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! ! J8C8E!B-+-!_,-/<'"'ddddddddddddddddddddddddddd JZ!

! ! ! #/*7-+*.!@/('!G-H*dddddddddddddddddddddd888d JZ!

! ! ! X3&0>!@)&2*!T()<",5!9*'+ddddddddddddddddddddd JZ!

! J8E!S*'(/+'dddddddddddddddddddddddddddd8ddddd88 JZ!

! ! J8E8R!#/*7-+*.!@/('!G-H*ddddddddddddddddddd8ddddd88 JZ!

! ! J8E8J!X3&0>!@)&2*!T()<",5!9*'+ddddddddddddddddddddddC E!

! J8D!B"'0(''"&,dddddddddddddddddddddddddddddddd8C Y!

! ! J8D8R!A@X!#7&>*.!P&,56P-'+",51!\(+0&4*!X%*0";"0!#;;*0+'!",!X",5/*!!!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!e&('*.!S-+'ddddddddddddddddddddddd dddd888 CY!

! ! J8D8J!S*6'&0"-/"H-+"&,!M-"/*.!+&!I &4%/*+*/<!S*7*)'*!+3*!#;;*0+'!&;!A@X!&,!!

! ! !!!!!!!!!S-+'L!#@G!T*3-7"&()'d 88dddddd 8ddddddddddd888d 8dd888CZ!

! ! J8D8C!#$%&'",5!X&0"-//<!e&('*.!S-+'!+&!A@X!",!G".6_.&/*'0*,0*!#,3-,0*.! ! !

! !!!!!!!!!!! !!!!!!!!!S*'"/"*,0*!ddddddddddddddddddddd8888 8888888888888888888888888ER!

! ! J8D8E!I&,0/('"&,ddddddddd 8ddddddddddddddd888 888888888888ED!

)-&/$0%(9(D5$0%>.$$05$(H-I#.'&3(E$%0##(.5(7.<+!<*30#'05'0(E-.@$#(K&$#L(M0-&.N*,%((

?*;&%<(&(K0;&%<+)05$%.'(H-05*$I/0(.5(!<,3$-**< 88ddd d dddddd8ddddd ddd88 8Eh!

! C8W!_2'+)-0+d88ddddd 888dddd dddd888 dddddddddddddddd8d Eh!

! C8R!A,+)&.(0+"&,dddddddd888ddddddddddddddddddddddd DW!

! C8J!G*+3&.'ddddddddddddddddddddddddddd8ddddddD E!

! ! C8J8R!X(2N*0+'ddddddddddddddddddddddddddddd8D E!

! ! C8J8J!#$%*)"4*,+-/!9"4*/",*ddddddddddddddddddd8dddd8 DE!



! 7""!

! ! C8J8C!A,+*)4"++*,+!@3<'"0-/!X+)*''ddddddddddddddddd8dddd88 DD!

! ! ! #/*7-+*.!@/-+;&)4!X+)*''ddddddddddddddddd8ddd88d DD!

! ! ! a-+*)!A44*)'"&,!X+)*''dddddddddddddddddddddd DF!

! ! ! M&&+!X3&0>!X+)*''dddddddddddddddddddddddd88 DF!

! ! C8J8E!Gc6hWR!9)*-+4*,+dddddddddddddddddddd88dddd8 DY!

! ! C8J8D!T*3-7"&()-/!9*'+",5dddddddddddddddddddd88dddd Dh!

! ! ! #/*7-+*.!@/('!G-H*ddddddddddddddddd88dddddd8 Dh!

! ! ! X3&0>!@)&2*!T()<",5!9*'+ddddddddddddddddddddd DZ!

! ! ! _4%3*+-4",*!A,.(0*.!P&0&4&+"&,!9*'+dddddddd888dddddd88 FW!

! ! C8J8F!B-+-!_,-/<'"'ddddddddddddddddddddd88ddddd88F R!

! C8C!S*'(/+'ddddddddddddddddddddddddddddd8dddd88F J!

! ! C8C8R!#/*7-+*.!@/('!G-H*dddddddddddddddddddd8dddd88F J!

! ! C8C8J!X3&0>!@)&2*!T()<",5!9*'+dddddddddddddddddddddd Fh!

! ! C8C8C!_4%3*+-4",*!A,.(0*.!P&0&4&+"&,ddddddddddddd8ddddd Fh!

! ! C8C8E!I&))*/-+"&,!T*+:**,!\%*, 6_)4!#$%/&)-+"&,!-,.!_G@e6A,.(0*.!P&0&4&+"&,d8YJ!

! ! C8C8D!M-0+&)!_,-/<'"'!&;!T*3-7"&)'!B"'%/-<*.!",!+3*!#@G!-,.!_G@e6A,.(0*.! ! !

! !!!!!!!!! !!!!!!!!!P&0&4&+"&,!9*'+dddddddddddddddd dddddd88 8888888888888YE!

! C8E!B"'0(''"&,dddddddddddddddddddddddddd ddd 8888dd8 YD!

! ! C8E8R!A,+*)4"++*,+!@3<'"0-/!X+)*''!A,0)*-'*'!#$%/&)-+&)<!T*3-7"&()'!",!! ! !

! !!!!!!!!!! !!!!!!!!!_.(/+3&&.d d888ddddddddddddddddddd dddddd8 8YF!

! ! C8E8J!A,+*)4"++*,+!@3<'"0-/!X+)*''!",!G".6_.&/*'0*,0*! A,0)*-'*'!X*,'"+"7"+<!+&!

! ! !!!!!!!!!S*:-). 6S*/-+*. !@)&0*''*'!",!_.(/+3&&.ddddddddd8 ddd d888dd8 8YY!

! ! C8E8C!9)*-+4*,+!:"+3!Gc 6hWR!B&*'!f&+!S*7*)'*!+3*!#;;*0+'!&;!A,+*)4"++*,+!! !

! !!!!!!!!!!!!!!!!!!!!!!@3<'"0-/!X+)*''!",!G".6_.&/*'0*,0*dd 888ddddddd8dd dddddd8 YZ!

! ! C8E8E!P"4"+-+"&,'1!I&,0/('"&,'!-,.!M(+()*!B")*0+"&,'ddddddddd8d ddd 8hW!

)-&/$0%(:(D5$0%>.$$05$(H-I#.'&3(E$%0##(.5(7.<+!<*30#'05'0(K0>*<03#($-0(H%0@%*5$&3()*%$0O6(

F.//*'&>/,#(&5<(M&#*3&$0%&3(!>I=<&3&(.5(&(K0=.*5+E/0'.@.'(7&550%d dd88 d ddddddd hE!

! E8W!_2'+)-0+dddddddddddddddddddddddddddddd ddd8 hE!

! E8R!A,+)&.(0+"&,ddddddddddddddddddddddddddd88d ddd8 hF!

! E8J!G*+3&.'dddddddddddddddddddddddddddd88d ddd8 88ZR!

! ! E8J8R!X(2N*0+'ddddddddddddddddddddddddd8888 8888888888888ZR!

! ! E8R8J!X+)*''!S*5"4*,!-,.!T*3-7"&()-/!9*'+",5dddddddddddd888 88888888888888ZR!

! ! E8R8C!j&5/"!I&$!e"'+&/&5<ddddddddddddddddddd88d ddd 888ZC!

! ! E8R8E!k(-,+";"0-+"&,!&;!I&)+"0-/!93"0>,*''ddddddddddddd8d ddd 888ZE!



! 7"""!

! ! E8R8D!A.*,+";"0-+"&,!-,.!k(-,+";"0-+"&,!&;!f*()&,'!",!S*5"&,'!&;!A,+*)*'+dddd d d ZY!

! ! ! f*()&,!9)-0",5dddddddddddddddddddd888d dd888888ZY!

! ! ! X3&//!_,-/<'"'dddddddddddddddddddddd dd8888888ZZ!

! ! ! B*,.)"+"0!X%",*!B*,'"+<dddddddddddddddd88d dd888d8RWR!

! ! E8R8F!B-+-!_,-/<'"'dddddddddddddddddddddd ddd d88RWJ!

! ! ! a*"53+dddddddddddddddddd ddddddd ddd 8RRR!

! ! ! #/*7-+*.!@/('!G-H*!T*3-7"&()ddddddddddddd888dd dd8888RWE!

! ! ! I&)+"0-/!93"0>,*''dddddddddddddddddd888dd dd888RWE!

! ! ! B*,.)"+"0!I&4%/*$"+<!7"-!X3&//!_,-/<'"'dddddddddddd dd888RWD!

! ! ! B*,.)"+"0!X%",*!B*,'"+<ddddddddddddddd888ddd dd888RWD!

! E8C!S*'(/+'ddddddddddddddddddddddddddd dddddd8 RWD!

! ! E8C8R!#/*7-+*.!@/('!G-H*ddddddddddddddddd8dddd ddd RWD!

! ! E8C8J!j&/5"6I&$!_,-/<'"'dddddddddddddddd88dddd ddd88 RWh!

! ! ! G*."-/!@)*;)&,+-/!I&)+*$dddddddddddddddddd ddd RWZ!

! ! ! ! I&)+"0-/!93"0>,*''ddddddddddddd8dddd ddd RRW!

! ! ! ! X3&//!_,-/<'"'ddddddddddddddd8dddd dd888RRC!

! ! ! ! B*,.)"+"0!X%",*!B*,'"+<dddddddddd88d8dddd dd88 RRC!

! ! ! B&)'-/!e"%%&0-4%('ddddddddddddddddddd d dd888RRY!

! ! ! ! I&)+"0-/!93"0>,*''ddddddddddddddd88dd dd888RRY!

! ! ! ! X3&//!_,-/<'"'dddddddddddddddd8ddd dd888RRY!

! ! ! ! B*,.)"+"0!X%",*!B*,'"+<dddddddddddd8ddd ddd RJW!

! ! ! T-'&/-+*)-/!_4<5./-ddddddddddddddddd88dd ddd8 RJJ!

! ! ! ! I&)+"0-/!93"0>,*''dddddddddddddd88ddd dd888RJJ!

! ! ! ! X3&//!_,-/<'"'ddddddddddddddd8dddd dd888RJJ!

! ! ! ! B*,.)"+"0!X%",*!B*,'"+<ddddddddddddddd888 8888888888RJC!

! E8E!B"'0(''"&,dddddddddddddddddddddddddddd ddd888 RJY!

! ! E8E8R!A@X!",!G".6_.&/*'0*,0*!A,0)*-'*.!\%*, 6_)4!#$%/&)-+"&,!",!! ! !

! ! !!!!!!!!!_.(/+3&&.dddddddddddddddddddddd8dd ddd8 8RJY!

! ! E8E8J!A@X!",!G".6_.&/*'0 *,0*!@)&.(0*.!P&,56P-'+",5!B*0)*-'*'!",!I&)+"0-/! ! !

! !!!!!!!!!! !!!!!!!!!93"0>,*''!93-+!a*)*!\,/<!#7".*,+!",!+3*!4@MI 888dddddd dddddd RJZ!

( ( E8E8C!A@X!",!G".6_.&/*'0*,0*!B".!f&+!_/+*)!B*,.)"+"0!I&4%/*$"+<!-,.!X%",*! ! !

! !!!!!!!!!!!!!!!!!!!!!!B*,'"+<!&;!@<)-4".-/!f*()&,'!",!+3*!4@MIdddddddd8 dddddd88 RJZ!

( ( E8E8E!A@X!",!G".6_.&/*'0*,0*!_/+*)*.!e"%%&0-4%-/!B*,.)"+"0!I&4%/*$"+<!",!-!! !

! !!!!!!!!!! !!!!!!!!!X*$6X%*0";"0!G-,,*)!2(+!e-.!f&!_%%-)*,+!#;;*0+'!&,!X%",*!B*,'"+<dd88dd RCW!



! "$!

! ! E8E8D!A@X!",!G".6_.&/*'0*,0*!B*0)*-'*.!B*,.)"+"0!I&4%/*$"+<!-,.!X%",*! ! !

! ! !!!!!!!!!B*,'"+<!",!+3*!TP_ddddddddddddddddddddd ddd8 RCJ!

! ! E8E8F!j*,*)-/!I&,0/('"&,'!-,.!M(+()*!B")*0+"&,'dddddddd888ddd ddd RCE!

)-&/$0%(P(C050%&3(J.#',##.*5ddddddddddddddddddddddd 888888888888888888888RCY!

! D8W!\7*)-//!M",.",5'!-,.!A4%/"0-+"&,'ddddddddddddddddddd ddd88 RCY!

! D8R!P"4"+-+"&,dddddddddddddddddddddddddddd dddd RCh!

! D8J!M(+()*!B")*0+"&,'!-,.!93*&)*+"0-/!I&,'".*)-+"&,'ddddddddddddd ddd88 REW!

! ! D8J8R!9*'+",5!A@X69)*-+*.!S-+'!",!-!a".*)! _))-<!&;!9*'+'dddddddd ddd88 REW!

! ! D8J8J!B&*'!X+)*''!A,!G".6_.&/*'0*,0*!P&0>6A,!+3*!9**,-5*!T)-",l888888888888888888888888888888REJ!

! ! D8J8C!_)*!X+)*''!S*'"/"*,0*!-,.!X+)*''!b(/,*)-2"/"+<!\%%&'"+*'!&,!+3*!X-4*!! !

! !!!!!!!!!!!!!!!!!!!!!!B"4*,'"&,l 8888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888888REE!

! ! D8J8E!A,0)*-'",5!g+"/"+<!&;!_,"4-/!G&.*/'dddddddddddddd ddd88 RED!

! D8C!\7*)-//!I&,0/('"&,'dddddddddddddddddddddddd888 8888888888888REF!

S*;*)*,0*' ddddddddddddd dddddddddddddddddddd ddd88 REY!

! !



! $!

(Q.#$(*@(R.=,%0#(

!
M"5()*!J8RU!#$%*)"4*,+-/!9"4*/",* ddddddddddddddddddddd888 ddd8 ! JY!

M"5()*!J8JU!\%*,6_)4!#$%/&)-+"&,!",!+3*!#/*7-+*.!@/('!G-H*ddddddddddd ddd8 ! CJ!

M"5()*!J8CU!X3&0>!@)&2*!T()<",5!T*3-7"&()dddddddddddddddddd ddd8 ! CD!

M"5()*!C8RU!#$%*)"4*,+-/!9"4*/",*d dddddddddddddddddddddd d d ! DD!

M"5()*!C8JU!\%*,6_)4!#$%/&)-+"&,!",!+3*!#/*7-+*.!@/('!G-H*ddddddddddd d dd8 ! FE!

M"5()*!C8CU!S"'>!_''*''4*,+!T*3-7"&)!",!+3*! #/*7-+*.!@/('!G-H*ddddddddd ddd888 ! FY!

M"5()*!C8EU!P&0&4&+&)!)*'%&,'*!+&!_4%3*+-4",*ddddddddddddddd888 8888888888888! YR!

M"5()*!C8E8!S*/-+"&,'3"%!T*+:**,!#$%/&)-+"&,!-,.!P&0&4&+&)!S*'%&,'*!+&!_4%3*+-4",*ddd ! YC!

M"5()*!E8R8!#$%*)"4*,+-/!9"4*/",*ddddddddddddddddddddd888 8888888888888! ZJ!

M"5()*!E8J8!P",*-)!@)&2*'!;&)!G*-'()*4*,+!&;!I&)+"0-/!93"0>,*''ddddddddd ddd888 ! ZF!

M"5()*!E8C8!X-4%/",5!;&)!X3&//!_,-/<'"'ddddddddddddddddddd ddd888 ! Zh!

M"5()*!E8E8!93*!X3&//!_,-/<'"'!9*03,"K(*dddddddddddddddddd888 8888888888888! RWW!

M"5()*!E8D8!G*-'()*4*,+!&;!X<,-%+"0!X%",*!B*,'"+<dddddddddddddd888 8888888888888! RWJ!

M"5()*!E8F8!\%*,6_)4!#$%/&)-+"&,!",!+3*!#/*7-+*.!@/('!G-H*ddddddddddd ddd8 ! RWY!

