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Why	  are	  PCBs	  a	  Concern?	  
•  EPA	  :	  PCBs	  &	  Adverse	  Health	  Effects	  

–  Mortality	  at	  high	  exposure	  levels	  
–  Carcinogenicity	  
–  Impaired	  immune	  response	  funcOon	  
–  Impaired	  reproducOve	  fitness	  
–  Impaired	  nervous	  system	  funcOon	  
–  Endocrine	  disrupOon	  
–  Possible	  cardiovascular	  impairment	  
–  Prenatal	  development	  not	  well	  

understood	  
	  

•  PCBs	  banned	  from	  manufacture,	  
processing,	  distribuOon	  in	  1979	  

•  1980:	  EPA	  established	  the	  
Comprehensive	  Environmental	  
Response	  and	  Liability	  Act	  (CERCLA)	  
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Assessing	  PotenOal	  Adverse	  Effects	  

•  Understand	  the	  dynamics	  of	  the	  ecology	  and	  
specifically	  the	  habitat	  and	  needs	  of	  selected	  
species—use	  senOnel	  species	  if	  possible	  

•  ComparaOve	  laboratory	  trials	  under	  controlled	  
condiOons	  to	  reveal	  mechanisms	  and	  impact	  

•  	  study	  specific	  impacts,	  in	  this	  study—effects	  
on	  cardiac	  development	  



PCB mixtures:   
•  Based on profile of PCBs measured in spotted 

sandpiper or tree swallow eggs collected at the Upper 
Hudson River, NY in 2004 (N=3) 
–  58 or 64 different congeners in injection mixture  

•  49 of highest ranked congeners on a mass basis; 
represented 95% of the total PCB content in the 
sandpiper eggs on a mass basis 

•  9 dioxin-like PCBs added because of 
toxicological importance  

•  All congeners in mixture at relative proportion to 
levels in sandpiper egg sample 

•  Excluded non dioxin-like congeners that 
cumulatively constituted <5% of the mass 



Studies	  Assessing	  the	  Cardiovascular	  System	  

•  Wildlife	  studies	  (DeWi[	  et	  al.,	  2006)	  

–  Limited	  number	  of	  studies	  	  
–  Large	  sample	  sizes	  needed	  
– Variability	  in	  age	  

•  Laboratory	  studies	  	  
	  (Walker	  &	  Catron,	  2000;	  Henshel	  &	  Sparks,	  2006;	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Kopf	  &	  Walker,	  2009)	  

– Only	  studied	  most	  biologically	  toxic	  
PCB	  congeners	  

– No	  PCB	  mixtures	  studied	  
–  Sampling	  did	  not	  address	  
ventricular	  wall	  thinning	  
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•  IntroducOon	  
•  Experiment	  1	  

– The	  effects	  of	  a	  58	  congener	  PCB	  mixture	  on	  
cardiac	  development	  following	  in	  ovo	  exposure	  in	  
the	  domesOc	  chick	  hatchling	  

•  Experiment	  2	  
– The	  effects	  of	  a	  58	  congener	  PCB	  mixture	  on	  
cardiac	  development,	  at	  criOcal	  stages	  of	  
embryonic	  heart	  formaOon,	  following	  in	  ovo	  
exposure	  in	  the	  domesOc	  chick	  



Exp	  1:	  Materials	  &	  Methods	  

–  58	  PCB	  congeners	  mixed	  in	  proporOon	  
to	  Upper	  Hudson	  River	  egg	  
contaminant	  analysis	  

•  Solubilized	  in	  corn	  oil	  vehicle	  
–  Injected	  at	  embryonic	  day	  (ED)	  0	  into	  
albumen	  

–  Treatments:	  untreated,	  sham,	  0.00,	  
0.03,	  0.08,	  0.30,	  0.50,	  0.70,	  and	   	  
µg/g	  egg	  wt	  

•  TEQ:	  	  0.004-‐0.266	  ng/g	  	  
–  Sample	  size	  per	  treatment	  (n=20)	  
– Monitored	  heart	  rate	  at	  intervals	  
throughout	  incubaOon	  

•  Avian	  buddy	  apparatus	  



Exp	  1:	  Materials	  &	  Methods	  

– Hearts	  collected	  at	  hatch,	  hearts	  
analyzed	  for	  cardiomyopathies	  using	  
histology	  techniques	  

