concentrations in homes of euthyroid versus 

hyperthyroid cats.  Count (y-axis) represents numbers of cats, and x-axis 
is the log (log) of dust total PBDE concentration ............................................13 

 
Figure 5. Comparison of ΣPBDEs lipid in serum, ΣPBDEs in dust, and T4standardized  

to the mean (0) of each variable in hyperthyroid versus euthyroid client- 
owned cats ........................................................................................................15 



v 
 

Abstract* 
 
Polybrominated diphenyl ethers (PBDEs) are ubiquitous flame retardants and known endocrine 

disruptors us ed i n m any hous ehold pr oducts s ince t he 1970s .  They are l ipophilic a nd 

bioaccumulate, with t issue residues in humans and wildlife exponentially increasing since their 

inception.  Feline h yperthyroidism ( FH) is  a  common disease of  geriatric dom estic c ats f irst 

recognized onl y after P BDE production be gan.  FH has be en associated with a  va riety of  r isk 

factors and the associated thyroid abnormalities are morphologically and functionally analogous 

to hum an t oxic ( multi)nodular goiter (TNG), but i ts e tiology remains unknow n.  T hyroid 

hyperplasia, a  pr elude of  T NG, w as l inked w ith e xperimental e xposure of r ats t o P BDEs i n 

1975.  Structurally similar to thyroxine (T4) and triiodothyronine (T3), hydroxylated metabolites 

of PBDEs have been shown to bind to transthyretin, the dominant high-affinity serum binding 

protein i n c ats, and t o thyroid hor mone r eceptors ( TRs), and a lso t o inhibit 5’ -deiodinases.  

Experimental e xposures t o PBDEs ha ve r esulted i n de creased T 4 l evels vi a 

uridinediphosphoglucuronosyl transferase (UDPGT) induction.   

 

To test the hypothesis that PBDE exposure is associated with endocrine disruption of the feline 

thyroid g land a nd hyperthyroidism, we analyzed s erum f rom 62  cl ient-owned dom estic a nd 9 

feral cats ( 2 of  w hich were pool ed) for 15 P BDE congeners w ith gas c hromatography/high 

resolution m ass s pectroscopy (GC/HRMS).  T o e valuate pot ential s ources of  e xposure, dus t 

samples f rom 19  hom es a nd 10 commercial c anned cat f ood samples w ere extracted using a 

modified E PA M ethod 3545 a nd analyzed vi a GC/HRMS.  Total lipi d-adjusted s erum P BDE 

burdens r anged f rom 37 3 ng /g l ipid t o 51,063 n g/g l ipid ( mean: 5,865 ng/g l ipid) f or c lient-

owned cats and 457-3712 ng/g lipid (mean: 1,203 ng/g lipid) for feral cats.  This difference was 

statistically s ignificant a nd m ay be  attributable t o e nvironment, di et, a nd/or a ge.  A mong t he 

client-owned cats, total lipid-adjusted PBDEs are extremely high compared to published values 

for hum an b eings and r epresent t he hi ghest doc umented P BDE bu rdens i n a ny s pecies on t he 

planet to date.  Total lipid-adjusted PBDEs did not correlate with age or thyroid status.  BDE-153 

had a  hi gher p ercent c omposition i n s erum of  e uthyroid cats t han i n h yperthyroid c ats.  T he 

percent composition of BDE-183 was significantly higher in feral cats versus client-owned cats 

of ei ther t hyroid status.  E levated TSH w as n ot de tected any s ubject.  I n fact, all of  t he 

hyperthyroid cats and 7 9% of  t he euthyroid cats, i ncluding a ll of  t he e uthyroid f eral cats, had 
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TSH concentrations be low the d etection l imit of  0.03 ng/ml on  the canine DPC IMMULITE® 

assay standardized with recombinant feline TSH.  Concentrations of PBDEs in dust ranged from 

510 ng/g to 95,448 ng /g (mean: 8,098 ng /g) and were significantly higher in dust samples from 

homes of  h yperthyroid cats a s c ompared t o t hose of  e uthyroid c ats.  P BDEs i n c anned f oods 

ranged from 0.42-3.09 ng/g (mean: 1.79 ng/g).  We estimated that total daily ingestion of PBDEs 

for dom estic cats r anges f rom 32 t o 3,906  n g/kg BW ( mean: 375 n g/kg BW).  Backward 

calculation f rom t he m ean f eline s erum bod y bur den s uggested d aily exposure t o 1,038  

ng/kg/day ( range:  66 -9,038 ng /kg/day).  A t t he hi gh e nd, f orward a nd backward calculation 

estimates equated to 6.5 and 15%, respectively, of the lowest single acutely toxic dose known to 

disrupt neurodevelopment in laboratory animals.  These estimates also equated to 1.3 and 3.0%, 

respectively, of t he l owest s ingle acutely t oxic d ose known to di srupt t hyroid function.  Body 

burdens of  P BDEs i n cats c hronically e xposed t o t hem m ay r each endocrine di sruptive 

concentrations ove r t ime, a  pos sible e xplanation a s t o w hy F H i s pr edominantly a geriatric 

disease.   