M"5()*!E8Y8!S*.(0+"&,'!",!I&)+"0-/!93"0>,*''!",!+3*!4@MIdddddddddddddd d8 ! RRR!

M"5()*!E8h8!S*.(0+"&,'!",!B*,.)"+"0!_)2&)"H-+"&,!",!+3*!TP_dddddddddddddd88 ! RJJ!

M"5()*!E8Z8!S*.(0+"&,'!",!B*,.)"+"0!X%",*!B*,'"+<!",!+3*!TP_dddddddddddddd ! RJE!

!
! !



! $"!

Q.#$(*@(?&"30#(
!
9-2/*!J8R8!P&0&4&+&)!_0+"7"+<!",!+3*!#/*7-+*.!@/('!G-H*dddddddddddd888 8888888888888! CC!

9-2/*!J8J8!X3&0>!@)&2*!T()",5!T*3-7"&()dddddddddddddddddd888 8888888888888! CF!

9-2/*!C8R8!P&0&4&+&)!_0+"7"+<!",!+3*!#/*7-+*.!@/('!G-H*dddddddddddd888 8888888888888! FD!

9-2/*!C8J8!X3&0>!@)&2*!T()<",5!T*3-7"&)dddddddddddddd dddd888 8888888888888! Fh!

9-2/*!C8C8!T*-4!T)*->'!",!+3*!e-2"+(-+"&,!@3-'*dddddddddddddddd ddd8 ! FZ!

9-2/*!C8E8!T*-4!T)*->'!",!+3*!X-/",*!@3-'*dddddddddddddddddd ddd88 ! FZ!

9-2/*!C8D8!M-0+&)!_ ,-/<'"'! X(44-)<!;&)! f &6X+)*''! I &,+)&/!S-+'ddddddddddd dd8 ( YE!

9-2/*!C8F8!M-0+&)!_ ,-/<'"'! X(44-)<!;&)! S-+'!#$%&'*.!+&!A,+*)4"++*,+!@3<'"0-/!X+)*'' dd88888888888( YD!

9-2/*!E8R8!a*"53+!j-",!_0)&''!#$%*)"4*,+-/!9"4*/",* ddddddddddddd888 8888888888888! RWC!

9-2/*!E8J8!P&0&4&+&)!T*3-7"&()!",!+3*!#/*7-+*.!@/('!G-H*ddddddddddd888 8888888888888! RWY!

9-2/*!E8C8!X(44-)<!&;!S*4&.*/",5!S*'(/+'!",!S*5"&,'!&;!A,+*)*'+dddddddddddd8 ! RWh!

9-2/*!E8E8!I&)+"0-/!93"0>,*''!6!I5R!Q!4@MIdddddddddddddddddd ddd8 ! RRR!

9-2/*!E8D8!B*,.)"+"0!_)2&)"H-+"&,!-,.!P*,5+3!6!4@MIdddddddddddddd ddd8 ! RRC!

9-2/*!E8F8!B*,.)"+"0!X%",*!B*,'"+<!6!4@MIdddddddddddddddddd ddd88 ! RRE!

9-2/*!E8Y8!I&)+"0-/!93"0>,*''![ !e"%%&0-4%('ddddddddddddddddd ddd88 ! RRD!

9-2/*!E8h8!B*,.)"+"0!_)2&)"H-+"&,!-,.!P*,5+3!6!I_R dddddddddddddd888 8888888888888! RRY!

9-2/*!E8Z8!B*,.)"+"0!_)2&)"H-+"&,!-,.!P*,5+3!6!I_C dddddddddddddd888 8888888888888! RRh!

9-2/*!E8RW8!B*,.)"+"0!X%",*!B*,'"+<!6!I_C dddddddddddddddddd ddd8 ! RJW!

9-2/*!E8RR8!B*,.)"+"0!_)2&)"H-+"&,!-,.!P*,5+3!6!TP_ dddddddddddddd ddd8 ! RJE!

9-2/*!E8RJ8!B*,.)"+"0!X%",*!B*,'"+<!6!TP_ dddddddddddddddddd ddd88 ! RJD!

(

( (



! $""!

Q.#$(*@(!""%0N.&$.*5#(

! ! " !! @-)+"-/!#+-!XK(-)*.!
_II ! ! _,+*)"&)!I",5(/-+*!I&)+*$ !
_I9e ! ! _.)*,&0&)+"0&+)&%"0!e&)4&,*!
_G@e!! _4%3*+-4",* !
_G@e6AP! _4%3*+-4",*!A,.(0*.!P&0&4&+"&,!
_fI\b_ ! _,-/<'"'!&;!I&7-)"-,0* !
_f\b_ ! _,-/<'"'!&;!b-)"-,0* !
TP_ ! ! T-'&/-+*)-/!_4<5.-/- !
I #!e !! \ ##" X(0)&'*!
I $e #! " " J6G*+3/<2(+-,*QA'&%*,+-,*!
I %e #&" " m</*,* !
I_R ! ! I &),(! _ 44&,"'1!'(2)*5"&,!R !
I_C ! ! I &),(! _ 44&,"'1!'(2)*5"&,!C !!
I5R! ! I",5(/-+*!I&)+*$ !
IA!! ! I&,;".*,0*! A,+*)7-/!
IGX ! ! I3)&,"0!4"/.!'+)*'' !
I\ ! " " I-)2&,!B"&$".*! !
I\S9 ! ! I&)+"0&'+*)&,*QI&)+"'&/!
ISe ! ! I&)+"0&+)&%"0!e&)4&,*!
IgX ! ! I3)&,"0!g,%)*."0+-2/*!X+)*''!
87) ) B*5)**'!&;!M)**.&4 !
BSBR! ! B&%-4",*!S*0*%+&)!M-4"/<1!'(2+<%*!R!
#@G! ! #/*7-+*.!@/('!G-H*!
#XB! ! #$+)*4*!X+(.*,+"H*.!B*7"-+*!
e5I/ ! " " G*)0()"0!I3/&)".* !
"8%8! ! A,+)-%*)"+&,*-/!
AP! ! A,;)-/"42"0!
A@X!! ! A,+*)4"++*,+!@3<'"0-/!X+)*''!
c ! I)\ ' "@&+-''"(4!I3)&4-+*!
c ! I)\ (""@&+-''"(4!B"03)&4-+*!
cG\ ! ! c-"'*) 6G*<*)6\/>",!0)"+*)"&,!
GMI ! ! G*."-/!M)&,+-/!I&)+*$!
4@MI! ! G*."-/! @)*;)&,+-/!I&)+*$!
49$9!! ! f&+!X"5,";"0-,+!
fe ' \e! ! _44&,"(4!e<.)&$".* !
fGB_ !f 64*+3</6B6-'%-)+"0!-0".!
@B! ! @&'+,-+-/!B-<!
@MI! ! @)*;)&,+-/!I&)+*$!
!552/2: ) @)&+*",!@3&'%3-+-'*!R!S*5(/-+&)<!A,3"2"+&)!X(2(,"+!RT!)
@)P! ! @)*/"42"0!!
@bI! ! @&/<7",</!I3/&)".*!
SB&I ! ! S*'*-)03!B&4-",'!I)"+*)"- !
;$5&1) ) S6'%&,.",!J!5*,* !
X#G! ! X+-,.-).!#))&)!&;!+3*!G*-, !
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1%&!LAM!:U+C)8!R!^+22+()4.?!GHH#I!=/7)_+!&1!+/<?!GHHY;<!`.1+D/,?!71(&77!)4!*)89+8./&72&42&!)7!+/7.!

+77.2)+1&8!6)1%!/.4-9/+71)4-!)42(&+7&7!)4!7&47)1)C)1,!1.!8(3-7!.0!+D37&?!)42/38)4-!4)2.1)4&!:M2Z.(*)2F!R!

@D(+%)*?!GHH#;?!+*'%&1+*)4&!:N3(F&!&1!+/<?!GHK"I!N3(F&?!J+11!R!\.(&71&(?!GHKKI!M+1%&67?!M)//7!R!

M2Z.(*)2F?!GHHT;!+48!2.2+)4&!:N3(F&?!U&N./8!R!M)2>&F?!GHKSI!N3(F&!R!M)2>&F?!GHKW;<!!a)C&4!1%&!

*3 /1)'/&!+77.2)+1).47!D&16&&4!1%&7&!C+()+D/&7?!1%&!@AB9)4832&8!)42(&+7&7!)4!.'&49+(*!+21)C)1,!8)7'/+,&8!

D,!*, !7)4-/&!%.37&8!:+48!(&97.2)+/)>&8;!(+17!*)-%1!'(&8.*)4+41/,!(&0/&21!2%+4-&7!)4!1%&!D(+)4X7!

*.1)C+1).4+/!7,71&*!(+1%&(!1%+4!2%+4-&7!)4!1%&!4&3(+/!(&-3/+1).4!.0!+45)&1,?!!"#$%"<!!Z/&+(/,?!*.(&!8&1+)/&8!

D&%+C).(+/!6.(F!)7!4&&8&8!1.!2%..7&!D&16&&4!1%&7&!+/1&(4+1)C&7<!=7!03(1%&(!8)72377&8!D&/.6?!1%&!23((&41!

7138,!73--&717!1%+1!732%!6.(F!7%.3/8!2.47)8&(!%.37)4-!+7!+4!)*'.(1+41!C+()+D/&<!
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!

!

!

"Y!

!"#"!$A37'*(&8?&B89&*+$>8&?34$9*$(*<=?393?C$D313D'3$9E3$3>>3(9'$*>$-./$*+$D89'F$0.G$H3E81&*)D'$

! @AB9)4832&8!)42(&+7&7!)4!.'&49+(*!&5'/.(+1).4!6&(&!71)//!&C)8&41!)4!(&97.2)+/)>&8!(+17<!!=/1%.3-%!

1%)7!0)48)4-!6+7!.4/,!7)-4)0)2+41!+1!1%&!/&C&/!.0!+!.4&91+)/!1&71?!)1!4.4&1%&/&77!+22.(87!6)1%!*, !&$!#'(#'!

'(&8)21).47?!)<&<?!1%+1!(&97.2)+/)>+1).4!+2(.77!1%&!G#98+,!(&2.C&(,!'&().8!6.3/8!0+)/!1.!(&C&(7&!1%&!/+71)4-!

&00&217!.0!@AB!.4!(+17X!&5'/.(+1).4!'(.0)/&7!)4!1%&!LAM<!!Z.47)71&41!6)1%!1%)7?!+4!&C&4!/.4-&(!'&().8!.0!(&9

7.2)+/)>+1).4!:bG!8+,7;!0+)/&8!1.!(&C&(7&!1%&!%)-%&(!/&C&/7!.0!7.2)+/!+C.)8+42&!8)7'/+,&8!D,!+83/1!*)2&!:AU!

TH;!6)1%!+!%)71.(,!.0!2%(.4)2!8+)/,!7.2)+/!8&0&+1!)4!+8./&72&42&!:AU!GT9"TI!c%+4-!&1!+/<?!GHKS;<!!$%&7&!

0)48)4-7!+/7.!+/)-4!6)1%!'().(!&C)8&42&!1%+1!%.37)4-91,'&!7.2)+/!D300&()4-!)4!+83/1!(+17!.4/,!.223((&8!)0!(+17!

6&(&!(&9%.37&8!6)1%!+!2+-&9*+1&!&)1%&(!)**&8)+1&/,!.(!KG!%(7!+01&(!+!71(&77!&5'&()&42&!:0..197%.2F;!D31!

6+7!4.!/.4-&(!&C)8&41!)0!1%&!(&9%.37)4-!.223((&8!Gb!.(!"S!%(7!+01&(!1%&!71(&77.(!:V),.F+6+!&1!+/<?!GHKS;<!!

@4!1%&!23((&41!7138,?!(&97.2)+/)>&8!(+17!6&(&!7)4-/&!%.37&8!+1!6&+4)4-!:.4!AU !GK;!+48!6&(&!4.1!%.37&8!

6)1%!+!2+-&9*+1&!341)/!AU!b#?!1%+1!)7?!Gb!%(7!+01&(!1%&!/+71!71(&77!&')7.8&!.0!1%&!@AB!1)*&0(+*&<!!!

! @1!)7!)*'.(1+41!1.!4.1&?!%.6&C&(?!1%+1!7.2)+/!D300&()4-!(&7&+(2%!)4!+83/1!(.8&417!'(&8.*)4+41/,!

&5+*)4&7!)17X!)*'+21!.4!1%&!)**&8)+1&!&00&217!.0!+231&!71(&77!:E.71)4+(!&1!+/<?!GHKbI!V),.F+6+!R!

E&44&77,?!GHKT;<!!$%&!6)48.6!.0!.''.(134)1,!*)-%1!D&!6)8&(!0.(!7.2)+/!D300&()4-!1.!(&C&(7&!1%&!/.4-9

1&(*!)*'+21!.0!'().(!2%(.4)2!71(&77<!\3(1%&(*.(&?!D&2+37&!(&97.2)+/)>&8!@AB!(+17!.4/,!1&48&8!1.!8)7'/+,!

%)-%&(!/&C&/7!.0!.'&49+(*!&5'/.(+1).4!1%&,!*)-%1!%+C&!D&4&0)1&8!7.*&6%+1!0(.*!+00)/)+1)C&!7.2)+/!2.41+21!

.C&(!1%&!G#98+,!(&2.C&(,!'&().8<!!U3&!1.!7'+2&!2.471(+)417!)4!1%&!+4)*+/!0+2)/)1,?!1%&!(&97.2)+/)>+1).4!

-(.3'7!6&(&!(&9%.37&8!6)1%!+!2+-&9*+1&!0(.*!1%&!7+*&!1(&+1*&41!2.48)1).4<!!@!*)-%1!%+C&!7&&4!+!-(&+1&(!

(&8321).4!.0!@AB9)4832&8!)42(&+7&7!)4!.'&49+(*!&5'/.(+1).4!)0!1%&,!%+8!D&&4!(&97.2)+/)>&8!6)1%!71(&77!

4+)C&!'+)(9%.37&8!(+17<!!$%)7!)7!'(&8)2+1&8!.4!'().(!&C)8&42&!1%+1!6%&4!)7./+1).4!(&+(&8!(+17!6&(&!

73D7&d3&41/,!%.37&8!1.-&1%&(!:b!)7./+1&7O2+-&;!1%&,!8)7'/+,&8!+D4.(*+/!D&%+C).3(7!)4!1%&!%.*&92+-&?!
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)42/38)4-!*.(&!3497)-4+/&8!+11+2F7?!0&6&(!73D*)77)C&!'.713(&7!:6%)2%!4.(*+//,!(&832&!+--(&77).4;?!*.(&!

34'(.C.F&8!8&0&47)C&!(&7'.47&7!+48!7)-4)0)2+41/,!/&77!7/&&'9(&/+1&8!%388/)4-!:)<&<?!7/&&')4-!)4!2.41+21!

6)1%!+!2+-&9*+1&I!$3/.-8)!&1!+/<?!GHKb;<!!=/1%.3-%!1%&7&!+D4.(*+/!D&%+C).(!'(.0)/&7!8)77)'+1&8!.C&(!1)*&?!

1%&,!*)-%1!%+C&!8)*)4)7%&8!.''.(134)1)&7!0.(!7.2)+/!D300&()4-<!!@4!/)4&!6)1%!1%)7?!6%&4!(+17!6)1%!+!%)71.(,!

.0!7.2)+/!)7./+1).4!)4!&+(/,!+8./&72&42&!:&<-<?!AU!GK9GY;!6&(&!(&97.2)+/)>&8!6)1%!+4.1%&(!)7./+1&?!1%&,!

8)7'/+,&8!(&832&8!7.2)+/!(&7'.47&7!)4!+83/1%..8?!D31!1%&7&!&00&217!6&(&!(&C&(7&8!)0!)7./+1&7!6&(&!(&9

7.2)+/)>&8!6)1%!+!7.2)+//,!&5'&()&42&8!2+-&9*+1&!:E./!&1!+/<?!KYYYI!M+F)4.8+4!&1!+/<?!GHK#;<!!@4!.1%&(!

