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Mass	
  mortaliFes	
  at	
  Peru,	
  Spring	
  of	
  2012	


Feb.,	
  Stranding	
  of	
  dolphins	
  	
  
　→　>	
  900	
  individuals	
  
	
  
…have	
  no	
  known	
  cause	


Apr.,	
  Sea	
  birds	
  (Pelicans,	
  
gannets	
  etc.）	
  
　→　>5,000	
  individuals	
  
May　(Chile,	
  neighboring	
  
country)	
  Pelicans→　2,300	
  
	
  
Rising	
  water	
  temperatures	
  
→migraFon	
  of	
  fishes	
  
(diets)→starvaFon	




From	
  2011〜(case	
  of	
  late)	

2011	
  
Feb.　New	
  Zealand：	
  Pilot	
  whale　→　n=107	
  
Mar.　Japan（Ibaraki）：Melon-­‐heated	
  whale　→　n=52	
  
　　　Australia（Tasmania）：Pilot	
  whale　→　n=32	
  
May　Scotland：Pilot	
  whale　→　n=100	
  
Nov.　Australia：Sperm	
  whale・Pilot	
  whale　→　n=20＋61	
  
2012	
  
Winter　Japan（Saga）：Pen	
  shell	
  
Jan.　Norway：Marine	
  fishes　→　n=20t	
  
　　　USA：	
  Terrestrial	
  birds　→n=	
  several	
  hundred	
  
Apr.　China：Finless	
  porpoise　→　n=20+15／300，800	
  
　　　Japan（Wakayama）Eel・carp　→　n=65	
  
　　　Thailand：Storks　→　n=several	
  thousand	
  
May　Japan（Tocori）：Carp　→　n=2,000　（Mie）eel	
  etc.→　1,000	
  
　　　	
  Germany：Fresh	
  water	
  fishes　→　n=500	
  



Mass	
  mortaliFes	
  of	
  seals	
  came	
  back	
  at	
  North	
  Sea	

May(2002):	
  outbreak	
  “mass	
  death”	
  of	
  harbor	
  seals（Phoca	
  vitulina）	
  

　At	
  first,	
  large	
  number	
  of	
  seal’s	
  bodies	
  were	
  found	
  on	
  eastern	
  part	
  of	
  Denmark.	
  

　Same	
  phenomenon	
  were	
  expanded	
  to	
  wide	
  area	
  of	
  European	
  countries	
  
(Sweden,	
  Holland	
  and	
  UK)	
  

　EsFmated	
  number	
  of	
  bodies:	
  ca.	
  20,0000	
  (ca.	
  2,000	
  individuals	
  were	
  found	
  at	
  
only	
  coastal	
  area	
  of	
  Holland	
  as	
  50	
  %	
  of	
  populaFon	
  of	
  this	
  area)	
  

	
  

Apr.	
  (1988)　One	
  student	
  found	
  a	
  body	
  of	
  fetus	
  of	
  harbor	
  seal.	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Only	
  three	
  weeks	
  from	
  this,	
  40	
  bodies	
  of	
  fetus	
  and	
  pup	
  were	
  stranded	
  	
  

　　　　→Sweden（May）→Holland（Jun）→W.	
  Germany	
  →	
  UK（Sep.）	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  17,936	
  bodies	
  were	
  found	
  unFl	
  on	
  end	
  of	
  Oct.	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (Number	
  of	
  seals	
  reached	
  to	
  18,000	
  unFl	
  1989)	
  
From Baltic Sea, Gulf	
  of	
  Bosnia	
  to	
  Irish	
  Sea	




Shearwaters,	
  auks,	
  etc.	
  →　in	
  a	
  cycle？	


1922　Streaked Shearwater（Japan Sea）	


1993　Common Murre　n=>100,000（Alaska）	


1996　Pelican n=9667（California）・Short-tailed Shearwater（Japan）	


1997　Short-tailed Shearwater（Alaska 〜 California）	


　　　　　　Seabirds n=1300（Japan Sea ← the Nakhodka	
  Accident）	


1999　Rhinoceros Auklet >10,000（Hokkaido）・Cormorant（Saitama）	


2000　Sooty Shearwater（Hokkaido）	


2001　Streaked Shearwater（Japan Sea）・Murres（Aomori）	


2005　Brandt‘s Cormorant（West USA）・Mallard n=215（Chile）	


2006　Brünnich‘s Guillemot、Crested Auklet >5,000（Hokkaido）	


　”The sea plays a final sink of all chemicals discharged by man”	