 

We c oncluded that dom estic cats a re hi ghly exposed t o P BDEs, l argely through i ngestion of  

household dus t dur ing grooming.  If P BDEs play a r ole i n h yperplasia l eading t o t hyroid 

autonomy, they apparently do not  do s o by markedly increasing TSH.  It seems more plausible 

that P BDEs m ay act di rectly a t t he t hyroid nuc lear r eceptors, a t pi tuitary T Rs, a nd/or a t a n 

earlier, potentially developmental, time point.   

 

 
*[This report is based on the research described in greater detail in: 
Mensching D (2008).  The Feline Thyroid Gland:  A Model for Endocrine Disruption by 
Polybrominated Diphenyl Ethers?  Master’s Thesis, University of Illinois at Urbana-Champaign, 
Spring 2008.] 
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Introduction 

Polybrominated diphenyl ethers (PBDEs) are ubiquitous flame retardants and known endocrine 

disruptors us ed i n m any household pr oducts since t he 1970s .  T hey are l ipophilic a nd 

bioaccumulate, s uch t hat t issue r esidues i n hum ans a nd w ildlife ha ve ex ponentially i ncreased 

since their inception (Darnerud et al., 2001).  Feline hyperthyroidism (FH) is a common disease 

of geriatric domestic cats first recognized only after PBDE use became widespread.  FH has been 

associated with a va riety of r isk factors a nd i s a nalogous m orphologically and f unctionally t o 

human t oxic nodul ar goiter ( TNG)(Scarlett e t a l., 1988;  S carlett, 1994;  M artin e t a l., 2000;  

Edinboro e t a l., 2004;  O lzcak e t a l., 2005) , b ut i ts e tiology r emains unknow n.  T hyroid 

hyperplasia, a prelude of TNG, was linked with experimental exposure of rats to PBDEs in 1975 

(Norris et al.) and again in recent years (NTP, 2001; Stoker et al., 2004).  Structurally similar to 

thyroxine (T4) and triiodothyronine (T3), hydroxylated metabolites of PBDEs have been shown 

to bind to thyroid hormone receptors (TRs)(Marsh et al., 1998) and to t ransthyretin (Meerts et 

al., 2000) , t he dominant hi gh-affinity s erum bi nding pr otein i n c ats, and a lso t o i nhibit 5’ -

deiodinases (Szabo et al., 2007).  E xperimental exposures to PBDEs have resulted in decreased 

serum T 4 vi a i nduction of  ur idinediphosphoglucuronosyltransferase ( UDPGT) ( Zhou e t a l., 

2001; Hallgren and Darnerud, 2002; Stoker et al., 2004).  Few studies to date have investigated 

the association of PBDEs and the development of feline hyperthyroidism (Dye et al., 2007).  The 

goals of  t his pr oject i ncluded doc umenting P BDE bur dens i n t he s erum and a dipose t issue of  

domestic cat s and correlating t hese bur dens w ith the pr esence o r abs ence of  h yperthyroidism, 

identifying a subclinical stage in the pathophysiology of the disease in which thyroid stimulating 

hormone (TSH) is elevated and correlating TSH elevation with PBDE burdens, and examining 

both hous ehold dus t a nd c ommercial c anned c at f oods t o de termine t he likely sources of  

exposure for domestic cats. 
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Research Objectives 

Based on the temporal association of the arrival of PBDEs and the recognition of FH, the known 

epidemiologic r isk f actors f or F H, t he g lobal a nd e specially t he N orth American ubi quity of  

PBDEs both in food and household dust, the propensity for domestic cats to groom themselves, 

and the known endocrine disruptive properties of PBDEs on the HPT axis, we hypothesized that 

PBDEs play a role in the development of FH with ingestion of canned cat food and household 

dust serving as sources of exposure.  We further hypothesized that PBDEs competitively inhibit 

the a ction of  t hyroxine i n c ats t o pr event n egative f eedback a t t he l evel of  t he pi tuitary, 

increasing T SH, and we t heorized that s uch an increase m ight a ccount f or t he e pizootic of  

adenomatous hyperplasia, which ultimately results in autonomous function and thyrotoxicosis. 

 

Specific research objectives included the following: 

1) To compare PBDE burdens in serum and adipose tissue in age-matched euthyroid versus 

hyperthyroid cats to determine if  h yperthyroidism c orrelates with heavier contaminant 

loads. 