6.(87?!(&97.2)+/)>+1).4!D&16&&4!2+-&9*+1&7!1%+1!D.1%!/+2F&8!4.(*+/!7.2)+/!&5'&()&42&7!)4!&+(/,O*)89

+8./&72&42&!*+)41+)4&8!1%&!&00&217!.0!'().(!7.2)+/!8&'()C+1).4<!!=/1%.3-%!)1!)7!4.1!F4.64!)0!1%&!'().(!71(&77!

%)71.(,!:.C&(!+48!+D.C&!7.2)+/!)7./+1).4;!.0!1%&!'+(14&(!(+1!+/1&(7!1%&!&00)2+2,!.0!7.2)+/!D300&()4-!)4!

+8./&72&42&?!1%)7!+''&+(7!1.!D&!1%&!2+7&!0.(!+83/1!(+17<!!B'&2)0)2+//,?!+22&77!1.!+!71(&77!4+eC&!2.47'&2)0)2!

&C.F&7!-(&+1&(!7.2)+/!D300&()4-!1%+4!8.&7!+22&77!1.!+!71(&77!&5'&()&42&8!2.47'&2)0)2!:V),.F+6+!&1!+/<?!

GHHb;<!

! @1!)7!)*'.(1+41!1.!4.1&!1%+1?!)4!1%&!23((&41!7138,?!%.37)4-!+/.4&!0+)/&8!1.!)40/3&42&!(+17X!D&%+C).(+/!

8&0&47)C&4&77!)4!+83/1%..8?!+7!)48&5&8!D,!1%&!&d3)C+/&41!/&C&/7!.0!.'&49+(*!+C.)8+42&!+48!7%.2F9'(.D&!

D3(,)4-!8)7'/+,&8!D,!2.41(./!(+17!)4!1%&!1%(&&!%.37)4-!2.48)1).47<!!$%)7!0)48)4-!+887!1.!.1%&(!

)42.47)71&42)&7!)4!1%&!7.2)+/!)7./+1).4!/)1&(+13(&<!!B'&2)0)2+//,?!+83/1!(+17!6)1%!+!%)71.(,!.0!)7./+1).4!83()4-!

+8./&72&42&!%+C&!8)7'/+,&8!)42(&+7&7!:J&)41(+3D!&1!+/<?!GHKHI!\.4&!&1!+/<?!KYYS;?!8&2(&+7&7!:J()-%1?!

f'1.4!R!M+(78&4?!KYYKI!Z%+''&//!&1!+/<?!GHK";!+48!4.!2%+4-&7!:B)*'7.4!&1!+/<?!GHKH?!N(&4&7?!A+8)//+!R!

\.(4+-3&(+?!GHHY;!)4!.'&49+(* !&5'/.(+1).4?!+7!6&//!+7!8&2(&+7&7!:B)*'7.4!&1!+/<?!GHKHI!=(+F+6+?!GHH#;!

+48!4.!2%+4-&7!:C+4!8&4!N&(-!&1!+/<?!KYYY;!)4!D3(,)4-!D&%+C).(<!!B32%!)42.47)71&42)&7!2.3/8!(&0/&21!

C+().37!'(.2&83(+/!8)00&(&42&7?!)42/38)4-!7'&2)&7?!71(+)4?!+-&!+1!71+(1!+48!&48!.0!7.2)+/!)7./+1).4?!+48!1%&!
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43*D&(!.0!+4)*+/7O2+-&!)4!1%&!7.2)+/!2.*'+()7.4!-(.3'<!!Q4&!/)F&/,!&5'/+4+1).4!0.(!1%&!0+)/3(&!1.!7&&!

&00&217!.0!%.37)4-!+/.4&!)7!1%+1!@!%+48/&8!2.41(./!(+17!.4!&+2%!.0!1%&!71(&77!&5'.73(&!8+,7<!!E+48/)4-!)7!

F4.64!1.!(&C&(7&!1%&!&00&217!.0!7.2)+/!)7./+1).4!(&+()4-!:E./7.4!&1!+/<?!KYYKI![.7+!&1!+/<?!GHHW;<!

\3(1%&(*.(&?!D&2+37&!1%&!%)-%!/&C&/7!.0!7.2)+/!'/+,!1%+1!2%+(+21&()>&!&+(/,!1.!*)89+8./&72&42&!+(&!1%.3-%1!

1.!D&!&7'&2)+//,!)*'.(1+41!0.(!1%&!&*&(-&42&!.0!+8+'1)C&!7.2)+/!(&7'.47&7!)4!+83/1%..8!:A&//)7!&1!+/<?!GHKbI!

^+48&(72%3(&4?!=2%1&(D&(-!R!$(&>>+?!GHKSI!N3(F&!&1!+/<?!GHK#;!.4&!*)-%1!&5'&21!1%+1!4.497.2)+/!

(&7'.47&7!6.3/8!D&!(&/+1)C&/,!/&77!7&47)1)C&!1.!1%&!&483()4-!)*'+21!.0!7.2)+/!8&'()C+1).4!)4!+8./&72&42&<!!

=/1%.3-%!7'&23/+1)C&?!1%&(&!)7!7.*&!73''.(1!0.(!1%)7!'.7)1).4<!!\.(!&5+*'/&?! +!(&2&41!*&1+9+4+/,7)7!

)48)2+1&8!1%+1!1%&!&00&217!.0!7.2)+/!)7./+1).4!(&+()4-!)4!&5'/.(+1).49D+7&8!1&717!.0!+45)&1,!:LAM?!.'&4!0)&/8!

+48!/)-%198+(F!1&717;!+(&!*.8&71!+1!D&71!+48!73D]&21!1.!+!'3D/)2+1).4!D)+7I!M.%+**+8!&1!+/<?!GHKS;<!!LC&4!

*.(&!1&//)4-?!(+17!&5'.7&8!1.!7.2)+/!)7./+1).4!0(.*!AUGG!1.!AU"W!0.//.6&8!D,!(&97.2)+/)>+1).4!1%(.3-%!1.!

1&71)4-!)4!+83/1%..8!:AU!##g;!8)7'/+,&8!4.(*+/!/&C&/7!.0!D&%+C).(+/!8&0&47)C&4&77!)4!1%&!.'&4!0)&/8?!LAM!

+48!BAN$!D31!+D4.(*+/?!'.1&41)+//,!*+/+8+'1)C&!7.2)+/!D&%+C).(7!)4!1%&!7.2)+/!)41&(+21).4!+48!(&7)8&41!

)41(38&(!1&717!:C+4!8&4!N&(-!&1!+/<?!KYYYI!E./7.4!&1!+/<?!KYYK;<!![&-+(8/&77!+7!1.!6%,!@!8)8!4.1!.D7&(C&!

*+)4!&00&217!.0!7.2)+/!)7./+1).4!+/.4&?!1%)7!0+21.(!2/&+(/,!)40/3&42&8!1%&!/+71)4-!)*'+21!.0!@AB!.4!(+17X!

.'&4 9+(*!&5'/.(+1).4!+48!1%&7&!&00&217!6&(&!4.1!2.*'/&1&/,!(&C&(7&8!+01&(!G#!8+,7!.0!(&97.2)+/)>+1).4<!

!"#"I$0J=*'&+6$/ *(&8??C$@*)'34$A89'$9*$-./$&+$G &47K4*?3'(3+(3$0+E8+(34$A3'&?&3+(3$$

! Z.41)43.37/,!'+)(!%.37&8!+83/1!(+17!6)1%!+!%)71.(,!.0!@AB!)4!*)89+8./&72&42&!8)7'/+,&8!+!*+(F&8!

(&8321).4!)4!1%&!83(+1).4!.0!1)*&!1%&,!7'&41!D3(,)4-!1%&!&/&21()0)&8!'(.D&!)4!1%&!BAN$<!!=/1%.3-%!

34&5'&21&8?!1%)7!0)48)4-!+/)-47!6)1%!1%&!)8&+!1%+1!71(&77!)4!&+(/,!/)0&!2+4?!+1!/&+71!)4!7.*&!)471+42&7?!/&+8!1.!

&4%+42&8!(&7)/)&42&!:)<&<?!+45)./,1)29/)F&!(&7'.47&7;!1.!73D7&d3&41!1%(&+17!)4!/+1&(!/)0&!:E.71)4+(!&1!+/<?!

GHKbI!N&&(,!R!V+30&(?!GHKWI!=7%.F+4?!B)C+73D(+*+4)+4!R!M)1(+?!GHKSI!P,.47!&1!+/<?!GHHYI![.*&.?!
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GHKW;<!!B1(&77!%)71.(,!8)8!4.1!+/1&(!1%&!D3(,)4-!D&%+C).(!.0!(+17!)4!1%&!.1%&(!%.37)4-!2.48)1).47?!D.1%!.0!

6%)2%!6&(&!7)4-/&!%.37&8!83()4-!1%&!71(&77!&5'.73(&!'&().8<!!$%37?!'+)(&8!%.37)4-!+1!1%&!1)*&!.0!71(&77!)4!

+8./&72&42&!*)-%1!D&!4&2&77+(,!0.(!1%&!8&C&/.'*&41!.0!&4%+42&8!(&7)/)&42&!1.!73D7&d3&41!71(&77.(7<!!

=/1%.3-%!7'&23/+1)C&?!1.!1%&!D&71!.0!*, !F4.6/&8-&?!+//!&5)71)4-!(&'.(17!.0!&4%+42&8!(&7)/)&42&!)4!

+83/1%..8!0.//.6)4-!71(&77!)4!+8./&72&42&!31)/)>&8!(+17!1%+1!6&(&!7.2)+//,!%.37&8!1%(.3-%.31!1%&!

&5'&()*&41!:Z%+D,!&1!+/<?!GHKWI!V&48)-!&1!+/<?!GHKKI!B3.!&1!+/<?!GHK"I!h.7%)?!P&7/)&!R!A&((.1?!GHK#;<!!\.(!

&5+*'/&?!(&/+1)C&!1.!4.971(&77!2.41(./!(+17?!(+17!&5'.7&8!+/.4-!6)1%!1%&)(!2+-&!*+1&7!:b!(+17O2+-&;!1.!+!1&71!

+(&4+!2.41+)4)4-!+!D+//!.0!2+1!03(!0.(!"H!*)47!&C&(,!.1%&(!8+,!+2(.77!*)8O/+1&!+8./&72&42&!:AU!"" 9W#;!

73D7&d3&41/,!8)7'/+,&8!%)-%&(!/&C&/7!.0!7.2)+/!)41&(+21).4!6)1%!+!4.C&/!2.47'&2)0)2!+48!/.6&(!/&C&/7!.0!

)**.D)/)1,!)4! +!0.(2&8!76)*!1&71!)4!+83/1%..8!:AUSK9##I!V&48)-!&1!+/<?!GHKK;<!!@41&(&71)4-/,?!&5'.73(&!1.!

2+1!03(!&/)2)1&8!%)-%!/&C&/7!.0!%388/)4-!D&%+C).3(!:6%&(&D,!"!.(!+//!b!.0!1%&!(+17!%388/&8!2/.7&/,!1.-&1%&(I!

V&48)-!&1!+/<?!GHKK<!!$%)7!8&0&47)C&!(&7'.47&!)7!1%.3-%1!1.!(&832&!1%&!()7F!.0!'(&8+1).4!0.(!+4,!7)4-/&!

)48)C)83+/!6)1%)4!1%&!%388/&!:`)7%)*3(+?!GHHGI!@4*+47!R!V(&D7?!KYT#;?!+48!%+7!D&&4!/)4F&8!1.!7.2)+/!

D300&()4-!)4!+83/1!(+17!:V&48)-!&1!+/<?!GHKKI!N.6&4!&1!+/<?!GHK"?!D31!7&&!N.6&4!&1!+/<?!GHKG;<!!@41&(&71)4-/,?!

+4.1%&(!7138,!0.348!1%+1!6%&4!b!(+17!:2+-&9*+1&7;!6&(&!&5'.7&8!1.-&1%&(!1.!&)1%&(!D()-%1!/)-%1!.(!2+1!03(!

1%&,!8)7'/+,&8!8(+*+1)2!)42(&+7&7!)4!%388/)4-!D&%+C).(?!D31!7.2)+/!'(.5)*)1,!6+7!4.1!+/1&(&8!6%&4!'+)(7!

.0!(+17!6&(&!2.9&5'.7&8!1.!1%&7&!7+*&!71(&77.(7!:N.6&4!&1!+/<?!GHKG;<!!$%)7!*)-%1!&5'/+)4!6%,!'+)(9%.37&8!

(+17!1%+1!6&(&!2.9&5'.7&8!1.!2+1!.8.(!71(&77!0.(!"H!*)4!&C&(,!.1%&(!8+,!)4!*)89+8./&72&42&!:AU!"T9bS;!

-&4&(+//,!8)7'/+,&8!&4%+42&8!+45)&1,9(&/+1&8!(&7'.47&7!)4!+83/1%..8!:AU!SHgI!J( )-%1?!EiD&(1!R!A&((.19

B)4+/?!GHHTI!J()-%1?!M3)(?!R!A&((.1?!GHKG+I!J()-%1?!M3)(?!A&((.1?!GHKGD;<!!!

! =4.1%&(!&/&-+41!7138,!0.348!1%+1!(+17!'(&C).37/,!&5'.7&8!1.!'(&8)21+D/&!2%(.4)2!*)/8!71(&77!:W!*)4!

(&71(+)41O8+,;!+2(.77!+8./&72&42&!:AU!GT9WS;!6&(&!(&7)/)&41!1.!1%&!8&'(&77.-&4)29!+48!+45).-&4)29/)F&!
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&00&217!.0!73D7&d3&41!2%(.4)2!34'(&8)21+D/&!71(&77!:ZfB;!)4!+83/1%..8!:AU!S"9T"I!B3.!&1!+/<?!GHK";<!N,!
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$
$ =`Q^=!(&C&+/&8!4.!*+)4!&00&217!.0!B1(&77!.(!U(3-?!.(!B1(&77!5!U(3-!)41&(+21).47!.4!+4,!.0!1%&!

BAN$!C+()+D/&7!.0!)41&(&71!:+//!! X7!w!<HWI!7&&!$+D/&!"<G;<!!!

!
R8H?3$I"!"$/E*(2$.D*H3$W)DC&+6$W3E81&*D<!M&+4!:gO9BLM;!D&%+C).3(7!)4!1%&!B%.2F!A(.D&!N3(,)4-!1&71!
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I" I "I$K<=E398<&+3$-+4)(34$5*(*<*9*D$K(9&1&9C$R3'9$

$ $%&(&!6&(&!4.!*+)4!&00&217!.0!B1(&77!.(!U(3-!.(!B1(&77!5!U(3-!)41&(+21).47!.4!1.1+/?!/.6&(?!.(!

3''&(!43*D&(!.0!D&+*!D(&+F7!)4!&)1%&(!1%&!E+D)13+1).4!:+//!! X7!w!<"W;!.(!1%&!B+/)4&!:+//!! X7!w!<HT;!'%+7&7!

:$+D/&7!"!+48!b?!(&7'&21)C&/,;<!
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! $(&+1*&41!
! `.!MVTHK ! MVTHK!
! Z.41(./7!

:4rKH;!
@AB!

:4rKH;!
Z.41(./7!

:4r#; !
@AB!

:4rT; !
U3(+1).4!.0!N3(,)4-! "bW<#T!

:bS<"";!
"TW<W"!
:bS<"b;!

b"#<Y"!
:WW<"#;!

"YH<bK!
:WK<TK;!

U3(+1).4!.0!@**.D)/)1,! H<GT!
:G<GH;!

G<SW!
:G<GH;!

H<Y#!
:G<S";!

T<HW!
:G<bS;!

$.1+/!`3*D&(!.0!B%.2F7! K<YH!
:H<GG;!

K<"H!
:H<GG;!