Common	
  Murre	


Streaked	
  Shearwater	


Short-­‐tailed	
  Shearwater	


Mass	
  death	
  of	
  seabirds	




Mass	
  death	
  of	
  fishes	

2002　Japan（Japanese	
  trout・crucian）	
  

2003　Japan（Epidemic	
  “koi	
  herpes	
  virus”）	
  

2004　Japan（Great	
  amberjack）	
  

2005　Japan（Carp・crucian）	
  

2006　China・Japan（Crucian	
  etc.）	
  

2007　Thailand・Japan（Crucian）	
  

・・・・・・・・	
  

China	
  

2005：Jilin,	
  08：Shandong、09：Henan、11：Fujian、12：Shandong	
  
Province	
  etc.　←Explosion,	
  leakage	
  and	
  polluFon	
  by	
  chemical	
  plants	
  



Cause	
  of	
  Mass	
  death	
  of	
  birds	


・Large	
  scale	
  

Type	
  “seabirds”	
  

	
  

・Small	
  scale	
  

Type	
  “terrestrial”	


Climate（direct/indirect）	
  

DepleFon	
  of	
  diets	
  

Bacteria（produced	
  toxin）	
  

InfecFon	
  

	
  

PolluFon（toxic	
  chemicals）	
  

	
  Accident（oil	
  spil）	
  

DerelicFon	
  of	
  fish	
  nets	
  

Crime（pesFcide,	
  agents）	


Anthro
pogenic	


Natural	


Bohemian	
  Waxwing	

Red-­‐necked	
  phalarope	




１．PolluFon（Hazardous	
  chemical,	
  wastewater）	
  
	
  
２．InfecFon（Herpes	
  virus	
  etc.）	
  
	
  
３．Climate	
  condiFon	
  (Temperature,	
  oxygen	
  
deficiency)	


Cause	
  of	
  Mass	
  death	
  of	
  fishes	




Three	
  major	
  reasons	


• InfecFon	
  

• Climate	
  condiFon	
  

• Pollutant	




As	
  a	
  warning	
  sign	
  of	
  crisis	


・Mineral	
  poison	
  by	
  Ashio	
  copper	
  mine	
  

	
  →	
  Freshwater	
  fishes	
  (Ayu:	
  Japanese	
  trout)	
  

・Itai-­‐itai	
  disease→Freshwater	
  fishes	
  (Ayu)	
  

・Minamata	
  disease→Fishes→birds→cats	
  

・The	
  Yusho	
  incident→	
  Chickens	
  

・”Melamine”	
  (China)	
  →	
  Pet	
  animals	




Biological	
  (toxicological)	
  effect	
  of	
  
hazardous	
  chemicals	


•  General	
  informaFon	
  of	
  disposiFon	
  (ADME)	
  of	
  
chemicals	
  

•  Basic	
  mechanisms	
  of	
  toxiciFes	
  
•  IntroducFon	
  of	
  case	
  of	
  EDCs	
  as	
  toxic	
  effects	
  
mediated	
  nuclear	
  receptor	
  (NR)	




AbsorpFon	


Step１：Delivery（Exposure	
  site	
  to	
  target	
  site）	


Step2：Interac7on	
  with	
  target	
  molecule	


Step3：Cellular	
  dysfunc7on,	
  injury	
  

Step4：Repair	
  and	
  &	
  repair	
  deficiency	


Whole	
  body	

→EliminaFon	
 →EliminaFon	


ExcreFon・	
  
reabsorpFon	


Target	
  Fssue	


ToxicaFon	
  or	
  	
  
・detoxicaFon	


Acributes	
  of	
  target	


Effects	
  to	
  target	
  molecule	


ReacFon	
  types	


AlteraFon	
  of	
  biological	
  environment	


Damage	
  of	
  cell	
  regula7on	
  (signaling)	