2) To standardize a TSH assay for cats to identify a subset of euthyroid cats with elevated 

TSH concentrations and to correlate TSH concentrations with PBDE burdens in serum.  

3) To e valuate t he P BDE c ontent of  c ommercial canned c at f oods a nd hous ehold dus t t o 

identify predominant exposure sources for domestic cats. 

 

The inclusion of samples from a population of feral cats in California was serendipitous 

and not  pa rt o f t he o riginal s tudy d esign.  T hese da ta enabled a  comparison be tween s erum 

PBDE burdens of geriatric, predominantly indoor cats with cats of a presumptively non-geriatric, 

outdoor population. 
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Materials and Methods 

Recruitment of participants, sample collection, and T4 determination 

Predominantly indoor, client-owned cats ≥ 7 years of age were enrolled in the study at the Cat 

Hospital of Chicago (CHOC; Chicago, IL), Arboretum View Animal Hospital (AVAH; Downers 

Grove, IL), Veterinary Clinics of  A merica ( VCA; A lbany, CA), and the V eterinary T eaching 

Hospital of the University of Illinois, College of Veterinary Medicine (VTH; Urbana, IL).  VCA 

was recruited to the study through the Veterinary Information Network (VIN; www.vin.com).  A 

small population of feral cats in northern California was also included in the study.  Animal use 

was a pproved by the  University of  Illinois Institutional A nimal Care a nd Use C ommittee 

(IACUC P rotocol #05 173).  S erum T 4 w as a nalyzed b y radio- or che miluminescent 

immunoassay by commercial veterinary laboratories chosen by the veterinary practices involved.  

Hyperthyroid cats were actively h yperthyroid at the time of  sample collection.  Euthyroid cats 

were clinically normal and either had normal thyroxine ranges at the time of sample collection or 

had their status confirmed as euthyroid by nuclear scintigraphy.   

 

TSH standardization and determination 

Using r ecombinant f eline T SH ( rfTSH) generously dona ted t o t he p roject b y D r. D uncan 

Ferguson (Rayalam et al., 2006a and b), the DPC IMMULITE® chemiluminescent canine TSH 

assay w as cal ibrated for f eline s amples ( DPC®, Los A ngeles, C A).  C alibration s tandards, a  

control zero calibrator, and s tudy participant samples were submitted to the Clinical Pathology 

Laboratory at the University of Illinois, College of Veterinary Medicine. 

 

Sample extraction and clean-up 

Serum s amples w ere extracted by l iquid-liquid e xtraction us ing m ethanol, he xane, a nd 

anhydrous e thyl ether.  D ust, c anned f ood, a nd a dipose t issue s amples w ere extracted b y 

pressurized fluid extraction (PFE), a WMRC-modified version of EPA Method 3545 (U.S. EPA, 

1998).  Silica gel fractionation, modified U.S. EPA method 3630, was performed to clean up the 

samples.  Gel permeation (size exclusion) chromatography (GPC) was performed as a clean up 

step to remove the  ma jority o f lipi ds f rom the  s amples.  T he me thod is a  W MRC-modified 

version of EPA Method 3640. 

 

http://www.vin.com/�
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Lipid determination 

Lipid percentage was determined for all serum samples using the sulfo-phospho-vanillin reaction 

method of F rings e t a l. (1972).  F or adipose t issue s amples, l ipid pe rcentage w as de termined 

using the Labconco® Freeze Dryer 4.5 (Kansas City, MO). 

 

Analysis of sample extracts 

A m odification o f U .S. EPA dr aft m ethod 1614  ( U.S. E PA, 2003)  was used i n t he a nalytical 

process.  Instrumentation included a Micromass Autospec NT High Resolution (>10,000) mass 

spectrometer (HRMS) equipped with a HP 6890 gas chromatograph (GC) outfitted with a single 

Stx®-500 column (15 m x 0.25 mm internal diameter x 0.15 μm df).  Peak retention time and the 

abundance ratio of  selected ion f ragments were used to identify and confirm individual PBDE 

congeners 17, 28, 47, 49, 66, 71, 85, 99, 100, 138, 153, 154, 183, 190, and 209.   

 

Quality Assurance/Quality Control 

Blanks, reagent blanks, spiked samples (with PBDE reference standards), duplicates, surrogates, 

and i nternal s tandards were employed t o a ssure a nd c ontrol f or t he q uality of  t he a nalytical 

results. 

 

 PBDE exposure calculations 

Forward c alculation of  PBDE i ntake f or dom estic c ats w as pe rformed us ing t he f ollowing 

estimates:  1)  the average cat  weighs 5 kg, 2) the average volume of canned food ingested per 

day for c ats e ating e xclusively c anned f ood i s 5 ounc es, a nd 3)  t he average amount of  dus t 

ingested per day per cat is 200 mg, a weight-adjusted estimate derived from U.S. EPA estimates 

of dust ingestion by toddlers.  The total amount of PBDEs ingested/day in food was determined 

by multiplying the measured PBDE concentrations in canned cat food by 142 grams (5 ounces).  