K<TS!
:H<GS;!

K<WS!
:H<GW;!

M&+4!B%.2F![&+21)C)1,! G<"T!
:H<GG;!

G<WH!
:H<GG;!

G<GK!
:H<G#;!

K<Y#!
:H<GW;!
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U+1+!0(.*!1%&!=*'%&1+*)4&!'%+7&!+(&!8&')21&8!\)-3(&!b<!=4+/,7)7!.0!1%&!1.1+/!43*D&(!.0!D&+*!

D(&+F7!:3''&(!+48!/.6&(?!2.*D)4&8;!(&C&+/&8!+!7)-4)0)2+41!*+)4!&00&21!.0!B1(&77!:H:K?"K;!r!#<YY?!! !r!<HHT?!

! E+D)13+1).4!
! `.!MVTHK ! MVTHK!
! Z.41(./ !

:4rKH;!
@AB!

:4rKH;!
Z.41(./ !
:4r#; !

@AB!
:4rT; !

$.1+/!N&+*!N(&+F7! KKGH<#H!
:Y"<Kb;!

KGK#<WH!
:SG<HK;!

KGK"<WH!
:KKK<#W;!

KGSG<bb!
:KHb<G#;!

P.6&(!N&+*!N(&+F7! YKY<GH!
:#W<TH;!

YYH<YH!
:bT<KK;!

KHHY<Sb!
:SY<TH;!

KH"b<WS!
:TW<"Y;!

f''&(!N&+*!N(&+F7! GHK<WH!
:KT<"";!

GGS<SH!
:G#<SK;!

GH"<TS!
:bS<HY;!

GG#<TT!
:GG<H#;!

! B+/)4&!
! `.!MVTHK ! MVTHK!
! Z.41(./ !

:4rKH;!
@AB!

:4rKH;!
Z.41(./ !
:4r#; !

@AB!
:4rT; !

$.1+/!N&+*!N(&+F7! #bb<HH!
:SW<K#;!

T"H<#H!
:WY<bK;!

#"S<GK!
:KGG<#S;!

TKS<Yb!
:b"<H#;!

P.6&(!N&+*!N(&+F7! SbK<YH!
:WY<KW;!

SY"<KH!
:WH<bG;!

SGb<#K!
:YY<Y";!

S#b<"K!
:G#<HK;!

f''&(!N&+*!N(&+F7! KHG<KH!
:KK<YS;!

K"#<SH!
:KW<KS;!

KKK<WH!
:GW<YH;!

KbG<S"!
:GK<Y#;!
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1&71I!*&+4!8)00&(&42&!rTT<KT?!BLM!r!"G<b#?!'!r!<HG?!YWv!Z@!r!GY<KG?!KbY<GK;<!$%&(&!6&(&!4.!B1(&77!5!

U(3-!)41&(+21).47!)4!1%&!=*'%&1+*)4&!'%+7&!:+//!! X7!w!<Gb;<!!

I" I "L"$M*DD3?89&*+$W39N33+$; =3+7KD<$0J=?*D89&*+$8+4$KG.@7-+4)(34$5*(*<*9&*+ $

! =!.4&91+)/&8!A&+(7.4X7!(!2.((&/+1).4!2.&00)2)&41!6+7!2.*'31&8!1.!&C+/3+1&!1%&!&$!#'(#'$&5'&21+1).4!
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@41&(&71)4-/,?!1%&!'&(2&41+-&7!.0!.'&49+(*!&41()&7!+48!.'&49+(*!1)*&!6&(&!D.1%!'.7)1)C&/,!2.((&/+1&8!6)1%!

1%&!1.1+/!43*D&(!.0!/.6&(!D&+*!D(&+F7!)4!1%&!=*'%&1+*)4&!'%+7&!:#!r!H<bW?!!$r!<HH"!+48!#$r!H<bY?!'!r!

<HHG?!(&7'&21)C&/,;<!$%)7!(&/+1).47%)'!6+7!&C)8&41!)4!@AB!:4rKTI!'&(2&41!.'&49+(*!&41()&7n!!#!r!H<bK?!! !r<HW!

+48!'&(2&41!.'&49+(*!1)*&n!#$r!H<bb?!!$r!<H";!D31!4.1!1%&!4.971(&77!2.41(./!:4rK#I!'&(2&41!.'&49+(*!
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:.'&4!2)(2/&7;!(+17<!!!!

! "

#"



!

!

!

!

!

#b!
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! B&'+(+1&!0+21.(!+4+/,7)7!6+7!8.4&!0.(!1%&!4.971(&77!2.41(./!+48!@AB!-(.3'7?!(&7'&21)C&/,<!!\.(!1%&!

4. 971(&77!2.41(./7?!1%(&&!0+21.(7!&*&(-&8!)4!1%&!*.8&/?!+22.341)4-!0.(!TWv!.0!1%&!1.1+/!C+()+42&!:7&&!$+D/&!

"<W;<!!@!/+D&//&8!\+21.(!K!j+''(.+2%O+C.)8+42&!2.40/)21k?!6)1%!j+''(.+2%k!(&0/&21&8!D,!1%&!71(.4-?!'.7)1)C&!

/.+8)4-7!.0!1%&!'&(2&41+-&7!.0!.'&49+(*!1)*&O&41()&7!+48!1%&!1.1+/!43*D&(!.0!%&+8!8)'7?!+48!

j+C.)8+42&O2.40/)21k!(&0/&21&8!D,!1%&!71(.4-?!4&-+1)C&!/.+8)4-!.0!1%&!43*D&(!.0!71(&12%!+11&487<!!\+21.(!G?!

j/.2.*.1).4k?!)42/38&8!%)-%?!'.7)1)C&!/.+8)4-7!.0!D.1%!1%&!43*D&(!.0!2/.7&8!+(*!&41()&7!+48!1.1+/!+(*!

&41()&7<!!=*'%&1+*)4&9)4832&8!/.2.*.1).4!/.+8&8!'.7)1)C&/,!+48!&52/37)C&/,!.4!\+21.(!"?!+48!+7!732%!@!

/+D&//&8!)1!j(&6+(89(&/+1&8!/.2.*.1).4k<!

!

R8H?3$I"#$S8(9*D$K+8?C'&'$/ )<<8DC$>*D$Z*7/ 9D3''$M*+9D*?$A89'$

$

! \+21.(!

! K! G! " !

! =''(.+2%O=C.)8+42&!!
Z.40/)21!

P.2.*.1).4 ! [&6+(89[&/+1&8!!
P.2.*.1).4! !

A&(2&41+-&!.0!Q'&4!=(*!$)*&! <TT! ! !

A&(2&41+-&!.0!Q'&4!=(*!L41()&7!! <YS! ! !

`3*D&(!.0!Z/.7&8!=(*!L41()&7! ! <Yb! !
`3*D&(!.0!$.1+/!L41()&7! ! <YW! !

`3*D&(!.0!E&+8!U)'7! <Y"! ! !
`3*D&(!.0!B1(&12%!=11&487! 9<WT! ! !
=*'%&1+*)4&9@4832&8!P.2.*.1).4! ! ! <YY!

!

! N&%+C).3(+/!8+1+!0(.*!1%&!@AB!(+17!+/7.!,)&/8&8!+!1%(&&90+21.(!*.8&/?!+22.341)4-!0.(!T#v!.0!1%&!

C+()+42&!6)1%)4!1%)7!7+*'/&!:7&&!$+D/&!"<S;<!!E.6&C&(?!1%&!@AB!*.8&/!6+7!2%+(+21&()>&8!D,!+!d3+/)1+1)C&!
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7%)01!)4!1%&!0+21.(!/.+8)4-7<!!=*'%&1+*)4&9)4832&8!/.2.*.1).4!4.6!/.+8&8!%)-%/,!+48!'.7)1)C&/,!.41.!

\+21.(!K?!+/.4-!6)1%!*&+73(&7!.0!.'&49+(*!&5'/.(+1).4!+48!43*D&(!.0!%&+8!8)'7<!$%37?!@!(&4+*&8!1%)7!

0+21.(!q(&6+(89(&/+1&8!+''(.+2%X<!`3*D&(!.0!%&+8!8)'7!+/7.!2.9/.+8&8!.4!1.!\+21.(!G?!+/.4-!6)1%!1%&!

2/.7&8!+(*!&41()&7!+48!1.1+/!&41()&7?!1%37!71)//!(&'(&7&41)4-!q/.2.*.1).4X<!!\)4+//,?!1%&!43*D&(!.0!71(&12%!

+11&487!6+7!4.!/.4-&(!/)4F&8!1.!.'&49+(*!&5'/.(+1).4!D31!)471&+8!/.+8&8!&52/37)C&/,!+48!'.7)1)C&/,!.41.!

\+21.(!"?!6%)2%!@!/+D&//&8!q+''(.+2%O+C.)8+42&!2.40/)21X!!

!

R8H?3$I"X"$S8(9*D$K+8?C'&'$/ )<<8DC$>*D$A89'$0J=*'34$9*$-+93D<&993+9$. EC'&(8?$/ 9D3''"$

!

!

$
$
$
$
$
$
$
$
$
$
$

$ $

! \+21.(!

! K! G! " !

! [&6+(89[&/+1&8!
=''(.+2% !

P.2.*.1).4 ! =''(.+2%O=C.)8+42&!
Z.40/)21!
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(&73/17!6.3/8!-&4&(+/)>&!1.!0&*+/&7<!!=83/1!0&*+/&!(+17!6)1%!+!%)71.(,!.0!71(&77!)4!*)89+8./&72&42&!

8)7'/+,&8!*+(F&8!)42(&+7&7!)4!.'&49+(*!&5'/.(+1).4!:J)/F)4!&1<?!+/!GHKGI!P+*.41+-4&!&1!+/<?!GHGH;?!+7!

6&//!+7!)42(&+7&8!7&47)1)C)1,!1.!8(3-7!.0!+D37&!:M2Z.(*)2F?!M+1%&67?!$%.*+7!R!J+1&(7?!GHKH;<!!$%&7&!

.312.*&7!*)-%1!D&!03(1%&(!)40/3&42&8!D,!&71(.37!2,2/&!+1!1%&!1)*&!.0!1&71)4-<!!\.(!&5+*'/&?!M2Z.(*)2F!&1!

+/!:GHH#;!4.1&8!1%+1!+83/1!0&*+/&!(+17!6)1%!+!%)71.(,!.0!7.2)+/!)471+D)/)1,!71(&77!)4!+8./&72&42&!8)7'/+,&8!

%)-%&(!/&C&/7!.0!.'&49+(*!&5'/.(+1).4?!D31!.4/,!83()4-!1%&!&71(37!'%+7&!.0!1%&)(!2,2/&<!@4!-&4&(+/?!

&5'/.(+1).4!:M.(+?!U377+3D+1!R!U)+>9̂ i/)>?!KYYS;!+48!(&6+(89(&/+1&8!D&%+C).3(7!:B1&)4&(?!V+1>?!

N+/8()-%)?!R!Z+((.//?!KYTK;!)42(&+7&!83()4-!1%&!0&(1)/&?!'(.92.'3/+1.(,?!'(.&71(37O&71(37!'%+7&<!\&*+/&!(+17!

+/7.!8)7'/+,!-(&+1&(!*.1)C+1).4!1.!7&/09!+8*)4)71&(!8(3-7!.0!+D37&?!732%!+7!2.2+)4&!:P,42%?!GHHTI!P+2,?!

=371)4!R!B1()2F/+48?!GHGH;!+48!+*'%&1+*)4&!:N&2F&(?!M./&48+!+48!E3**&(?!GHHK;!6%&4!
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&71(.-&4O&71(+8)./!/&C&/7!+(&!+1!1%&)(!%)-%&71!:)<&<?!)4!'(.&71(37O&71(37;<!$%37?!)1!7&&*7!'/+37)D/&!1%+1!1%&!

/+71)4-!)*'+21!.0!*)89+8./&72&41!71(&77!.4!(&6+(89(&/+1&8!(&7'.47&7!*)-%1!D&!+22&413+1&8!)4!0&*+/&7!D,!

1%&!'%+7&!.0!1%&)(!&71(.37!2,2/&!+1!1&71)4-<!!@4!/)4&!6)1%!1%)7?!1%&!D)4-&9/)F&!)42(&+7&7!)4!732(.7&!)41+F&!

8)7'/+,&8!D,!+83/1!0&*+/&!(+17!6)1%!+!%)71.(,!.0!@AB!)4!*)89+8./&72&42&!6&(&!*.71!'(.4.342&8!83()4-!

'(.&71(37!:P+*.41+-4&?!&1!+/<?!GHGH;<!

! @1!)7!6&//!8.23*&41&8!1%+1!+/1&(+1).47!)4!(+17X!7.2)+/!2.48)1).47!)42/38)4-!7.2)+/!2(.68)4-!:V+DD+]!

&1!+/<?!GHHGI!{)-&4-!&1!+/<?!GHHb;?!7.2)+/!)471+D)/)1,!:M+1%&67?!M)//7!R!M2Z.(*)2F?!GHHT;?!7.2)+/!8&0&+1!

:N3(F&!&1!+/<?!GHK"I!N3(F&?!M2Z.(*)2F?!A&//)7!R!P3FF&7?!GHK#;!+48!7.2)+/!)7./+1).4!:h.4&7?!M+(78&4!R!

[.D)47?!KYYHI!=(+F+6+?!GHKT;!'(.832&!/.4-9/+71)4-!&00&217?!)42/38)4-!)42(&+7&8!7&47)1)C)1,!1.!

'7,2%.71)*3/+417<!!=/1%.3-%!1%&!23((&41!(+17!6&(&!7)4-/&9%.37&8!0(.*!6&+4)4-!.46+(87?!)1!7&&*7!34/)F&/,!

1%+1!1%&!0)48)4-7!(&0/&21!+88)1)C&!&00&217!.0!7.2)+/!)7./+1).4!+48!@AB<!!@4!'+(1)23/+(?!@!%+C&!4&C&(!.D7&(C&8!

+4,!&00&217!.0!7.2)+/!)7./+1).4!(&+()4-!:0(.*!AUGK!.46+(87I!B)*'7.4?!M&4+(8?![&,4./87!R!N&4)4-&(?!

GHKHI!J)/F)4!R!M&4+(8?!GHGHI!J)/F)4!&1!+/<?!GHKG;?!/)F&/,!D&2+37&!@!D()&0/,!%+48/&!*, !4. 971(&77!2.41(./!

(+17?!6%)2%!)7!F4.64!1.!'(&C&41!+48O.(!(&C&(7&!1%&!&00&217!.0!7.2)+/!)7./+1).4!:a&4172%?!P)2%171&)4&(?!

\()72%F4&2%1?!\&&(?!R!B)&-0()&8?!KYTTI!B2)./)4.!&1!+/<?!GHKH;<!!B)4-/&!%.37)4-!*)-%1!D&!+!4&2&77+(,!D31!4.1!

7300)2)&41!2.48)1).4!0.(!1%&!23((&41/,!.D7&(C&8!.312.*&7?!+7!&C)8&42&8!D,!*, !'(&C).37!0)48)4-!1%+1!

7.2)+//,!%.37&8!(+17!6&(&!(&7)/)&41!1.!1%&!/+71)4-!)*'+21!.0!@AB!)4!*)89+8./&72&42&!:J)/F)4!R!M&4+(8?!

GHGH;<!!

! @4!73**+(,?!1%&!23((&41!0)48)4-7!(&'/)2+1&!'(&C).37!0)48)4-7?!73--&71)4-!1%+1!71(&77!)4!*)89

+8./&72&42&!,)&/87!+!(.D371!)*'+21!.4!+83/1!D&%+C).3(<!!@AB!)4!*)89+8./&72&42&!/&8!1.!/.4-9/+71)4-!

)42(&+7&7!)4!D.1%!.'&49+(*!&5'/.(+1).4!+48!+*'%&1+*)4&9)4832&8!/.2.*.1).4!+48!1%&7&!C+()+D/&7!6&(&!