Toxic	
  changes	
  at	
  cell	
  maintenance	


Repair	
  of	
  	
  
molecule	


Repair	
  of	
  	
  
cell	


Repair	
  of	
  	
  
7ssue	


Repair	
  deficiency	


ToxiciFes	
  from	
  repair	
  deficiency	


Toxicity	


DisposiFon	
  (AbsorpFon,	
  DistribuFon,	
  Metabolism	
  &	
  ExcreFon)	
  of	
  chemicals	
  

or	


Tumor	




Death	


Organ	
  toxicity・funcFonal	
  toxicity	


Cell	
  death	
  
↑	
  

Cytotoxicity	


DysfuncFon	
  
（e.g.	
  protein	
  synthesis,	
  energy	
  metabolism	
  &	
  enzymic	
  acFvity）	


Changes	
  in	
  a	
  structure	
  
（Cell	
  membrane	
  &	
  organelle）	


ReacFon	
  at	
  atomic	
  and	
  electron	
  level（oxidaFve	
  damage,	
  covalent	
  bond・dehydrogenaFon）	


Disorder	
  at	
  molecule	
  level	
  
（Replace	
  of	
  acFve	
  center	
  of	
  enzymes,	
  
Disorder	
  of	
  ion	
  channel,	
  DNA-­‐cleaving,	
  

Disorder	
  of	
  Na	
  pump	
  etc.）	


Conceptual	
  diagram	
  of	
  toxic	
  mechanism	
  using	
  layered	
  structure	
  of	
  animal	
  body	


Toxic	
  
Chemicals	




NOEL ED50  
of A  

A 

B 

ED50  
of B 

Dose	


R
e

sp
o

n
se

  (
%

) 

All	
  things	
  are	
  poison,	
  and	
  nothing	
  is	
  
without	
  poison;	
  only	
  the	
  dose	
  
permits	
  something	
  not	
  to	
  be	
  
poisonous.	
  By	
  Paracelsus	


（Chemical	
  B	
  has	
  a	
  NOEL	
  that	
  is	
  	
  no-­‐observed	
  
effect	
  level）	


Basic	
  concept	
  	
  
of	
  toxicology	


Dose-­‐response	
  relaFonship	
  
of	
  chemicals	
  A	
  &	
  B	


Chemical A don’t have a threshold 
Chemical B have a threshold	




What	
  are	
  Endocrine	
  disruptor	
  compounds	
  ?	


• They	
  are	
  chemicals	
  that	
  interfere	
  with	
  endocrine	
  (or	
  
hormone	
  system)	
  in	
  animals,	
  including	
  humans.	
  
• 	
  They	
  are	
  known	
  to	
  cause	
  learning	
  disabiliFes,	
  severe	
  
acenFon	
  deficit	
  disorder,	
  cogniFve	
  and	
  brain	
  
development	
  problems,	
  deformaFons	
  of	
  the	
  body	
  
(including	
  limbs);	
  sexual	
  development	
  problems,	
  
feminizing	
  of	
  males	
  or	
  masculine	
  effects	
  on	
  females,	
  etc.	
  
• Endocrine	
  disruptors	
  are	
  substances	
  that	
  "interfere	
  
with	
  the	
  synthesis,	
  secreFon,	
  transport,	
  binding,	
  acFon,	
  
or	
  eliminaFon	
  of	
  natural	
  hormones	
  in	
  the	
  body	
  that	
  are	
  
responsible	
  for	
  development,	
  behavior,	
  ferFlity,	
  and	
  
maintenance	
  of	
  homeostasis	
  (Crisp	
  et	
  al.,	
  1998)."	
  	
  	




	
In	
  the	
  first	
  place,	
  “What	
  is	
  Hormone	
  ?”	