The total amount of PBDEs ingested/day in dust was determined by multiplying measured PBDE 

concentrations in house dust by 0.2 g (200 mg).  Total PBDEs ingested/day in canned food and 

dust were added together and divided by the average body weight (BW) of 5 kg to determine the 

total ng of PBDEs ingested/kg/day.   
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PBDE intake for domestic cats was calculated from measured lipid-adjusted serum residues in a 

backward f ashion b y converting each 1 n g/g of P BDE bod y bu rden to a n i ntake of  0.177  

ng/kg/day from the following formula from McDonald (2005): 
      Intake (ng/kg/d) = [(ln 2) x (PBDE μg/kglipid measured)]  x  

A tot al of  62 c lient-owned c ats w ere i ncluded in our  s tudy, i ncluding 21 e uthyroid a nd 41  

hyperthyroid cats.  Serum samples from 10 feral cats were also collected.  One hyperthyroid cat, 

one e uthyroid cat, and all f eral cats w ere from California.  A ll ot her cats w ere f rom I llinois.  

Thyroid status was determined for all cats as sample volumes allowed using serum total T4 and 

TSH.  Serum T4 was determined for al l cl ient-owned cats and for 6 f eral cats.  T hyroid s tatus 

was not  determined in those feral cats (n = 4)  from whom a separate aliquot of serum was not 

[(fraction adipose) x (1,000 ng/μg)] 

                                                                                                      [(half life d) x (fraction absorbed)] 

                     where fraction adipose = proportion of body fat (0.3 used for adult women) 

                                          half life d = half life of the congener in days 

                              fraction absorbed = bioavailability of the congener (ranged from 0.78-0.94) 

 

Statistical analyses 

Statistical analyses (ANOVA/t-tests, Spearman’s rank correlation, linear regression, Fisher Exact 

test, and Cluster analyses) were performed using Excel® (Microsoft, Seattle, WA), SYSTAT®12 

software (SPPS, Chicago, IL), and SAS (SAS Institute Inc., Cary, NC).  Where possible, da ta 

with non-normal distributions were log transformed to normality.  Non-parametric analyses were 

conducted t hereafter i f l og t ransformation di d not  a chieve nor mality.  A  p va lue <  0.05 w as 

chosen to detect significant differences.  

 

Client communication and questionnaire 

Several doc uments w ere pr epared for ve terinarians r ecruiting cl ients t o the s tudy.  T he 

documents i ncluded a n introductory letter, a  c lient c onsent f orm, and a que stionnaire.  The 

clients were asked to contribute a dust sample from their homes from their vacuum bag.   

The clients were also asked to complete a questionnaire regarding their cat’s health history,  

diet, and environmental factors.     

 

Results  

T4 and TSH 
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provided ( distinct f rom PBDE s erum t ube) du e to s eparate l aboratory a nd s torage conditions 

required for t he two analyses.  O f t hose f eral cats f rom which two separate s amples of  s erum 

were obt ained (n =6), two cats ha d s ubnormal thyroxine va lues, s uch t hat t hey c ould not  be  

considered euthyroid.  Of the remaining 4 samples, 2 were pooled for PBDE analysis to meet the 

minimum required volume, r esulting in 3 s amples for which a  complete da taset was obt ained.  

TSH was determined for 18 c lient-owned euthyroid, 36 c lient-owned hyperthyroid, and 9 f eral 

cat samples (n = 10, 2 pool ed samples).  In statistical analyses, values below the detection limit 

of 0.03 ng/ml were assigned a value of 0.015 ng/ml (midpoint between detection limit and zero).  

Table 1 summarizes these findings. 

 

Table 1:  Summary of serum T4 and TSH results in study groups. 

Environment  

and 

Thyroid Status 

 

Mean T4 

(μg/dl) 

Range  

of T4 

(μg/dl) 

 

TSH 

(ng/ml) 

Client-owned  

euthyroid cats 

2.29 

(n = 21) 

1.5-4.8 Mean = 0.038  
(n = 5; range 0.030-0.060) 
All others < 0.03  
(n = 13) 

Client-owned  

hyperthyroid cats 

7.96 

(n = 41) 

2.8-24 All < 0.03  

(n = 36) 

Feral  

euthyroid cats 

1.62 

(n = 6) 

1.21-2.49 0.11 (n = 1) 
All others < 0.03  
(n = 8) 

    
 

Regarding T SH de termination, t he r fTSH s tandards s howed good c orrelation ( r2 = 0.992, p <  