%)-%/,!+48!'.7)1)C&/,!2.((&/+1&8!)4!@AB!:D31!4.1!4.971(&77!2.41(./;!(+17<!\+21.(!+4+/,7)7!73''.(1&8!1%&!
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2.41&41).4!1%+1!@AB!)4!*)89+8./&72&42&!'(.*.1&8!+!d3+/)1+1)C&!7%)01!)4!(+17X!D&%+C).3(+/!'(.0)/&7?!*.C)4-!

1%&*!+6+,!0(.*!*.(&!7&23()1,92&41()2!1.6+(8!*.(&!(&6+(892&41()2!(&7'.47&7<!!B32%!+!7%)01!*)-%1!&5'/+)4?!

)4!'+(1?!6%,!+8C&(7)1,!)4!+8./&72&42&!1(+47/+1&7!1.!/+71)4-!)42(&+7&7!)4!1%&!()7F!0.(!8(3-!+D37&!:$%+('9

$+,/.(?!E+C)/+48!R!UX=*)2.?!GHHYI!$.''&(?!Z+71&//+4.79[,+4?!M+2F)&!R!Z.4(.8?!GHKK;<!!=88)1).4+/!

&5'&()*&417!+(&!4&&8&8!1.!2.40)(*!1%)7!'.77)D)/)1,<!!

! !
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K(2+*N?3463<3+9'!

m3&&4X7!f4)C&(7)1,!)7!7)13+1&8!.4!1(+8)1).4+/!=4)7%)4++D&!+48!E+38&4.7+34&&!$&(()1.(,<!E+38&4.7+34&&!

(.3-%/,!1(+47/+1&7!)41.!A&.'/&!.0!1%&!P.4-!E.37&!+48!2.47)71&8!.0!1%&!M.%+6F7?!Q4&)8+7?!Q4.48+-+7?!

Z+,3-+7?!+48!B&4&2+7!6%.!2+*&!1.-&1%&(!)4!'&+2&03/?!2.//+D.(+1).4!6)1%!.4&!+4.1%&(<!!J&!0&&/!'()C)/&-&8!

1%+1!.3(!72)&41)0)2!2.//+D.(+1).47!0.//.6!)4!1%&)(!0..171&'7<!!$%)7!6.(F!6+7!73''.(1&8!D,!+!U)72.C&(,!a(+41!

0(.*!1%&!`+13(+/!B2)&42&7!+48!L4-)4&&()4-![&7&+(2%!Z.342)/!:`BL[Z;!.0!Z+4+8+!+6+(8&8!1.!U(<!h+4&1!

P<!M&4+(8!+48!+4!`BL[Z9AaBU!+6+(8&8!1.!M&+-%+4!M+()&!J)/F)4<!!@!6.3/8!/)F&!1.!1%+4F!h&00&(,!

[.22+!0.(!%)7!+77)71+42&!6)1%!8(3-!'(&'+(+1).47!+48!1%&!348&(-(+83+1&!/+D!C./341&&(7!)4!1%&!`&3(.D)./.-,!

.0!=45)&1,!P+D!)42/38)4-n!`. 3(!m31&)7%+1!+48!Q(1&42!E.5%+!0.(!1%&)(!+77)71+42&!6)1%!1%)7!'(.]&21<!

!
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"#$%&'(!;* !
!

+,&'(-+&&',&!%#./+"$0!/&('//!+,!-+1 2$130'/"',"'!('-31'0/!&#'!
%('43,&$0!"3(&'<=!#+%%3"$-%9/!$,1!6$/30$&'($0!$-.>1$0$!+,!$!

('>+3, 2/%'"+4+"!-$,,'(: !!
!

)$#"*(#+&,,"-$."#%'(/$(*$,0'%$10&!,"#$'%$'/$!#"!&#&,'(/$*(#$!324'1&,'(/5$6'47'/8$9:9:$?$9"/&#-8$>:@:$A'/$

!#"! B:$C/,"#+',,"/,$!0D%'1&4$%,#"%%$'/$+'-E&-(4"%1"/1"$#"+(-"4%$,0"$2&%(4&,"#&4$&+D<-&4&$&/-$!#(+(,"%$&$

#"G&#-E1"/,#'1$!0"/(,D!"8$'/$!#"!&#&,'(/:$$

$

L"O$KH'9D8(9$

! L5'.73(&!1.!@AB!)4!*)89+8./&72&42&!'+(+8.5)2+//,!)42(&+7&7!(+17X!.'&49+(*!&5'/.(+1).4!6%&4!

1%&,!+(&!1&71&8?!+7!+83/17?!)4!1%&!LAM<!!$%&!'.1&41)+/!348&(/,)4-!4&3(+/!*&2%+4)7*7!0.(!1%)7!D&%+C).3(+/!

2%+4-&!(&*+)4!/+(-&/,!34F4.64<!!!$%&!23((&41!&5'&()*&41!+)*&8!1.!&51&48!*,!'(&C).37!D&%+C).3(+/!

0)48)4-7!D,!&5+*)4)4-!1%&!/+71)4-!)*'+21!.0!@AB!)4!*)89+8./&72&42&!.4!2.(1)2+/!1%)2F4&77?!4&3(.4+/!

+(D.()>+1).4!+48!8&48()1)2!7')4&!8&47)1,!)4!1%(&&!2.(1)2./)*D)2!(&-).47!)42/38)4-n!1%&!*&8)+/!'(&0(.41+/!

2.(1&5?!1%&!%)''.2+*'37?!+48!1%&!D+7./+1&(+/!+*,-8+/+<!!M+/&!+48!0&*+/&!P.4-9LC+47!(+17!6&(&!&5'.7&8!

1.!1%&!@AB!'(.1.2./!:)<&<?!0..197%.2F?!6+1&(!)**&(7).4?!+48!&/&C+1&8!'/+10.(*I!16.!1)*&7!&+2%?!(+48.*/,;!

+2(.77!*)89+8./&72&42&!:AU!"W9bS;<!![+17!6&(&!1&71&8!)4!1%&!&/&C+1&8!'/37!*+>&!)4!+83/1%..8!:AU!#";!+48!

bT9#G!%(7!+01&(!1&71)4-?!1%&)(!6%./&9D(+)4!1)773&!6+7!%+(C&71&8<!!=7!&5'&21&8?!&5'.73(&!1.!@AB!)4!*)89

+8./&72&42&!)42(&+7&8!.'&49+(*!&5'/.(+1).4!+48!(&832&8!2.(1)2+/!1%)2F4&77!6)1%)4!1%&!*A\Z<!!$%)7!

(&8321).4!)4!2.(1)2+/!1%)2F4&77!6+7!4.1!83&!1.!2%+4-&7!)4!4&3(.4+/!+(2%)1&213(&?!+7!1%&(&!6+7!4.!)48)2+1).4!

.0!71(&779)4832&8!2%+4-&7!)4!8&48()1)2!+(D.()>+1).4!.(!7,4+'1)2!7')4&!8&47)1,!)4!1%&!*A\Z<!!@4!2.41(+71?!

&5'.73(&!1.!@AB!8)8!4.1!+/1&(!1%)2F4&77!.0!1%&!8.(7+/!%)''.2+*'37!D31!)42(&+7&8!8&48()1)2!+(D.()>+1).4!.0!
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',(+*)8+/!Z="!4&3(.47<!!@AB!)4!*)89+8./&72&42&!+/7.!'(.832&8!/.4-9/+71)4-!(&8321).47!)4!1%&!2.*'/&5)1,!

.0!8&48()1)2!+(D.()>+1).4!+48!7')4&!8&47)1,!6)1%)4!1%&!NP=<!!@1!)7!'.77)D/&!1%&!@AB9)4832&8!2%+4-&7!)4!

.'&4 9+(*!&5'/.(+1).4!+(&!83&?!+1!/&+71!)4!'+(1?!1.!1%&7&!71(3213(+/!2%+4-&7!)4!1%&!NP=!+48!'(&8)7'.7&!1%&!

(+1!1.!&4-+-&!)4!(&6+(892&41()2?!+7!.''.7&8!1.!7&23()1,92&41()2?!D&%+C).3(<!!!
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L", $-+9D*4)(9&*+$

! @1!)7!6&//!+22&'1&8!1%+1!&5'.73(&!1.!71(&77!)4!&+(/,!/)0&!)42(&+7&7!1%&!()7F!0.(!'7,2%.'+1%./.-)&7!/)F&!

+45)&1,?!8&'(&77).4?!&+1)4-!8)7.(8&(7!+48!73D71+42&!37&!8)7.(8&(7!)4!/+1&(!/)0&!:E&)*!R!N)48&(?!GHKGI!

P3')&4?!M2L6+4?!a344+(!R!E)&*?!GHHYI!h+2.D,?!QC&(0&/8?!N)48&(?!R!E&)*?!GHKSI!M+4)+*!R!M.(()7?!

GHKGI!`377/.2F!R!M)//&(?!GHKW;<!!=4)*+/!*.8&/7!'(.C)8&!+!*&+47!D,!6%)2%!1.!-+)4!)47)-%1!)41.!1%&!

/+71)4-!)*'+21!.0!71(&77!&5'&()&42&8!)4!+8./&72&42&<!!=8./&72&42&!)4!(+17!)7!D(.+8/,!8&0)4&8!+7!1%&!'&().8!

.0!1)*&!0(.*!6&+4)4-!1.!+83/1%..8!:AU!GK9WY;!+48!)7!.01&4!7&-*&41&8!)41.!1%(&&!1)*&'.)417!)42/38)4-n!

&+(/,!+8./&72&42&!:AU!GK9"b;?!*)8!+8./&72&42&!:AU!"b9bS;!+48!/+1&9+8./&72&42&!:AU!b#9WYI!$)(&//)?!

P+C)./+!R!=8()+4)?!GHH";<!!J%&4!71(&77!)7!/)*)1&8!1.!.4&!.0!1%&7&!'&().87!)1!2+4!%+C&!+!8)00&(&41)+/!+48!

&483()4-!)*'+21!.4!D&%+C).3(!:J)/F)4?!J+1&(7?!M2Z.(*)2F!R!M&4+(8?!GHKG;<!!@41&(&71)4-/,?!6%&4!71(&77!

)7!(&71()21&8!1.!*)89+8./&72&42&!)1!'(.832&7!'+(+8.5)2+/!)42(&+7&7!)4!.'&49+(*!&5'/.(+1).4!:+7!(&'.(1&8!)4!

Z%+'1&(!G!+48!"I!J)/F)4!R!M&4+(8?!GHGH?!J)/F)4!&1!+/<?!GHKG;<!!$,')2+//,!)42(&+7&7!)4!.'&49+(*!

&5'/.(+1).4!+(&!)41&('(&1&8!+7!(&8321).47!)4!+45)&1,9/)F&!D&%+C).3(?!D31!*,!(&7&+(2%!8&*.471(+1&7!1%+1!

+83/1!(+17!6)1%!+!%)71.(,!.0!@AB!)4!*)89+8./&72&42&!7%.6!4.(*+/!/&C&/7!.0!7%.2F9'(.D&!D3(,)4-!73--&71)4-!

1%+1!@AB!)7!4.1!4&2&77+()/,!+/1&()4-!-/.D+/!/&C&/7!.0!+45)&1,!:J)/F)4!R!M&4+(8?!GHGH?!J)/F)4!&1!+/<?!GHKG;<!!

@4!Z%+'1&(!"?!@!7%.6&8!1%+1!71(&77!)4!*)89+8./&72&42&!)42(&+7&8!(+17X!7&47)1)C)1,!1.!+*'%&1+*)4&!)4!

+83/1%..8?!+!2%+4-&!1%+1?!0.(!@AB!(+17?!6+7!'(&8)21&8!D,!1%&)(!/&C&/7!.0!.'&49+(*!&5'/.(+1).4<!!N+7&8!.4!

1%)7!+48!.1%&(!(&2&41!0)48)4-7!:P+*.41+-4&?!J)/F)4?!M&4+(8!R!Q/*71&+8?!GHGH;?!)1!6+7!+(-3&8!1%+1!71(&77!

)4!*)89+8./&72&42&!*)-%1!D&!7%)01)4-!(+17X!D&%+C).3(+/!(&7'.47&!+6+,!0(.*!+!7&23()1,92&41()2!1.6+(8!+!

(&6+(892&41()2!'%&4.1,'&<!!$%&!4&3(+/!*&2%+4)7*7!(&7'.47)D/&!0.(!1%)7!2%+4-&!)4!+83/1!D&%+C).3(!

0.//.6)4-!&5'.73(&!1.!71(&77!)4!*)89+8./&72&42&?!(&*+)4!/+(-&/,!34F4.64<!!!
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! $%&!(.8&41!D(+)4?!/)F&!1%&!%3*+4!D(+)4?!348&(-.&7!&51&47)C&!*.('%./.-)2+/!8&C&/.'*&41!+48!(&9

.( -+4)>+1).4!83()4-!+8./&72&42&!:=48&(7&4!R!$&)2%&(?!GHHbI!B'&+(?!GHHHI!GHK"I!GHKWI!c)**&(*+4?!

[)2%+(87.4?!R!N+F&(?!GHKY;<!!L5'.73(&!1.!71(&77!83()4-!+8./&72&42&!)7!1%.3-%1!1.!*+5)*+//,!)*'+21!

(&-).47!1%+1!+(&!8&C&/.')4-!6%)/&!%+C)4-!/&77?!)0!+4,?!)*'+21!.4!.1%&(!(&-).47!1%+1!+(&!+/(&+8,!*.(&!

&71+D/)7%&8!:=48&(7&4!R!$&)2%&(?!GHHTI!N36+/8+?!a&&(8)4F?!^)8+/?!R!V../%++7?!GHKKI!P&377)7?!P+67.4?!

B1.4&?!R!=48&(7&4?!GHHT;<!!Q0!'+(1)23/+(!)41&(&71!0.(!1%&!23((&41!&5'&()*&41!+(&!2.(1)2./)*D)2!71(3213(&7?!

)42/38)4-!1%&!*&8)+/!'(&0(.41+/!2.(1&5!:*A\Z;?!1%&!8.(7+/!%)''.2+*'37!:Z=KOZ=";!+48!1%&!D+7./+1&(+/!

+*,-8+/+!:NP=;?!+7!1%&7&!D(+)4!(&-).47n!:+;!2.41)43&!1.!8&C&/.'!)4!+8./&72&42&!:B'&+(?!GHHH?!GHK"I!GHKWI!

[.*&.!R!M2L6+4?!GHH#I!c)**&(*+4?![)2%+(87.4!R!N+F&(?!GHKY;I!:D;!+(&!%)-%/,!)41&(2.44&21&8!

:Z+77&//!R!J()-%1?!KYTSI!P&U.35?!GHH#I!o+(C+7?!a.4>+/&>?!R!\+47&/.6?!GHKY;I!:2;!+(&!7372&'1)D/&!1.!1%&!

/.4- 91&(*!2.47&d3&42&7!.0!&5'.73(&!1.!71(&77!83()4-!+8./&72&42&!:E3&71.4?!Z(,+4?!R!`./+4?!GHK#I!

$.11&4%+*!R!B%&()8+4?!GHHY;I!:8;!(&-3/+1&!'&(2&'1).4!.0?!+48!D&%+C).(+/!(&7'.47&!1.?!71(&77!:P&U.35?!

GHH#I![+8/&,?!=()+7!R!B+62%&4F.?!GHHSI!B+'./7F,?!V(&,!R!M2L6&4?!KYTbI!J&)4D&(-!&1!+/<?!GHKH;I!+48!

:&;!%+C&!D&&4!/)4F&8!1.!(&6+(89(&/+1&8!D&%+C).3(!:a+31%)&(!R!$+4F?!GHKTI!A.(1&(!R!B3'/C&8+9Q(&4-.?!

GHGHI!C+4!E./71&)4?!M+2P&.8!R!\/.(&72.?!GHGH;<!!

! $%&!(+1!*&8)+/!'(&0(.41+/!2.(1&5!:*A\Z;!2+4!D&!73D8)C)8&8!)41.!1%&!+41&().(!2)4-3/+1&!:=ZZ; ?!

