
Structural	
  and	
  func,onal	
  connec,vity	
  of	
  
the	
  extended	
  amygdala	
  in	
  newborn	
  

monkeys	
  
Do	
  Tromp,	
  Jonathan	
  Oler,	
  Andrew	
  Fox,	
  Alexander	
  Shackman,	
  
Julie	
  Fudge,	
  Richard	
  Davidson,	
  Rasmus	
  Birn,	
  Andrew	
  Alexander	
  

and	
  Ned	
  Kalin	
  

October	
  	
  2012	
  -­‐	
  SFN	
  



The	
  concept	
  of	
  the	
  extended	
  amygdala	
  

Ventral
amygdalofugal

pathway

Stria  
terminalis

Basolateral
amygdala

Ce

Adapted	
  from	
  Heimer,	
  de	
  Olmos,	
  Alheid,	
  	
  
et	
  al.	
  (1999)	
  

Adapted	
  from	
  Paxinos,	
  Huang,	
  Petrides	
  and	
  Toga	
  (2008)	
  

Central	
  nucleus	
  of	
  amygdala	
  (Ce)	
  

Bed	
  nucleus	
  of	
  stria	
  terminalis	
  (BST)	
  



Serotonin	
  transporter	
  availability	
  in	
  the	
  amygdala	
  and	
  BST	
  
predict	
  AT	
  and	
  brain	
  glucose	
  metabolism	
  

Oler,	
  Fox,	
  Shelton,	
  Chris,an,	
  Murali,	
  Oakes,	
  Davidson,	
  and	
  Kalin	
  (2009)	
  



BST	
  ac,va,on	
  is	
  modulated	
  by	
  the	
  Serotonin	
  Transporter	
  
Repeat	
  Polymorphism	
  (5-­‐HTTPLR)	
  

Kalin,	
  Shelton,	
  Fox,	
  Rogers,	
  Oakes	
  and	
  Davidson	
  (2008)	
  



Emerging	
  evidence	
  of	
  BST	
  involvement	
  in	
  human	
  anxiety	
  
studies	
  

Mobbs,	
  Yu,	
  Rowe,	
  Eich,	
  FeldmanHall	
  and	
  Dalgleish	
  (2010)	
  

BST	
  is	
  differen,ally	
  ac,ve	
  when	
  a	
  spider	
  is	
  retrea,ng	
  vs.	
  approaching	
  the	
  par,cipant	
  



Emerging	
  evidence	
  of	
  BST	
  involvement	
  in	
  human	
  anxiety	
  
studies	
  

Somerville,	
  Whalen	
  and	
  Kelley	
  (2010)	
  

BST	
  is	
  implicated	
  in	
  hyper	
  vigilant	
  threat	
  monitoring	
  in	
  anxious	
  subjects	
  



Anatomical	
  evidence	
  for	
  connec,vity	
  of	
  the	
  Ce	
  and	
  BST	
  in	
  
non-­‐human	
  primates	
  

Heimer	
  &	
  Van	
  Hoesen	
  (2006)	
  

Central	
  nucleus	
  of	
  amygdala	
  (Ce)	
  

Bed	
  nucleus	
  of	
  stria	
  terminalis	
  (BST)	
  



Diffusion	
  tensor	
  imaging	
  (DTI)	
  of	
  the	
  extended	
  
amygdala	
  	
  

Di!usion tensor imaging - deterministic tractography

Fiber	
  tractography	
  



Ce	
  is	
  func,onally	
  connected	
  to	
  the	
  BST	
  	
  
in	
  non-­‐human	
  primates	
  	
  

Oler,	
  Birn,	
  Patriat,	
  Fox	
  et	
  al.	
  (2012)	
  

1.25 mm

-2 mm

0 mm

5.4 mm

1.65 mm

Seed Region

Seed Region

Functional Connectivity with CeA in Young Humans (n=105)

Functional Connectivity with CeA in Young Monkeys (n=107)

Ce Region

BST Region

A

B

C

D

95% CI of Peak

95% CI of Peak

t>10 t>20 t>30

t>16 t>20 t>24

Human Atlas

Monkey Atlas

-2 mm

0 mm

6 mm

R

R

R

R

Amygdala 

Ce Region

BST Region

Amygdala 

n	
  =	
  107	
  



Ce	
  is	
  func,onally	
  connected	
  to	
  the	
  BST	
  in	
  humans	
  

1.25 mm

-2 mm

0 mm

5.4 mm

1.65 mm

Seed Region

Seed Region

Functional Connectivity with CeA in Young Humans (n=105)

Functional Connectivity with CeA in Young Monkeys (n=107)

Ce Region

BST Region

A

B

C

D

95% CI of Peak

95% CI of Peak

t>10 t>20 t>30

t>16 t>20 t>24

Human Atlas

Monkey Atlas

-2 mm

0 mm

6 mm

R

R

R

R

Amygdala 

Ce Region

BST Region

Amygdala 

n	
  =	
  107	
  

Oler,	
  Birn,	
  Patriat,	
  Fox	
  et	
  al.	
  (2012)	
  



Using	
  tracer	
  studies	
  to	
  study	
  direc,onality	
  



Mapping	
  connec,vity	
  in	
  anxiety	
  

Adapted	
  from	
  Davis	
  &	
  Whalen	
  (2001)	
  



Steve	
  Shelton	
  

Jonathan	
  Oler	
  

Brad	
  Chris,an	
  	
  

Richie	
  Davidson	
  

Helen	
  Van	
  Valkenberg	
  
Marissa	
  Riedel	
  
Jenny	
  Storey	
  
Steve	
  Nanda	
  
Ben	
  Berg	
  

Pat	
  Roseboom	
  

Andy	
  Alexander	
  

Rasmus	
  Birn	
  

This	
  work	
  has	
  been	
  supported	
  by	
  NIH	
  grants	
  MH046729,	
  MH081884	
  and	
  MH084051,	
  and	
  the	
  HealthEmoFons	
  
Research	
  InsFtute.	
  

Ned	
  Kalin	
  

Alex	
  Converse	
  

Alex	
  Shackman	
  

Andrew	
  Fox	
  

Nagesh	
  Adluru	
  

Julie	
  Fudge	
  

Danielle	
  de	
  Campo	
  