0.001) with the results from the DPC IMMULITE® canine TSH assay, correcting for the 35.7% 

cross-reactivity of the assay for feline TSH (Rayalam et al., 2006 a, b).  All of the hyperthyroid 

cats for which serum was available for TSH testing (n = 36) had undetectable TSH values, noted 

as <0.03 ng/ml, the limit of detection for the assay.  O f 24 e uthyroid samples tested, 79% were 

undetectable.  The difference between TSH concentrations of euthyroid versus hyperthyroid cats 

was s tatistically significant ( Fisher Exact te st, two-tailed, p <0.01).  O f the f ive ( 5) e uthyroid 

samples a t or  above the detection l imit, the highest measured TSH was 0.06 ng/ml (corrected:  
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0.17 ng/ml).  T he mean of these results was 0.038 ng/ml (corrected: 0.11 ng/ml).  Incidentally, 

the highest TSH concentration measured, 0.11 ng/ml (corrected:  0.31 n g/ml), came from a feral 

cat sample for which insufficient serum was available for T4 analysis but which had the highest 

PBDE burden of the feral cats (3,712 ng/g lipid). 

 

PBDEs in serum and adipose tissue 

PBDEs were found in every sample tested.  R esults for the range of total lipid-adjusted PBDEs 

in serum with the mean and median for each group are listed in Table 2.  One of the euthyroid 

serum s amples w as l ost dur ing s ample pr eparation.  R esults f rom f eral cat  s ample #5 were 

unreliable based on surrogate recovery.  The serum sample for one hyperthyroid cat appeared to 

have be en c ontaminated w ith ~ 0.62 ng /g o f e ach c ongener ( presumably i nadvertently s piked).  

This va lue w as s ubtracted from t he r aw da ta.  D ue t o small s ample v olumes and a s imilar 

estimated age cl ass, serum s amples f rom f eral cats 1 and 4 were pool ed for ana lysis.  Lipid 

percentages in serum ranged from 0.025 to 0.74 with a mean of 0.25% and were not significantly 

different between euthyroid and hyperthyroid cats.  Spike and surrogate recoveries from adipose 

tissue w ere ex tremely variable w ith relative percent di fferences ( RPDs) of  59 and 58%, 

respectively.  This was attributed to sample heterogeneity. 

 

Table 2:  Range of total serum PBDEs in ng/g lipid with mean and median for total 

 client-owned cats, client-owned euthyroid, client-owned hyperthyroid, and 

feral cats. 

Group Range of total serum PBDEs Mean Median 

Total client-owned  

(n = 62) 

373-51,063 5,865 2,615 

Client-owned euthyroid 

(n = 21) 

467-15,949 5,263 2,851 

Client-owned hyperthyroid 

(n = 41) 

373-51,063 6,173 2,517 

Feral cats  

(n = 8) 

457-3,712 1,203 759 
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Total lipid-adjusted serum PBDE con centrations did not  di ffer s ignificantly between euthyroid 

and hyperthyroid groups.  Those of feral cats, however, were significantly lower than the client-

owned cats (p < 0.01) .  When the l ipid-adjusted serum PBDE con centrations were normalized 

with a log  tr ansformation, t here w as no correlation be tween t he l og of  t he t otal P BDE 

concentrations i n t he s erum w ith t he a ge of  c lient-owned c ats.  F igure 1 pl ots t hese va lues, 

distinguishing data points f rom euthyroid cats as “a” and those f rom h yperthyroid cats as “b.”  

The i nner ellipse e ncompasses t he c entral 50%  of t he da ta.  All da ta po ints c onsidered i n t he 

statistical comparison between euthyroid and hyperthyroid cats are within or on the outer ellipse.  

There are no out liers in this analysis, as designated by the lack of data points outside the outer 

ellipse. 

 

Figure 1:  Log ΣPBDEs (ng/g lipid) versus age in euthyroid (a) and hyperthyroid (b) 

                  cats. 
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The mean serum total PBDE concentration in cats with quantifiable TSH was 5,477 ng /g l ipid 

(range 800 -15,949; m edian 2,851 n g/g l ipid).  The m ean s erum t otal P BDE concentration i n 



 9 

euthyroid c ats w ith T SH c oncentrations be low t he de tection l imit w as 5100 ng /g l ipid ( range 

1,316-15,026 ng/g lipid; median 2,680 ng/g lipid).  There was no significant difference between 

the two groups. 

 

Client-owned cats ranged from 7.7 to 17 years of age.  Euthyroid cats had an average age of 13.0 

years, and hyperthyroid cats averaged 12.8 years.  No significant correlation was found between 

serum total PBDE concentrations and serum T4.  Among the serum samples, congeners 47, 99,  

153, 154, 183, a nd 209 predominated (Figure 2) .  T wo cats, both hyperthyroid, had extremely 

high serum BDE-209 concentrations which measured 14,837 a nd 48,783 ng /g lipid, equating to 

41.1 and 95.5%, respectively, of the total serum PBDEs.  Of all the congeners assayed, BDE-190 

was detected least often, with small amounts measured in just two cats. 