'(&/)*D)2!:A(P;!+48!)40(+/)*D)2!:@P;!(&-).47!:A.(1&(!R!B3'/C&8+9Q(&4-.?!GHGH;!+48!)7!(&7'.47)D/&!0.(!

2. -4)1)C&!+''(+)7+/!.0!1%&!&4C)(.4*&41!1%(.3-%!(&-3/+1).4!.0!73D2.(1)2+/!71(3213(&7!/)F&!1%&!+*,-8+/+!

:^+4$)&-%&*!R!$.11&4%+*?!GHK#;<!!$%&!*A\Z! (&-).4!+''&+(7!'+(1)23/+(/,!C3/4&(+D/&!1.!1%&!)*'+21!.0!

71(&77!83()4-!1%&!'&()'3D&(1+/O*)89+8./&72&41!'&().8?!(&/+1)C&!1.!.1%&(!71(3213(&7!732%!+7!1%&!%)''.2+*'37<!!

@4!%3*+47?!)0!1(+3*+!6+7!&5'&()&42&8!D&16&&4!Kb9KS!,(7!.0!+-&!)1!(&832&8!-(+,!*+11&(!)4!1%&!A\Z?!6)1%!

/)11/&!&00&21!.4!1%&!%)''.2+*'37!:=48&(7&4!R!$&)2%&(?!GHHT;<!!A+(+//&/!0)48)4-7!+(&!&C)8&41!)4!'(&2/)4)2+/!
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TT!

7138)&7<!!\.(!&5+*'/&?!P&377)7!+48!2.//&+-3&7!:GHHT;!8&*.471(+1&8!1%+1!7.2)+/!)7./+1).4!71(&77!+2(.77!AU!

"H9"W!8&2(&+7&8!7,4+'1.'%,7)4!/&C&/7!:+4!)48)(&21!)48&5!.0!7,4+'1)2!7')4&!8&47)1,;!)4!1%&!@P!+(&+!.0!1%&!

* A\Z ?!D31!4.1!1%&!2)4-3/+1&!2.(1&5!:Z- K;!. (!%)''.2+*'37 ?!6%&4!*+/&!(+17!6&(&!&C+/3+1&8!+01&(!+!'&().8!

.0!4.!71(&77!:)<&<?!.4!AU!SH;<!!Q1%&(!(&'.(17!(&C&+/&8!&C)8&42&!.0!8&48()1)2!+1(.'%,!)4!1%&!@P!:a./86+1&(!&1!

+/<?!GHHY;!+48!A(P!:f(D+4?!a&4-?!N+14&-+(!R!^+/&41)4.?!GHKY;!2.(1)2&7!0.//.6)4-!71(&77!)4!+8./&72&42&<!

$+F&4!1.-&1%&(?!(&73/17!732%!+7!1%&7&!73--&717!1%+1!71(&77.(7!+''/)&8!+2(.77!*)89+8./&72&42&!*)-%1!

7&/&21)C&/,!1+(-&1!1%&!71(3213(+/!)41&-()1,!.0!1%&!@P!+48!A(P!(&-).47!.0!1%&!*A\Z!6%)/&!4.1!)*'+21)4-!.1%&(!

(&-).47!/)F&!1%&!=ZZOZ-K!.(!1%&!%)''.2+*'37<!! !

! $%&!%)''.2+*'37?!6%)2%!2+4!D&!73D8)C)8&8!)41.!8.(7+/!+48!C&41(+/!(&-).47!+48!73D0)&/87!2.(43!

+**.4)7!:Z=;!(&-).47!K 9b!:)<&<?!Z=K9Z=b;?!)7!F4.64!1.!(&-3/+1&!2.-4)1)C&!+48!+00&21)C&!D&%+C).3(7?!)7!

)4C./C&8!)4!1%&!0.(*+1).4!.0!*&*.()&7!+48!)7!4&2&77+(,!0.(!&5'&()&42&9D+7&8!/&+(4)4-!:\+47&/.6!R!U.4-?!

GHKH;<!!f4/)F&!1%&!*A\Z?!1%&!%)''.2+*'37!+''&+(7!1.!D&!*.71!C3/4&(+D/&!1.!71(&77!)0!)1!.223(7!83()4-?!.(!

+1!/&+71!)42/38&7?!&+(/)&(!'&().87!)4!+8./&72&42&!:)<&<?!AU!GG9""!+7!'&(!$)(&//)!&1!+/<?!GHH";<!!\.(!&5+*'/&?!

@7-.(!+48!2.//&+-3&7!:GHHb;!0.348!1%+1!(+17!&5'.7&8!1.!2%(.4)2?!C+()+D/&!71(&77!+2(.77!&+(/,!1%(.3-%!/+1&!

+8./&72&42&!:AU!GT9WT;!7)-4)0)2+41/,!(&832&8!%)''.2+*'+/!1%)2F4&77?!(&832&8!8&48()1)2!-(.61%!)4!Z=K!

',(+*)8+/!4&3(.47?!+48!2.*'/&1&/,!71341&8!8&48()1)2!-(.61%!)4!Z="!2&//7!+01&(!"!6&&F7?!D31!4.1!Gb!%(7?!.0!

4.!71(&77!(&2.C&(,!:@7-.(!&1!+/<?!GHHb;<!!B.2)+/!)471+D)/)1,!71(&77!:)<&<?!D()&0!)7./+1).4!0.//.6&8!D,!4.C&/!2+-&!

*+1&;!+2(.77!&+(/,O*)89+8./&72&42&!:AU!"H9bW;?!8&2(&+7&8!2.41&513+/!0&+(!2.48)1).4)4-!)4!+83/1%..8!:)<&<?!

AU!#HI!M.(()77&,?!M+1%&67?!R!M2Z.(*)2F?!GHKK;!+48!'(.832&8!*.8&71!(&8321).47!)4!'(.1&)4!*+(F&(7!.0!

%)''.2+*'+/!7,4+'1)2!'/+71)2)1,!:M2Z.(*)2F!&1!+/<?!GHKG;<!!f7)4-!&5!C)C.!*+-4&1)2!(&7.4+42&!)*+-)4-?!

J+/F&(!+48!2.//&+-3&7!:GHKT;!.D7&(C&8!1%+1!C+()+D/&!71(&77!:&<-<?!(+48.*)>&8!.'&4!7'+2&!&5'.73(&?!

4.5).37!.8.(?!&/&C+1&8!'/+10.(*;!)4!&+(/,O*)89+8./&72&42&!:AU!GT9bG;!(&832&8!.'&49+(*!+21)C)1,!)4!4.49
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+--(&77)C&!1,'&!(+17!:+1!AU!Y#;<!!$%&7&!(&7&+(2%&(7!+/7.!(&'.(1&8!(&832&8!8)0037)C)1,!)4!1%&!%)''.2+*'37!

+48!A\Z!D31!4.1!1%&!+*,-8+/+!:+1!AU!K"Wg;!%.6&C&(!1%&7&!71(3213(+/!2%+4-&7!6&(&!.4/,!&C)8&41!)4!(+17!

8)7'/+,)4-!+4!+--(&77)C&!'%&4.1,'&!:J+/F&(!&1!+/<?!GHKT;?!73--&71)4-!1%+1!71(&77!83()4-!+8./&72&42&!*)-%1!

'(.832&!8)00&(&41!'%&4.1,')2!73D'.'3/+1).47!6)1%)4!6%)2%!D&%+C).3(+/!C7<!4&3(.+4+1.*)2+/!8)00&(&42&7!

2+4!D&!7138)&8<!!$+F&4!1.-&1%&(?!(&73/17!-&4&(+1&8!0(.*!(+17!&5'.7&8!1.!71(&77!)4!&+(/,!+8./&72&42&!73--&71!

1%+1!1%&!%)''.2+*'37!)7!%)-%/,!C3/4&(+D/&!1.!1%&!&483()4-!&00&217!.0!71(&77!83()4-!1%)7!1)*&<!!E.6&C&(?!)1!

(&*+)47!342/&+(!)0!71(&77!(&71()21&8!1.!*)89+8./&72&42&!6.3/8!%+C&!1%&!7+*&!/+71)4-!&00&217?!)0!+4,<!!!

! $%&!+*,-8+/+?!+!(&-).4!'()*+()/,!(&7'.47)D/&!0.(!8&1&21)4-!&4C)(.4*&41+/!)40.(*+1).4!+48!

)4)1)+1)4-!'%,7)./.-)2+/!(&7'.47&7!1.!1%(&+17!:U+C)7!R!J%+/&4?!GHHKI!^+4!$)&-%&*!R!$.11&4%+*?!GHKT;?!

2+4!+/7.!D&!8)C)8&8!)41.!73D(&-).47!)42/38)4-!1%&!73'&(0)2)+/?!*&8)+/!+48!D+7./+1&(+/!:NP=;!432/&)<!!$%&!

2&41(.*&8)+/!+*,-8+/+!%+7!D&&4!/)4F&8!1.!(&6+(8!7+/)&42&!:A(,2&?!GHKT;?!6+41)4-!.0!(&6+(8!:M+%/&(!R!

N&(()8-&?!GHHYI!M+%/&(!R!N&((8)-&?!GHKG;!+48!+''&1)1)C&!/&+(4)4-!83&?!+1!/&+71!)4!'+(1?!1.!)17!2.44&21).47!

6)1%!1%&!71()+13*!:V./+8+!&1!+/<?!GHK#;<!!$%&!NP=!)7!71(.4-/,!2.44&21&8!1.!1%&!'(&0(.41+/!2.(1&5!:V./+8+!&1!

+/<?!GHK#I!o)>%+(!R!V/+C)(?!GHKT;!+48!%+7!D&&4!)*'/)2+1&8!)4n!+77.2)+1)C&!/&+(4)4-!)4C./C)4-!&*.1).47!

732%!+7!0&+(!:\&47/.6!R!P&U.35?!KYYY;I!+48!*&*.(,!2.47./)8+1).4!1%(.3-%!)41&(+21).47!6)1%!.1%&(!D(+)4!

(&-).47!/)F&!1%&!%)''.2+*'37!:Z+%)//!R!M2a+3-%?!KYYT;<!!P)F&!1%&!%)''.2+*'37?!)1!+''&+(7!1%+1!1%&!

+*,-8+/.)8!2.*'/&5!)7!7&47)1)C&!1.!1%&!/.4-9/+71)4-!&00&217!.0!71(&77!)4!&+(/,!+8./&72&42&<!!\.(!&5+*'/&?!

A)>.49A+(+!+48!2.//&+-3&7!:GHKY;!4.1&8!1%+1!*+/&!B'(+-3&9U+6/&,!(+17!&5'.7&8!1.!G!%(7!.0!8+)/,!(&71(+)41!

)4!&+(/,!+8./&72&42&O]3C&4)/)1,!:AU!GK9"W;!8)7'/+,&8!(&832&8!NP=!8&48()1)2!+(D.()>+1).4!+48!7')4&!

8&47)1,!+2(.77!1%&!(&*+)48&(!.0!+8./&72&42&!:)<&<?!+1!AU!"T!+48!AU!WH;!+48!&+(/,!+83/1%..8!:)<&<?!+1!AU!STI!

A)>.49A+((+!&1!+/<?!GHKY;<!!L5'.73(&!1.!+!C+()&1,!.0!71(&77.(7!83()4-!1%&!&+(/,!+8./&72&41O]3C&4)/&!'&().8!

:AU!G#?!0.(2&8!76)*I!AU!GT?!&/&C+1&8!'/+10.(*I!AU!GY?!0..1!7%.2F!.(!(&71(+)41;!(&832&8!4.C&/97&11)4-!
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&5'/.(+1).4!+48!)*'+)(&8!16. 96+,!7%311/&!+C.)8+42&!'&(0.(*+42&!)4!+83/1%..8!:$7..(,?!a31&(*+4?!R!

[)2%1&(9P&C)4?!GHHT<!!$%)7!1(&+1*&41!+/7.!8&2(&+7&8!&5'(&77).4!.0!4&3(+/!2&//!+8%&7).4!*./&23/&7!6)1%)4!

1%&!%)''.2+*'37!+48!NP=?!)48)2+1)4-!+!8)7(3'1).4!.0!4.(*+/!2&//!8&C&/.'*&41?!2&//!1.!2&//!)41&(+21).4!+48!

7,4+'1)2!'/+71)2)1,!1%+1!6+7!4.1!&C)8&41!341)/!+83/1%..8!:)<&<?!4.1!&C)8&41!+1!AU!""?!D31!&C)8&41!|AU!S"I!

$7..(,!&1!+/<?!GHHT;<!!f40.(134+1&/,?!(&7&+(2%!&5+*)4)4-!1%&!/.4-9/+71)4-!)*'+21!.0!71(&77!&5'&()&42&8!

83()4-!1%&!/+1&(!'&().8!.0!*)89+8./&72&42&!.4!1%&!71(3213(&!+48O.(!03421).4+/)1,!.0!1%&!NP=!)7!C&(,!

/)*)1&8<!!=4!&51&47)C&!7&+(2%!.0!1%&!/)1&(+13(&!(&C&+/&8!4.!'+'&(7!1%+1!&5+*)4&!1%&!&483()4-!)*'+21!.0!

71(&77!(&71()21&8!1.!*)89+8./&72&42&!.4!1%&!NP=<!!=!7138,!/..F)4-!+1!1%&!)**&8)+1&!&00&217!.0!7.2)+/!

)471+D)/)1,!71(&77!:)<&<?!8+)/,?!K%(!7.2)+/!)7./+1).4!0.//.6&8!D,!'+)()4-!6)1%!4.C&/!2+-&!*+1&!'.71!)7./+1).4;!

+''/)&8!+2(.77!1%&!&+(/,O*)89+8./&72&41!'&().8!:AU!"H9bW;!)42(&+7&8!8&48()1)2!+(D.()>+1).4!+48!7')4&!

8&47)1,!)4!1%&!+41&(.8.(7+/!*&8)+/!+*,-8+/+!D31!8&2(&+7&8!1%&7&!)48)2&7!)4!1%&!+41&(.C&41(+/!(&-).4!.0!1%&!

*&8)+/!+*,-8+/+!:E.8-&7!&1!+/<?!GHKY;<!!E.6&C&(?!1%&!1)773&!)4!1%+1!7138,!6+7!%+(C&71&8!Gb!%(7!+01&(!1%&!

&48!.0!1%&!7.2)+/!)471+D)/)1,!71(&77!&5'.73(&<!!=/1%.3-%!)1!+''&+(7!1%+1!71(&77!83()4-!&+(/,O*)8!+8./&72&42&!

&C.F&7!)**&8)+1&!2%+4-&7!)4!8&48()1)2!+(D.()>+1).4!+48!7')4&!8&47)1,!)4!1%&!+*,-8+/+?!)1!)7!4.1!F4.64!)0!

732%!&00&217!+(&!7371+)4&8!)41.!+83/1%..8<!! !

! $%&!'()*+(,!-.+/!.0!1%)7!&5'&()*&41!6+7!1.!&5+*)4&!6%&1%&(!&5'.73(&!1.!@AB!(&71()21&8!1.!*)89

+8./&72&42&!6.3/8!&C.F&!/.4-9/+71)4-!2%+4-&7!)4!*+2(.!:)<&<?!2.(1)2+/!1%)2F4&77;!+48O.(!*)2(.!:)<&<?!

8&48()1)2!+(D.()>+1).4!+48!7')4&!8&47)1,;!71(3213(&7!6)1%)4!1%&!*A\Z?!%)''.2+*'37! +48!NP=<!!M,!

&5'&21+1).47!6&(&!1%+1!@AB!)4!*)8 9+8./&72&42&!6.3/8!(&832&!2.(1)2+/!1%)2F4&77?!8&48()1)2!+(D.()>+1).4!+48!

7,4+'1)2!7')4&!8&47)1,!)4!1%&!@P!+48!A(P!(&-).47!.0!1%&!*A\Z? !D31!'&(%+'7!4.1!1%&!+41&().(!2)4-3/+1&!