• Origin	
  of	
  a	
  word：from	
  Greek	
  “Horman”	
  means	
  impetus	
  
• This	
  is	
  a	
  chemical	
  released	
  by	
  a	
  cell	
  or	
  a	
  gland	
  in	
  one	
  part	
  of	
  the	
  
body	
  that	
  sends	
  out	
  messages	
  that	
  affect	
  cells	
  in	
  other	
  parts	
  of	
  
the	
  organism.	
  	
  
• Only	
  a	
  small	
  amount	
  of	
  hormone	
  is	
  required	
  to	
  alter	
  cell	
  
metabolism.	
  In	
  essence,	
  it	
  is	
  a	
  chemical	
  messenger	
  that	
  
transports	
  a	
  signal	
  from	
  one	
  cell	
  to	
  another.	
  	
  
• Cells	
  respond	
  to	
  a	
  hormone	
  when	
  they	
  express	
  a	
  specific	
  
receptor	
  for	
  that	
  hormone.	
  	
  
• The	
  hormone	
  binds	
  to	
  the	
  receptor	
  protein,	
  resulFng	
  in	
  the	
  
acFvaFon	
  of	
  a	
  signal	
  transducFon	
  mechanism	
  that	
  ulFmately	
  
leads	
  to	
  cell	
  type-­‐specific	
  responses.	
  



Nucleus	


Cell	


Estrogen（female	
  hormone）	
 EDCs	
  
（BPA,	
  NP,	
  	
  
DDT	
  etc.）	


ER	
  

DNA	
  

RNA	
  (TranscripFon)	
  

Protein	
  synthesis	

ER（Estrogen	
  receptor）：when	
  
they	
  combine	
  estrogen,	
  DNA	
  
becomes	
  acFve	
  and	
  proteins	
  are	
  
synthesized	


EDCｓ	
  combine	
  ER	
  
→　Estrogen-­‐like	
  
　　	
  acFon	


Estrogen	
  agonist	
  
↓	
  

from	
  male	
  to	
  female	


Mechanism	
  of	
  EDCs	
  (Estrogen-­‐like	
  compounds)	




Nucleus	


Cell	


Androgen（male	
  hormone）	

EDCs	
  
（DDF，
vinclozolin	
  etc.）	


AR	
  

DNA	
  

RNA	
  (transcripFonal	
  repression)	
  

InhibiFon	
  of	
  protein	
  synthesis	
AR（Androgen	
  receptor）：
when	
  they	
  combine	
  
androgen,	
  DNA	
  becomes	
  
acFve	


EEDｓ	
  combine	
  AR,	
  
→	
  block	
  
combina7on	
  of	
  
androgen	
  with	
  AR,	
  
as	
  a	
  result,	
  they	
  
inhibit	
  androgen’s	
  
ac7on.	


Antagonism	


×	
  

×	
  

×	
  

Androgen	
  
antagonist	
  

↓	
  
from	
  male	
  to	
  female	


Mechanism	
  of	
  EDCs	
  (Androgen-­‐like	
  compounds)	




Target	
  genes	
  mediated	
  by	
  estrogenic	
  acFvity	
  &	
  receptor	
  	


Target	
  gene	


RNA	
  polymeraseⅡ	
  

+1	
  

TATA	
  

-­‐30	
  

Histone	
  
ER	
  

DBD	
  

ERE	
  

LBD	
   LBD	
  

DBD	
  

coacFvator	
  

DNA	
  

Upper	
  	
  
stream	


Basal	
  transcripFon	
  factor	
  
Estrogen	




Ligand-­‐receptor-­‐CYPs	
  

X,	
  E	
  

X,	
  E	
  

XO,	
  EO	
  

CYP	
  genes	
  

Receptors	
  

Other	
  genes	
  

X:	
  xenobioFc	
  

E:	
  exo,endo-­‐genous	
  

①	
  
②	
  

③	
  

Adding	
  Oxygen/
excreFon	


④	
  
But,	
  some	
  of	
  
them	
  repeat	
  
again	
  …	


⑤	
   Induce	
  “abnormal”	
  gene	
  expression	

e.g.	
  Dioxins	
  acFvate	
  receptors,	
  
however,	
  are	
  not	
  revealed	
  CYPs	
  



CYP	
  superfamily	
   39	
  	
  	
  	