 

Figure 2:  Percent c omposition of  pr ominent P BDE c ongeners i n s erum of  client-owned 

euthyroid, client-owned hyperthyroid, and feral cats.  “Other” represents the sum  

 of the concentrations of minor PBDEs also identified in serum.                          
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Table 3:  Statistically significant results obtained from PBDE percent composition profiles of 

                feral and client-owned euthyroid and hyperthyroid cats (Figure 2). 

 

 

Parameter 

Study 

Group 

Statistical 

Relationship 

Study 

Group 

 

p Value 

Overall Profile Euthyroid Cats ≠ Feral Cats 0.03 

Overall Profile Hyperthyroid Cats ≠ Feral Cats 0.03 

BDE-153 Euthyroid Cats > Hyperthyroid Cats 0.049 

BDE-153 Feral Cats > Hyperthyroid Cats 0.04 

BDE-183 Feral Cats > Euthyroid Cats 0.0007 

BDE-183 Feral Cats > Hyperthyroid Cats 0.0006 

 

The overall congener profiles ( i.e. relative percentages among PBDEs detected in serum) were 

not significantly different between the client-owned hyperthyroid and euthyroid cats.  However, 

BDE-153 showed a m arginal but  significant difference between these groups (p = 0.049).  The 

euthyroid cats had 4.9% BDE-153 versus 2.6% in the hyperthyroid group.  The overall congener 

profile f or t he f eral cats di ffered s ignificantly between bot h t he e uthyroid ( p =  0.03 ) a nd 

hyperthyroid groups ( p = 0.03) .  Feral c ats ha d a  s ignificantly higher ( p =  0.0007)  p ercent 

composition of BDE-183 than euthyroid cats.  The percent compositions of both BDE-153 (p = 

0.04) and BDE-183 (p = 0.0006) were significantly higher in the feral group as compared with 

the hyperthyroid cats. 

 

The a verage r atio of  BDE-47 t o 99 i n c lient-owned c ats w as 0.74: 1.  Euthyroid c ats ha d a n 

average ratio of 0.80:1, and hyperthyroid cats had an average ratio of 0.71:1.  Feral cats had an 

average BDE-47 to 99 ratio of 0.70:1.  The ratio of BDE-209 to 183, the next higher brominated 

congener, w as c alculable f or j ust 5 s amples b ecause of  l ack o f de tection i n one  or  bot h 

parameters in most s tudy participants.  T he mean ratio of BDE-209 t o 183 w as 67.6: 1 w ith a  

wide range of 10.7:1 to 244:1.   

 

* 
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Adipose t issue was c ollected f rom j ust f ive ( 5) c ats, onl y one  of  w hich w as h yperthyroid 

(indicated by *).  Total adipose tissue PBDEs measured 79, 295, 417, 860 *, and 4753 ng/g lipid 

with a mean of 1,281 and a median of 417 ng/g lipid.  Lipid percentage ranged from 90 to 96% 

and was 93% for the sample from the hyperthyroid cat. 

 

PBDEs in canned food  

PBDEs w ere de tected in all 10 samples of  commercial ca nned cat f ood analyzed, and 

concentrations r anged f rom 0.42 t o 3.09 ng /g, u ncorrected f or l ipid, w ith a  m ean a nd m edian 

equal to 1.79 n g/g (Table 4).  Figure 3 s hows a cluster analysis of the PBDEs within the tested 

samples.  A  l esser di stance be tween foods i n the ana lysis i ndicates a  m ore s imilar P BDE 

congener profile.  This represented just a small number of commercial foods and only fish-based 

foods.  H owever, i t is interesting to note the relative clustering according to labeled content of 

fish, indicating that fish within a species are similarly burdened by specific congener profiles. 

 

Table 4:  Total PBDEs of 10 commercial canned cat foods. 

 

Brand of Commercial  

Canned Cat Food 

Total PBDEs 

 (ng/g wet weight) 

Fancy Feast Cod, Sole, & Shrimp Feast 3.09 

Meijer Main Choice Salmon Dinner 3.01 

Purina Friskies Pacific Salmon Dinner in Sauce 1.89 

9 Lives Ocean Whitefish Dinner #1 2.01 

9 Lives Ocean Whitefish Dinner #2 1.50 

Fancy Feast Ocean Whitefish & Tuna Feast 1.65 

Fancy Feast Trout Feast 1.90 

Purina Friskies Ocean Whitefish & Tuna Dinner 0.42 

Meijer Main Choice Ocean Whitefish & Tuna Dinner 0.75 

Fancy Feast Tuna & Gravy 1.69 
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Figure 3:  Cluster analysis of PBDE content of 10 commercial canned cat foods. 