:Z-K; <!!@4!2.41(+71?!7)42&!1%&!1)*)4-!.0!71(&77!37&8!)4!1%&!23((&41!7138,!)7!/+1&(!1%+4!1%&!1)*)4-!F4.64!1.!

'(.832&!&00&217!)4!1%&!%)''.2+*'37!:)<&<?!&+(/,!+8./&72&42&;?!*,!'(&8)21).4!6+7!1%+1!@AB!6.3/8! 4.1!&C.F&!
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YK!

/.4- 9/+71)4-!2%+4-&7!)4!%)''.2+*'+/!1%)2F4&77?!8&48()1)2!+(D.()>+1).4!.(!7,4+'1)2!7')4&!8&47)1,!)4!

Z=KOZ="<!!\)4+//,?!D+7&8!.4!1%&!/)*)1&8!+*.341!.0!+C+)/+D/&!/)1&(+13(&?!@!'(&8)21&8!1%+1!&5'&()&42)4-!@AB!

)4!*)8!+8./&72&42&!6.3/8! D&!+77.2)+1&8!6)1%!/.4-9/+71)4-!8&2(&+7&7!)4!8&48()1)2!+(D.()>+1).4!+48!7')4&!

8&47)1,!)4!1%&!NP=<!!

L"! $G39E*4'!

L"! ",$/)HQ3(9'$

! M+/&!:4rKY;!+48!0&*+/&!:4rGH;!P.4-9LC+47!(+17!6&(&!.D1+)4&8!0(.*!+4!)49%.37&!D(&&8)4-!

'(.-(+*!:U&'+(1*&41!.0!A7,2%./.-,?!m3&&4X7!f4)C&(7)1,;<!!=1!6&+4)4-!:AU!GK;?!(+17!6&(&!)48)C)83+//,!

%.37&8!)4!71+48+(8!A/&5)-/+7!2+-&7!:GS!5!bT!5!GH!2*;!2.41+)4)4-!6..8!2%)'7!:N&1+Z%)'7?!`LAZQI!

J+((&47D3(-?!`o;!+48!6&(&!*+)41+)4&8!.4!+!KG!%(!/)-%1!O!KG!%(!8+(F!2,2/&!:/)-%17!.4!+1!H#HH!%(7;<!=1!+//!

1)*&7?!0..8!:P+DU)&1?!AM@!`31()1).4!@41&(4+1).4+/I!N(&416..8?!MQ;!+48!6+1&(!6+7!+C+)/+D/&!+8!/)D)13*<!!

=//!'(.2&83(&7!6&(&!2.48321&8!)4!+22.(8+42&!6)1%!1%&!-3)8&/)4&7!.0!1%&!Z+4+8)+4!Z.342)/!.4!=4)*+/!

Z+(&!+48!6&(&!+''(.C&8!D,!1%&!m3&&4X7!f4)C&(7)1,!=4)*+/!Z+(&!Z.**)11&&<!!!

L","!$/9D3''$A36&<3+$8+4$W3E81&*)D8?$R3'9&+6$

=1!6&+4)4-!:AU!GK;?!(+17!6&(&!(+48.*/,!+77)-4&8!)41.!.4&!.0!16.!1(&+1*&41!2.48)1).47n!Z.41(./!

:*+/&7?!4rYI!0&*+/&7?!4rKH;!.(!@AB!:*+/&7?!4rKHI!0&*+/&7?!4rKH;<!!@AB!(+17!6&(&!&5'.7&8!1.!1%&!@AB!

'(.1.2./!8&72()D&8!)4!8&1+)/!&/7&6%&(&!:Z%+'1&(!G?!J)/F)4!&1!+/<?!GHKGI!J)/F)4!R!M&4+(8?!GHGH;<!!N()&0/,?!

@AB!1(&+1&8!(+17!6&(&!&5'.7&8!1.!1%(&&!71(&77.(7n!6+1&(!)**&(7).4!:(+17!6&(&!)**&(7&8!)41.!+!6+1&(!D+1%!

1)1(+1&8!1.!GbsZ!+48!+!8&'1%!.0!KH9KG!2*!0.(!bW!*)47!)4!'./,C)4,/!13D&7;?!&/&C+1&8!'/+10.(*!&5'.73(&!

:)48)C)83+/!(+17!6&(&!'/+2&8!.4!+!KW!5!KW!2*!'/+10.(*!6%)2%!6+7!'/+2&8!+1.'!+!KH!5!KH!5!KHH!2*!1.6&(!

0.(!"H!*)47;?!+48!0..197%.2F!:)48)C)83+//,?!(+17!6&(&!'/+2&8!)41.!+4!.'&(+41!2%+*D&(!:GY!5!GG!5!GH!2*?!
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M&8!=77.2)+1&7!@42<?!B1<!=/D+47?!^$I!&d3)''&8!6)1%!+!-()8!0/..(!6%)2%!8&/)C&(&8!1%(&&!*)/8!:H<S!*=;?!"!

7&2!0..197%.2F7?!(+48.*/,!.C&(!+!W!*)4!&5'.73(&!'&().8;<!!L+2%!71(&77.(!6+7!+''/)&8!16.!1)*&7!&+2%?!0.(!+!

1.1+/!.0!7)5!71(&77!&5'.73(&!7&77).47!(+48.*/,!8)71()D31&8!+2(.77!1%&!KG98+,7!)4!*)8 9+8./&72&42&!:AU!"W9

bS;<!!$.!*)4)*)>&!'.1&41)+/!%+48/)4-!&00&217?!+-&!*+12%&8?!4.971(&77!2.41(./!(+17!6&(&!D()&0/,!%+48/&8!.4!

71(&77!+''/)2+1).4!8+,7!+48!1.!*)4)*)>&!'(&8)21+D)/)1,?!6%&(&C&(!'.77)D/&?!+''/)2+1).47!.0!71(&77!:)<&<?!@AB;!

.(!%+48/)4-!:)<&<?!Z.41(./;!.223((&8!&)1%&(!)4!1%&!*.(4)4-!:HYHH9KG"H!%(7;!.(!)4!1%&!+01&(4..4!:K"HH9KS"H!
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Figure 1: Experimental Timeline 
 

 

 
 
 
 
 
 
 
 
 
Figure 1: Summary of the experimental design starting at weaning (WEAN), through intermittent physical stress (IPS) treatment (black bar), no-stress recovery period, behavioural 
testing in the elevated plus maze (EPM) and the start of histological processing (grey arrow). White bars indicate where rats were left undisturbed in the colony except for regular 
cage maintenance and health checks. Histology commenced with whole tissue collection 48-72hrs after testing in the EPM and lasted approximately 7 weeks. Note: Postnatal day 
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Figure 5: Example cell used for synaptic spine density and visual representation of synaptic spine density 
sampling.  
 

 
 
  
 

 

 

 

 

 

 

 

 

 

 

Figure 5. Example of synaptic spine density measurement method at 40X magnification.  
Synaptic spine density was counted by placing a 50x50 micron box (A) at four locations along 
the apical and basal dendritic processes (B)  including: apical dentrite, distal sample (AD), apical 
dendrite, proximal sample (AP), basal dendrite, distal sample (BD) and basal dendrite, proximal 
sample (BP) as depicted in the line drawing (right; not to scale) by placing a 50x50µm box over 
each region (left; white box to scale 50µm). 

  

A B 

50µm 



!

!

!

!

!

KH"!

34)d3&?!)48&'&48&41!/)11&(7n!M+/&OZ.41(./!:4r#;?!M+/&O@AB!:4r#;?!\&*+/&O!Z.41(./!:4r#;?!\&*+/&O@AB!

:4r#;<!!U&72()'1)C&!+4+/,7)7!:)<&<;!6+7!2.48321&8!1.!&C+/3+1&!1%&!4+13(&!.0!&+2%!8+1+!7&1!+48!.31/)&(7!6&(&!

&C+/3+1&8!37)4-!a(3DD7!1&71!:)<&<?!D+7&8!.4!>972.(&7O71+48+(8!8&C)+1).4;<!@8&41)0)&8!.31/)&(7!6&(&!(&*.C&8!

0(.*!1%&!8+1+!7&1!'().(!1.!+4+/,7)7<!!@4!+88)1).4?!)0!%+(C&71&8!1)773&!6+7!8+*+-&8!83()4-!%)71./.-)2+/!

'(.2&77)4-!+48O.(!71+)4&8!1)773&!0+)/&8!1.!*&&1!2()1&()+!0.(!03(1%&(!+4+/,7)7!1%+1!8+1+!6+7!+/7.!(&*.C&8!

0(.*!1%&!8+1+!7&1!'().(!1.!+4+/,7)7?!+7!)48)2+1&8!)4!8&1+)/!D&/.6<!!!!!

! ^3&6E9"!!=//!(+17!6&(&!6&)-%&8!+1!0.3(!1)*&!'.)417!+2(.77!1%&!&5'&()*&41!+48!1%&!8+1+!6&(&!

&C+/3+1&8?!37)4-!+!(&'&+1&8!*&+73(&7?!*)5&8!*.8&/!=`Q^= !6)1%!$)*&'.)41!:)<&<?!6&+4)4-?!'(&971(&77?!

'.71971(&77?!+48!+01&(!LAM!1&71)4-;!+7!1%&!6)1%)4!73D]&217X!C+()+D/&!+48!$(&+1*&41!:Z.41(./!C7<!@AB;!+48!

B&5!:M+/&!C7<!\&*+/&;!+7!1%&!D&16&&4!73D]&217X!C+()+D/&7<!M+32%/&,X7!1&71!.0!7'%&()2)1,!6+7!C)./+1&8!7.!

a(&&4%.37&9a&)77&(!2.((&21).47!6&(&!37&8!6)1%!-*!(.348&8!1.!1%&!4&+(&71!6%./&!43*D&(<!!$.!0.//.6!3'!

0.3(?!)48&'&48&41?!G!:$(&+1*&41n!Z.41(./!C7<!@AB;!5!G!:B&5n!M+/&!C7<!\&*+/&;!=`Q^=7!6&(&!2.48321&8!

6)1%)4!&+2%!1)*&'.)41!1.!&473(&!1%+1!&5'.73(&!1.!@AB!8)8!4.1!4&-+1)C&/,!)*'+21!-&4&(+/!-(.61%!+2(.77!

8&C&/.'*&41<!=7!1%&(&!6&(&!4.!*+)4!&00&217!.0!$(&+1*&41!.(!$(&+1*&419(&/+1&8!)41&(+21).47!:+//!! X7!w!<HW;!

1%)7!8+1+!6+7!4.1!)42/38&8!)4!1%&!0)4+/!(&73/17!7&21).4!D31!)7!73**+()>&8!)4!$+D/&!b<K<!!!!

! !

! !



!

!

!

!

!

KHb!

R8H?3$L","$^3&6E9$[8&+$K(D*''$0J=3D&<3+98?$R&<3?&+3"!!M&+4!:gO9!BLM;!6&)-%17!:-(;!)4!*+/&!+48!

0&*+/&!(+17!&5'.7&8!1.!)41&(*)11&41!'%,7)2+/!71(&77!:@AB;!.(!4.971(&77!2.41(./!2.48)1).47!+2(.77!1%&!0.3(!F&,!

1)*&'.)417!)4!1%&!&5'&()*&41<!!!

!

!

!

!

!

!

!

!

!

!

! 0?318934$.?)'$G8B3$W3E81&*)D"!!̂ +()+D/&7!.0!)41&(&71!)4!1%&!LAM!:)<&<?!1%&!'&(2&41+-&7!.0!.'&49

+(*!&41()&7!+48!1)*&?!1%&!43*D&(!.0!2/.7&89+(*!&41()&7!+48!1%&!1.1+/!43*D&(!.0!&41()&7!*+8&!)41.!+4,!+(*;!

6&(&!&C+/3+1&8!37)4-!+!G!:$(&+1*&41n!Z.41(./!C7<!@AB;!5!G!:B&5n!M+/&!C7<!\&*+/&;!=`Q^=<!!@4!)471+42&7!

6%&(&!1%&!+773*'1).4!.0!%.*.-&4&)1,!.0!C+()+42&!6+7!C)./+1&8!:)<&<?!P&C&4&X7!! x<HW;?!D..171(+''&8!4.49

'+(+*&1()2!191&717!6&(&!37&8!1.!2.40)(*!'().(!+4+/,7&7<!

$ M*D9&(8?$RE&(2+3''"$$@48&'&48&41?!G!:$(&+1*&41n!Z.41(./!C7<!@AB;!5!G!:B&5n!M+/&!C7<!\&*+/&;!

=`Q^= 7!6&(&!2.48321&8!1.!&C+/3+1&!6%&1%&(!.(!4.1!&5'.73(&!1.!@AB!)4!*)89+8./&72&42&!8&2(&+7&8!1%&!

1%)2F4&77!:+C&(+-&8!+2(.77!%&*)7'%&(&7;!)4!"!(&-).47!.0!1%&!*A\Z!:Z-K?!A(P?!@P;<!!$%)7!'(.2&77!6+7!

(&'&+1&8?!37)4-!1%&!7+*&!7+*'/&7?!0.(!1%&!8.(7+/!%)''.2+*'37<!!U3&!1.!)17!/.2+1).4!+48!/+2F!.0!2.42(&1&!

! ! a(.3' !

! ! M+/&7! ! \&*+/&7!

$)*&'.)41 ! ! Z.41(./!
:4r#; !

! @AB!!!
:4r#; !

! Z.41(./!
:4r#; !

! @AB!!
:4r#; !

J&+4)4-! ! b"<KH!
:G<KT;!

! bS<HT!
:G<b#;!

! b"<W#!
:G<"S;!

! bS<GK!
:G<GW;!

A(&971(&77! ! K"G<GH!
:#<WS;!

! K"S<YG!
:b<YY;!

! KKW<b"!
:b<HS;!

! KKT<WH!
:S<W#;!

A.71971(&77! ! GGG<TH!
:KG<#T;!

! GGK<WH!
:T<TG;!

! KWK<Y"!
:S<bH;!

! KSW<Y"!
:#<YT;!

A.7191&71)4-! ! "TK<TH!
:GH<#T;!

! "TK<HT!
:KS<bS;!

! G"W<#K!
:W<#b;!

! GbK<GY!
:Y<"K;!



!

!

!

!

!

KHW!

D.348+()&7O/+48*+(F7!6%&4!1)773&!)7!71+)4&8!C)+!1%&!a./-)9Z.5!*&1%.8?!1%)2F4&77!.0!1%&!NP=!6+7!4.1!

&C+/3+1&8<$

$ %3+4D&9&($M*<=?3J&9C$1&8$/E*??$K+8?C'&'<!!=7!+D.C&?!a./-)9Z.5!)*'(&-4+1&8!' ,(+*)8+/!2&//7!

0(.*!1%&!*A\Z?!8.(7+/!%)''.2+*'37!Z=KOZ="!+48!NP=!6&(&!+/7.!&C+/3+1&8<!!=!G!:$(&+1*&41n!Z.41(./!

C7<!@AB;!5!G!:B&5n!M+/&!C7<!\&*+/&;!=`Q^=!.4!8&48()1)2!+(D.()>+1).4!:)<&<?!2()1)2+/!C+/3&;!+48!/&4-1%!

:)<&<?!8&48()1)2!*+5)*3*;!6+7!2.48321&8!1.!&C+/3+1&!6%&1%&(!&5'.73(&!1.!@AB!(&832&8!8&48()1)2!

2.*'/&5)1,!.0!',(+*)8+/!2&//7!6)1%)4!&+2%!(&-).4!.0!)41&(&71<!!$

! %3+4D&9&($/=&+3$%3+'&9C:$$a./-) 9Z.5!)*'(&-4+1&8!',(+*)8+/!2&//7!0(.*!1%&!*A\Z?!0(.*!(&-).4!