  	
  A	
  

8	
  	
  	
  	
  	
  	
  	
  A,	
  B	
  

7	
  	
  	
  	
  	
  	
  	
  A,	
  B	
  

46	
  	
  	
  	
  	
  A	
  

20	
  	
  	
  	
  	
  A	
  

51	
  	
  	
  	
  	
  A	
  

26	
  	
  	
  	
  	
  A,	
  B,	
  C	
  

19	
  	
  	
  	
  	
  A	
  

27	
  	
  	
  	
  	
  A,	
  B,	
  C	
  

24	
  	
  	
  	
  	
  A	
  

11	
  	
  	
  	
  	
  A,	
  B	
  

4	
  	
  	
  	
  	
  	
  	
  A,B,F,V,X,Z	
  

5	
  	
  	
  	
  	
  	
  	
  A	
  

3	
  	
  	
  	
  	
  	
  	
  A	
  

21	
  	
  	
  	
  	
  A	
  

17	
  	
  	
  	
  	
  A	
  

2	
  A,B,C,D,E,F,J,R,S,U,W	
  

1　	
  	
  	
  	
  A,	
  B	
  

・Monooxygenase	
  (enzyme)	
  

The	
  funcFon	
  is	
  to	
  catalyze	
  the	
  oxidaFon	
  
of	
  organic	
  substances.	
  The	
  substrates	
  of	
  
them	
  include	
  metabolic	
  intermediates	
  
such	
  as	
  lipids	
  and	
  steroidal	
  hormones,	
  
as	
  well	
  as	
  xenobioFc	
  substances	
  such	
  as	
  
drugs,	
  pollutants	
  and	
  carcinogen.	
  

・They	
  respond	
  to	
  endogenous/
exogenous	
  signal	
  relaFng	
  to	
  changes	
  of	
  
gene	
  expression.	
  

・Their	
  transcripFon	
  regulaFons	
  are	
  
through	
  ligand-­‐dependent	
  nuclear	
  
receptor.	
  

Family　	
  Sub-­‐family	
  



CYP	
  catalyFc	
  cycle	


Fe3+	
  

(RH)Fe3+	
  

(RH)Fe2+	
  

(RH)Fe2+(02)	
  (RH)Fe3+(O2
2-­‐)	
  

(RH)(Fe-­‐O)3+	
  

(R-­‐)(Fe-­‐OH)3+	
  

1	
  

2	
  

3	
  

4	
  

7	
  

6	
  

5	
  

RH：substrate（start）	


e-­‐	
  

O2	
  

e-­‐	
  
H+	
  

2H+	
  

H2O	
  

ROH	
  

(RH)Fe3+(O2
-­‐・)	
  

ReducFon	


Enzyme	
  	
  takes	
  
a	
  electron	


Bonding	


Receiving	
  one	
  more	
  electron	


Fe2+OOH2	
  

Complex	
  with	
  (FeO)3+	


（goal）Substrate	
  gets	
  a	
  Oxygen：	

Adding	
  hydroxyl	
  group	
  →	
  polarity↑　
→	
  excreFon	
  



Ligand,	
  receptor	
  and	
  substance	
  relaFng	
  with	
  CYP	


CYP Receptor	
 Exogenous ligand	
 Endogenous ligand	
 Endogenous 
substance	


1A AhR Dioxin 
Coplanar PCB 
PAH 

？	
 Estrogen 
Retinoid	


2B CAR Non-coplanar PCB 
DDT 
Phenobarbital 
TCPOBOP 

Androgen 
Estrogen 
Progesterone	


Androgen 
Estrogen	


3A PXR 
(SXR) 

Dexamethasone 
Rifampicin	


Progesterone 
Carotenoid	


Androgen 
Corticoid	


4A PPAR Phthalate ester	
 Fatty acid 
Eicosanoid	


Fatty acid 



InducFon	
  mediated	
  by	
  AhR*→development	
  of	
  toxicity	


DIOXINs	
  etc.	