 

 
 

Only one cat in the study ate dry food exclusively, and only one cat in the study ate canned food 

exclusively.  T he remainder at e a combination of the  tw o.  A ttempting to estimate r eal-world 

exposure of  the s tudy cats to PBDEs through client recollection of  specific foods fed over the 

lifetime of a cat and subsequent analysis of said foods would have been fraught with assumptions 

and pr ohibitively e xpensive, r espectively.  S ince t he P BDE l evels i n c anned f oods w ere 

comparatively low , since the  di ets a re not  ne cessarily ma de w ith ingredients f rom s ingle 

locations, and because we had a limited budget, further definition of which fish flavors revealed 

which l evels w as not  a  t op pr iority.  H owever, t he c ontribution of  di etary PBDEs t o t he t otal 

body bur dens i n dom estic c ats w as e stimated us ing t wo m ethods of  c alculation ( see PBDE 

exposure calculations below).  

 

PBDEs in dust  

A tot al of  1 9 s amples of dus t w ere r eceived, including t wo f rom one  hous ehold s ubmitted 

independently f or each of t wo c ats i ncluded i n t he s tudy, and one  t hat r epresented t he s ole 

sample f or t hree cat s s haring t he s ame r esidence.  In calculations of  mean and median, the 

analytical results for the latter cats were t riplicated to reflect this representation.  The range of  
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total PBDEs measured in dust was 510-95,448 ng/g with a mean of 8,098 ng/g and a median of 

1,959 ng/g.  The range for total PBDE concentrations in dust for euthyroid cats (n=14) was 510-

4,911 ng/g with a mean of 1,698 n g/g and a median of 1,489 ng/g.  In the dust from homes of 

hyperthyroid c ats ( n=7), t otal P BDE c oncentrations r anged f rom 1,060 t o 95,448 ng /g, w ith a  

mean of  19,372 n g/g and a median of  3,137 n g/g.  A  log (log) t ransformation of  the dust data 

revealed a  s ignificant e levation ( p =  0.01 ) i n the t otal P BDE c oncentration of  dus t f rom 

‘hyperthyroid’ ve rsus ‘euthyroid’ hom es.  Figure 4 s hows t heoretical distributions of  t hese 

differences cal culated f rom these da ta.  The s ignificant e levation of  t otal PBDEs in dus t f rom 

hyperthyroid homes was retained after removal of the highest value (95,448 ppb) from the data 

set of the dust from hyperthyroid homes (p = 0.04).  Figure 5 provides a further graphic depiction 

of the significant difference between PBDEs in dust from homes of cats that were hyperthyroid 

versus euthyroid. 

 

Figure 4:  Theoretical distributions of dust concentrations in homes of euthyroid 

                  versus hyperthyroid cats.  Count (y-axis) represents numbers of cats, and 

                  x-axis is the log (log) of dust total PBDE concentration. 
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Dust s amples f or t hree ca ts, a ll h yperthyroid, h ad s urrogate B DE-209R r ecoveries w ell a bove 

100%.  T hese s ame s amples al l ha d extreme l evels of  m easured BDE-209 m easuring 14,000 , 

9,000, a nd 36,000 n g/g.  R espectively, s urrogate B DE-209R r ecoveries w ere 334,  320, a nd 

150%.  T he B DE-209 values w ere c orrected dow nward b y t he pe rcent r ecoveries of  t he 

surrogates but, as such, are suspected to be an underrepresentation of the actual BDE-209 content 

of the dust.  Since the BDE-209R internal standard was added pre-extraction, additional samples 

were not  ava ilable for re-examination. An explanation proposed by the project chemist for the 

high surrogate recoveries from these samples is that the extreme BDE-209 and “spillover” to the 

later r etention time of  BDE-209R ove rwhelmed t he de tector ( John Scott, W MRC, pe rsonal 

communication).  Furthermore, t his “spillover” of B DE-209 was de tected as BDE-209R, t he 

percent recovery of which became falsely el evated.  When correcting BDE-209 results for the 

falsely elevated recovery of BDE-209R, the BDE-209 results were decreased erroneously.  If this 

explanation is accurate, the measured BDE-209 and after correction for surrogate recovery is an 

underestimate of  t he t rue a mount i n t he s ample.  T hus, t he di fference be tween dus t f rom 

euthyroid and hyperthyroid cats could be even greater if the BDE-209 could be more accurately 

assessed.   