•  Analysis	  performed	  at	  4	  morphological	  
layers	  

–  StaOsOcal	  analysis	  
•  InferOle	  eggs	  removed	  from	  analysis	  
•  Hatch	  success	  &	  heart	  rate	  

–  Tukey’s	  post-‐hoc	  significance	  criteria:	  p<0.05	  
•  Cardiomyopathies	  &	  Compact	  Layer	  
Presence:	  subset	  of	  samples	  (n=5	  PCB	  
treatments;	  n=10	  untreated/baseline)	  

–  Cardiomyopathies:	  Chi	  sq	  analysis	  
–  Compact	  layer	  scoring:	  3	  layers	  of	  heart	  	  

•  (Tukey’s	  post-‐hoc	  significance	  criteria:	  
p<0.05)	  



Heart	  Effects	  of	  PCB	  Mix:	  	  
	  

From Carro et al., 2012 dissertation 
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Exp	  1:	  Results	  –	  Most	  Common	  Abnormality	  IdenOfied	  
was	  Non-‐CompacOon	  of	  the	  Ventricular	  Wall	  
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†: Tukey’s post-hoc 
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Percent	  of	  Tree	  swallow	  hatchling	  hearts	  with	  Compact	  Layer	  

absences	  following	  in	  ovo	  exposure	  to	  PCB	  77.	  
	  
	  

Chi square (p<0.001)  



Early	  Embryo	  Experiment	  (Exp.	  2):	  	  
Materials	  &	  Methods	  
–  Previous	  PCB	  mix	  used	  at	  two	  
dose	  concentraOons	  

•  Criteria:	  	  above/below	  LD50	  &	  LOAEL	  
–  Treatments:	  untreated,	  0.00,	  
0.08,	  and	  0.50	  µg/g	  egg	  wt	  

–  Sample	  size	  (n=40)	  
–  Increased	  (n)	  compared	  to	  hatchling	  
study	  

–  CollecOons	  at	  three	  stages	  (HH)	  
•  HH10:	  heart	  tube	  formaOon	  
•  HH16:	  heart	  looping	  &	  A/V	  
differenOaOon	  

•  HH20:	  ProliferaOon	  and	  further	  A/V	  
differenOaOon	  



Methods	  conOnued	  
–  Hearts	  analyzed	  for	  cardiomyopathies	  (w.m./

secOons)	  &	  immunohistochemistry	  of	  two	  
proteins	  

•  Ventricular	  myosin	  heavy	  chain	  (VMHC)	  ~220	  kDa	  
•  TiOn	  (Connexin	  in	  mammals)	  ~	  3,000	  kDa	  
•  (10	  samples	  per	  protein	  harvested)	  

–  Morphological	  measurements,	  proliferaOon	  
immunohistochemistry	  (phospho-‐histone-‐H3),	  
apoptosis	  assay	  performed	  on	  secOons	  

–  StaOsOcal	  Analysis:	  
•  Untreated	  and	  Vehicle	  combined	  as	  control	  group	  

(did	  not	  differ)	  
•  One	  way	  ANOVA,	  Tukey’s	  post-‐hoc	  test	  uOlized	  for	  

analysis	  (significance	  criteria	  p<0.05)	  
–  Hatch	  success/cardiomyopathy	  analysis	  used	  complete	  

sample	  set	  
–  Molecular	  assays	  (n≥7	  embryos)	  	  

•  Apoptosis	  assay	  (n≥4	  embryos)	  
•  SecOons	  analyzed	  across	  serial	  cross-‐secOons	  (≥8)	  

	  
	  



†:  Tukey’s post-hoc p<0.05 
‡: Tukey’s post-hoc p<0.05 
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Exp	  2:	  Results	  
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Exp	  2:	  Results	  
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Exp	  2:	  Results	  

VMHC Whole-mount Immunohistochemistry at HH10 shows 
Cardiomyopathies in Embryos Exposed to the PCB mix (NSD) 
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Exp	  2:	  Results	  
VMHC and pHH3 Immunohistochemistry of Heart Sections at HH10 
shows Cardiomyopathies in Embryos Exposed to the PCB mix (NSD) 
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Exp	  2:	  Results	  

Control 0.08 0.50 

VMHC Whole-mount Immunohistochemistry at HH16 shows 
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Exp	  2:	  Results	  
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Exp	  2:	  Results	  

VMHC Whole-mount Immunohistochemistry at HH20 shows 
Cardiomyopathies in Embryos Exposed to the PCB mix (0.08 µg/g egg 
wt SD) 
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Exp	  2:	  Results	  
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