AhR	
  

*Aryl	
  hydrocarbon	
  receptor	
  

Dimer	


DRE***	
  

m-­‐RNA	
  

AhRR	
  

CYP1A/1B	
  
&	
  other	
  Proteins	


Nucleus	


Arnt**	
  

・Metabolism	
  of	
  
estrogen	
  &	
  reFnoid	
  
・OxidaFve	
  stress	
  
・Metabolic	
  acFvaFon	
  
e.g.	
  toxificaFon	
  of	
  
benzpyrene	


**Nuclear	
  transporter	
  
***Dioxin	
  responsive	
  elements	
  

・Immunologic	
  inhibiFon	
  
・MalformaFon	
  generaFon	
  
・Tumor	
  promoFon	
  
・Disturbance	
  signal	
  
・Cell	
  growth	
  inhibiFon	


cytoplasm	




Mechanism	
  mediated	
  by	
  CAR*	

*ConsFtuFve	
  Androstane	
  /AcFve	
  Receptor	
  
	
  relaFng	
  with	
  CYP2B,	
  2C	
  &	
  3A（DDTs	
  &	
  coplanar	
  PCB）	


Cytoplasm	
  

Ligand	


Exogenous	
  

　phenobarbital	
  

　PCB	
  164（High	
  Cl）	
  

　DDTs	
  

　TCPOBOP	
  

Endogenous	
  

　Androstanol	
  	
  

　Estrogen	


CAR	
  
CAR	
  

coacFvator	
  

RXR	
  

CAR	
   RXR	
  

m-­‐RNA	
  

PBREM	
   CYP2B/2C/3A	
  

coacFvator	
  

Nucleus	


Proteins	


Dimer	


ReFnoid	
  receptor	


・Tumour	
  promoFon	
  
・Bile	
  acid	
  metabolism	
  
・Steroid	
  metabolism	
  
・Thyroid	
  hormone	


AdsorpFon	
  sites	
  have	
  Specific	
  
gene	
  arrangements	




Mechanism	
  mediated	
  by	
  PPAR	

Peroxisome	
  proliferator-­‐acFvated	
  receptor：	
  

　　　　　　　　　　　　　　　　　nuclear	
  receptor	
  of	
  ligand	
  –	
  induced	
  transcripFonal	
  regulator	
  

・Control	
  manifestaFon	
  of	
  genes	
  related	
  with	
  lipid	
  metabolism	
  →Cure	
  of	
  hyperlipidaemia	


PPAR	
  agonist	
  

（e.g.PFOS）	
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PPAR	
  

PPAR	
   RXR	
  

m-­‐RNA	
  

PPRE*	
  

PPAR	
  

PPAR	
  

TranscripFonal	
  
coacFvator	
  

 Protein	
  synthesis	
  	
  
e.g.	
  CYP4A	
  subfamily	
  

・Enzyme	
  inducFon	
  
・ProliferaFon	
  of	
  
peroxisomal	
  
・Changes	
  of	
  lipid	
  
metabolism/growth&	
  
differenFaFon	
  
・DNA	
  synthesis	
  
・Tumor	
  promoFon	


*peroxisome	
  proliferator	
  response	
  element	
  



Summaries	

•  Environmental	
  contaminants	
  are	
  suspected	
  	
  that	
  
they	
  contribute	
  some	
  toxic	
  effects	
  to	
  wildlife	
  
health	
  

•  It	
  is	
  also	
  suspected	
  that	
  hazardous	
  chemicals	
  give	
  
various	
  disorders	
  of	
  organs	
  and	
  Fssues	
  mediated	
  
by	
  biochemical	
  

•  It	
  is	
  require	
  strongly	
  to	
  monitor	
  and	
  to	
  remediate	
  
hazardous	
  pollutants	
  in	
  all	
  environments	
  &	
  wildlife	
  