 

PBDEs in serum versus dust 

The s um of  P BDEs i n s erum w as not  s ignificantly correlated w ith t he s um of  P BDEs i n dus t 

samples.  C omparisons of  P BDEs i n s erum and dus t b y c ongener w ere limite d by the  s mall 

number of  c ats f or w hich e ach s ample w as c ollected a nd f urther c ompromised b y i nability t o 

normalize t he da ta due  to unde tected c ongeners.  F igure 5 de picts t he s um of  l ipid-adjusted 

PBDEs i n s erum, s um of  P BDEs i n dus t, a nd t he T 4 for ea ch cat w ith all da ta poi nts.  E ach 

variable was standardized to its own mean and plotted according to its variance from that mean 

(vertical dotted line, as viewed) so that the three variables could be graphically compared to each 

other.  E uthyroid and hyperthyroid cats ar e d esignated and separated g raphically b y t he 

horizontal dotted line.  
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PBDE exposure calculations 

Forward calculation of PBDE intake by domestic cats equated to 375 ng PBDEs/kg/day (range of 

32-3906 ng/kg/day).  B ackward calculation of  PBDE intake by domestic cats equated to 1,038 

ng/kg/day (range of 66-9,038 ng/kg/day).  

 

Client questionnaires 

A t otal of  19 c lient que stionnaires w ere c ompleted ( n =  9, h yperthyroid; n =  10, e uthyroid).  

Associations i nvestigated i ncluded pe rcentage o f t ime i ndoors, num ber of  c ats i n t he hom e, 

number of  l itter box es, percentage of  c anned f ood i n di et, num ber of  t elevisions i n t he home, 

number of  c omputers i n t he hom e, a nd f requency of va cuuming.  N one of  t he factors ha d 

significantly different distributions between the euthyroid and hyperthyroid groups. 

 

Conclusions 

This s tudy served as a p ilot investigation into the role of  PBDEs in the development of  f eline 

thyroid adenomas and associated hyperthyroidism.  We have documented that domestic cats are 

highly-exposed t o P BDEs, a nd our  da ta s trongly suggest t hat t he m ain s ource i s i ngestion of  

household dust.  Given that our study sampled a small number of canned cat foods, however, we 

recommend an exhaustive analysis of  t he wide array of both canned and dr y c at foods on t he 

market t o f urther d efine t he c ontribution of  di etary P BDEs t o t otal bod y burdens i n dom estic 

cats.  Such a study will be expensive and will need to be repeated over time, as sources of food 

ingredients and concentrations of contaminants that reach those foodstuffs are in flux. 

 

Our study did not support a difference in contaminant load between client-owned domestic cats 

that w ere euthyroid and hyperthyroid or a co rrelation between T 4 and PBDEs i n s erum.  

However, our  findings d o not  r ule out  P BDEs a s a n e tiologic f actor for F H.  T he finding o f 

significantly increased total PBDEs in dust from homes with hyperthyroid cats compels further 

study.  We also add to the literature the fact that elevated TSH was not detected as hypothesized, 

but instead TSH was potentially decreased in response to PBDEs, although the insensitivity of  

the as say b elow t he c urrent de tection l imit pr ecludes de finitive c onclusions.  A mong c lient-

owned cats in this study (≥ 7 years), age was not correlated with serum PBDE burdens.  With the 

exception of BDE-153, congener profiles of  euthyroid and hyperthyroid cats were comparable.  
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Feral cat s w ere bur dened with significantly l ower P BDE concentrations i n serum tha n client-

owned c ats, a  di fference l ikely t o be  a ttributable t o a ge, di et, a nd e nvironment.  T he ove rall 

congener pr ofile of  f eral c ats di ffered s ignificantly from client-owned c ats, s uggesting 

differences in exposure. 

 

Domestic cat s m ay v ery w ell be  t he p roverbial ‘canary i n the coal m ine’ f or P BDE-induced 

disease.  S pecies di fferences not withstanding, with a n a verage l ifespan of  15 years a nd a n 

existence e ven m ore restricted t o t he hom e e nvironment t han m ost c at owners, dom estic c ats 

may s erve as  s entinels for  P BDE-induced geriatric di sease i n hum ans who ha ve onl y be en 

exposed to PBDEs for half of a lifetime to date.  Further studies are necessary to define the role 

of PBDEs in the development of FH.  These research data may arm us against an unnecessarily 

prolonged legacy of a PBDE-contaminated world. 

 

[The above report is based on the research described in greater detail in: 
Mensching D  ( 2008).  The F eline T hyroid Gland:  A  M odel f or E ndocrine D isruption b y 
Polybrominated Diphenyl Ethers?  Master’s Thesis, University of Illinois at Urbana-Champaign, 
Spring 2008.]  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Correspondence may be addressed to the author at: Dr. Donna Mensching,  
Senior Toxicologist, ASPCA Animal Poison Control Center, 1717 South Philo Road, Urbana, IL 
61801;  email address:  dampaddler@msn.com. 
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