Z="!.0!1%&!8.(7+/!%)''.2+*'37!+48!0(.*!1%&!NP=!6&(&!+/7.!&C+/3+1&8!0.(!8&48()1)2!7')4&!8&47)1,<!!Z=K!

4&3(.47!6&(&!&52/38&8!0(.*!1%)7!+4+/,7)7?!83&!1.!%)-%!+*.3417!.0!D+2F-(.348!71+)4)4-!1%+1!(&73/1&8!)4!

'..(!(&7./31).4!+1!D.1%!KHH{ !+48!bH{ !*+-4)0)2+1).4<!!=7!732%?!8&48()1)2!7')4&!8&47)1,!6+7!+4+/,7&8!37)4-!

+!G!:$(&+1*&41n!Z.41(./!C7<!@AB;!5!G!:B&5n!M+/&!C7<!\&*+/&;!=`Q^=!6)1%)4!1%&!*A\Z?!(&-).4!Z="!.0!

1%&!8.(7+/!%)''.2+*'37!+48!NP=?!(&7'&21)C&/,<!$

$
;:) !(?@ABC@! 

;:):D!'B?EFC?G!%BA@!-FH?!

! "#$%%&!'(&'!#()(*+(,!*!&-./+(!0$'+-(#!12*+(340.'#0+5!0.!)*#-*%+(&!06!-.'(#(&'7!8.9!*,,-'-0.9!

':0!#*'&!12*+(38;<9!=(>*+(38;<5!6*-+(,!'0!>*?(!*.@!(.'#-(&!-.'0!*.@!*#>&!06!'A(!>*B(9!*.,!0.(!

#*'!1=(>*+(38;<5!>*,(!0.+@!*!&-./+(!(.'#@!-.'0!*!&-./+(!*#>7!!C*'*!6#0>!'A(&(!60$#!#*'&!:(#(!

#(>0)(,!6#0>!'A(!D;2!,*'*!&('!E#-0#!'0!6$#'A(#!*.*+@&-&7!!FA-&!#(&$+'(,!-.!'A(!60++0:-./!/#0$E!

.G&H!2*+(340.'#0+!1.IJ59!2*+(38;<!1.IJ59!=(>*+(340.'#0+!1.IK59!=(>*+(38;<!1.IJ57!!



!

!

!

!

!

KHS!

! L&!M*.!%(!&((.!-.!=-/$#(!N7J9!E#()-0$&!(OE0&$#(!'0!8;<!-.!>-,P*,0+(&M(.M(!-.M#(*&(,!

*,$+'!#*'&G!0E(.P*#>!(OE+0#*'-0.!#(+*'-)(!'0!.0P&'#(&&!M0.'#0+&7!!LQRSL!#()(*+(,!*!&-/.-6-M*.'!

>*-.!(66(M'!06!F#(*'>(.'!0.!'A(!E(#M(.'*/(!06!0E(. P*#>!'->(9!1" 1T9!UT5ITV7WT9!#I7VVN9!h2I7XX5!

*.,!'A(!E(#M(.'*/(!06!0E(. P*#>!(.'#-(&9!1" 1T9!UT5IK7XX9!#I7VT9!h2I7UJ57!!FA(!E(#M(.'*/(!06!0E(.P

*#>!'->(!,*'*!*.*+@&-&!)-0+*'(,!'A(!*&&$>E'-0.!06!A0>0/(.(-'@!06!)*#-*.M(!*.,!:*&!&$%&(Y$(.'+@!

M0.6-#>(,!%@!*!.0.PE*#*>('#-M!%00'&'#*EE(,!-.,(E(.,(.'!' P'(&'!1>(*.!,-66(#(.M(!I! PUT7NU9!<D2!

I!J7WK9!#!Z!7VVK9!%00'&'#*EE(,![W\!48!I!PXJ7PN9!PJ7]T57!!FA(#(!:*&!.0!>*-.!(66(M'!06!<(O!0#!<(O!

O!F#(*'>(.'!-.'(#*M'-0.&!0.!'A(!E(#M(.'*/(!06!0E(.P*#>!'->(!0#!(.'#-(&!1*++!#G&^7UK5!

$%&!=`Q^=!+/7.!(&C&+/&8!+!7)-4)0)2+41!*+)4!&00&21!.0!$(&+1*&41!.4!1%&!43*D&(!.0!2/.7&89+(*!&41()&7!

:H:K?!GK;rKT<HW?!! x<HHK?!! 2r<bS;!+48!1%&!1.1+/!43*D&(!.0!&41()&7!:H:K?!GK;rY<"H?!! r<HHS?!! 2r<"K;?!6)1%!

@AB!&5'.7&8!(+17!*+F)4-!0&6&(!&41()&7!:)<&<?!D.1%!2/.7&8!+48!1.1+/;!(&/+1)C&!1.!4.971(&77!2.41(./!(+17!:7&&!

$+D/&!b<G;<!!FA(#(!:*&!.0!>*-.!(66(M'!06!<(O!0#!<(O!O!F#(*'>(.'!-.'(#*M'-0.&!0.!(-'A(#!'A(!.$>%(#!

06!M+0&(,!*#>!(.'#-(&!0#!'A(!'0'*+!.$>%(#!06!(.'#-(&!,-&E+*@(,!%@!#*'&!1*++!#G&^7JU57!

!



!

!

!

!

!

KH#!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

S&6)D3$L"X"$;=3+78D<$0J=?*D89&*+$&+$9E3$0?318934$.?)'$G8B3"$M&+4!:gO9!BLM;!'&(2&41+-&!.0!.'&4!
+(*!1)*&!PKY!+48!&41()&7!PWY!8)7'/+,&8!)4!1%&!L/&C+1&8!A/37!M+>&!:LAM;!D,!+83/1!*+/&!+48!0&*+/&!(+17!
'(&C).37/,!&5'.7&8!1.!)41&(*)11&41!'%,7)2+/!71(&77!:@ABI!4rKG?!8+(F!-(&,!D+(7;!)4!*)89+8./&72&42&!(&/+1)C&!
1.!2.41(./7!:4rK"?!/)-%1!-(&,!D+(7;<!!y!)48)2+1&7!! x<HHK?!z!)48)2+1&7!! x<HK<!!!$

B # 

A 
* 



!

!

!

!

!

KHT!

!
R8H?3$L"!"$5*(*<*9*D$W3E81&*)D$&+$9E3$0?318934$.?)'$G8B3"!B3**+(,!.0!*&+4!:gO 9!BLM;!0(&d3&42,!

.0!/.2.*.1.(! D&%+C).3(7!8)7'/+,&8!)4!1%&!&/&C+1&8!'/37!*+>&!:LAM;!0.(!+83/1!(+17!'(&C).37/,!&5'.7&8!1.!

)41&(*)11&41!'%,7)2+/!71(&77!:@AB;!)4!*)89+8./&72&42&<!!!

!

 

 

 

 

$

L"I"!$[*?6&7M*J$K+8?C'&'$

! a./-) 9)*'(&-4+1&8!',(+*)8+/!4&3(.47!6&(&!&+7)/,!)8&41)0)&8!D,!1%&)(!2%+(+21&()71)2!1()+4-3/+(!

7%+'&8!7.*+?!+')2+/!8&48()1)2!&51&47).4!1.6+(8!1%&!')+/!73(0+2&!6)1%!+')2+/!1301?!+48!43*&(.37!D+7+/!

8&48()1)2!'(.2&77&7<!!@*'(&-4+1&8!2&//7!6&(&!7+*'/&8!&d3+//,!D&16&&4!/&01!+48!()-%1!%&*)7'%&(&7<!!^)73+/!

)47'&21).4!.0!7+*'/&8!2&//7!(&C&+/&8!1%+1!)4!+//!)471+42&7?!1%&!2&//7!7+*'/&8!0(.*!0&*+/&!(+17!:(&-+(8/&77!.0!

1(&+1*&41;!+''&+(&8!7*+//&(!)4!7)>&!(&/+1)C&!1.!1%&!2&//7!7+*'/&8!0(.*!*+/&!(+17<!=!(&832&8!43*D&(!.0!

',(+*)8+/!2&//7!6&(&!1(+2&8!)4!(&-).47!Z=K!83&!1.!%)-%&(!/&C&/7!.0!2&//3/+(!.C&(/+'!)4!1%)7!(&-).4<!!@4!

+88)1).4?!+!(&832&8!43*D&(!.0!',(+*)8+/!2&//7!6&(&!1(+2&8!)4!1%&!NP=!83&!1.!/.6&(!/&C&/7!.0!+C+)/+D)/)1,!

:)<&<?!43*D&(!.0!2&//7!1%+1!*&1!2()1&()+;<!$%37?!0.(!&+2%!(+1?!+!1.1+/!.0!7)5!2&//7!0(.*!/+,&(!@@O@@@!.0!1%&!*A\Z?!

7)5!2&//7!)4!Z="!(&-).4!.0!1%&!8.(7+/!%)''.2+*'37?!0.3(!2&//7!)4!Z=K!(&-).4!+48!0.3(!2&//7!6)1%)4!1%&!NP=!

6&(&!1(+2&8<!$=!7)4-/&!D(+)4!7+*'/&!:\&*+/&O!Z.41(./;!6+7!/.71!83()4-!'(.2&77)4-<!!$%)7!(&73/1&8!)4!1%&!

0.//.6)4-!4X7!0.(!1%&!a./-)!+4+/,7)7!.0!2&//7!)4!1%&!*A\Z!+48!(&-).47!Z=KOZ="!.0!1%&!8.(7+/!

! a(.3' !

! M+/&7! \&*+/&7!
N&%+C).3(!! Z.41(./7!

:4rS; !
@AB!

:4rS; !
Z.41(./7!

:4r#; !
@AB!

:4rS; !
z!Z/.7&8!=(*!L41()&7! Y<WH!

:K<GS;!
b<S#!

:H<WS;!
T<H#!

:H<##;!
W<K#!

:H<Yb;!

z!$.1+/!=(*!L41()&7! KH<HT!
:K<HW;!

S<HT!
:H<TS;!

Y<H#!
:K<GH;!

S<WH!
:K<HY;!



!

!

!

!

!

KHY!

%)''.2+*'37n! M+/&OZ.41(./!:4r#;?!M+/&O@AB!:4r#;?!\&*+/&OZ.41(./!:4rS;?!\&*+/&O@AB!:4r#;<!!@4!1%&!2+7&!

.0!1%&!NP=?!7&C&(+/!7+*'/&7!0+)/&8!1.!,)&/8!2&//7!1%+1!*&1!2()1&()+<!!$%)7!(&73/1&8!)4!1%&!0.//.6)4-!-(.3'!4X7!

0.(!1%&!NP=!+4+/,7)7n!M+/&OZ.41(./!:4rG;?!M+/&O@AB!:4rW;?!\&*+/&OZ.41(./!:4rS;?!\&*+/&O@AB!:4rS;<!!

\.(!&+7&!.0!'(&7&41+1).4?!1%&!(&*+)48&(!.0!1%&!(&73/17!+(&!'(.C)8&8!+22.(8)4-!1.!(&-).4!.0!)41&(&71<!!@!+/7.!

'(.C)8&!73**+(,!1+D/&!0.(!1%&!F&,!0)48)4-7!+2(.77!1%.7&!(&-).47!)4!$+D/&!b<"<!!!

!

&FIB?!;:):!/AJJFKL!MN!(?JMG?BOPQ!OP!(?QOMP@!MN!+PC?K?@C!

!

!

[&-).4!.0!@41&(&71!

@AB9@4832&8!Z%+4-&7!)4!M+/&!+48!\&*+/&![+17!

Z.(1)2+/!

$%)2F4&77!

U&48()1)2!=(D.()>+1).4! U&48()1)2!P&4-1%! U&48()1)2!

B')4&!

U&47)1,!

*A\Z ! D34)(34$ 4.!2%+4-&! 4.!2%+4-&! 4.!2%+4-&!

E)''.2+*'37! ! 4.!2%+4-&! 7$ 9! 9!

Z=K! 4O+! *+/&7n$D34)(34 

0&*+/&7n$&+(D38'34$_ 

*+/&7n!D34)(34 

0&*+/&7n!4.!2%+4-&!

4O+!

Z=" ! 4O+! *+/&7n!4.!2%+4-& 

0&*+/&7n!&+(D38'34$_!

4.!2%+4-&! 4.!2%+4-&!

NP=! 4O+! D34)(34! 4.!2%+4-&! D34)(34!

`.1&n!y!)48)2+1&7!1(&489/)F&!&00&217!! x<HS<!!

!

G34&8?$.D3>D*+98?$M*D93J$

! M*D9&(8?$RE&(2+3'':$=7!2+4!D&!7&&4!)4!\)-3(&!b<#?!+!%)71.(,!.0!@AB!83()4-!*)89+8./&72&42&!6+7!

/)4F&8!1.!(&8321).47!)4!2.(1)2+/!1%)2F4&77!.0!1%&!*A\Z!)4!+83/1%..8<!!=`Q^=!(&C&+/&8!+!7)-4)0)2+41!*+)4!

&00&21!.0!$(&+1*&41!.4!1%&!2.(1)2+/!1%)2F4&77!.0!1%&!A(P!:H:K?!G";r!b<##?!! r<Hb?!! 2r<K#;?!732%!1%+1!@AB!(+17!



!

!

!

!

!

KKH!

%+8!(&832&8!2.(1)2+/!1%)2F4&77!)4!1%)7!(&-).4!(&/+1)C&!1.!4.971(&77!2.41(./7<!!=!7)*)/+(!1(&48!6+7!4.1&8!)4!

1%&!@P!2.(1&5!D31!1%)7!6+7!.4/,!*+(-)4+//,!7)-4)0)2+41!:H:K?G";r!"<KW?!! r<HY?!!! 2 r<KG;!!$%&(&!6+7!4.!*+)4!

&00&21!.0!$(&+1*&41!.4!1%&!+C&(+-&!1%)2F4&77!Z-K!2.(1&5!:H:K?!G";rH<Y#?!! r<"b?!! 2r<Hb;<!!$%)7!+4+/,7)7!

+/7.!(&C&+/&8!4.!*+)4!&00&21!.0!B&5!.(!$(&+1*&41!D,!B&5!)41&(+21).47!.4!1%&!1%)2F4&77!)4!+4,!(&-).4!.0!

)41&(&71!:+//!! X7w<HWI!7&&!$+D/&!b<b;<!!!!

! !



!

!

!

!

!

KKK!

!

S&6)D3$L"` "$A34)(9&*+'$&+$M*D9&(8?$RE&(2+3''"!L5'.73(&!1.!)41&(*)11&41!'%,7)2+/!71(&77!:@AB;!)4!*)89
+8./&72&42&!(&832&8!2.(1)2+/!1%)2F4&77!)4!1%&!*&8)+/!'(&0(.41+/!2.(1&5!:*A\Z;!D31!4.1!1%&!2)4-3/+1&!2.(1&5!
:Z-K;<!!=83/1!*&+4!:gO9!BLM;!2.(1)2+/!1%)2F4&77!6)1%)4!1%&7&!(&-).47!.0!)41&(&71!+(&!'(&7&41&8!D,!
1(&+1*&41!-(.3'!:@ABI!4rKb?!8+(F!-(&,!D+(7!C7<!4.!71(&77!Z.41(./I!4rK"?!/)-%1!-(&,!D+(7;<!!$%&!:!y!;!
)48)2+1&7$! x<HWI!1%&!:z;!)48)2+1&7!+!1(&489/)F&!&00&21!.0!! x<HS!/:%<?!4.1!7)-4)0)2+41<!!

Figure 7:   
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Exposure to intermittent physical stress (IPS) in mid-adolescence reduced cortical 
thickness in the medial prefrontal cortex (mPFC) but not the cingulate cortex (Cg1).  Adult mean 
(+/- SEM) cortical thickness within these regions of interest are presented by treatment group 
(IPS; n=14, dark grey bars vs. no stress Control; n=13, light grey bars).  The ( * ) indicates 
p<.05, n.s., not significant.   
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Table 4.4. Cortical Thickness - Cg1 / mPFC. Mean (+/- SEM) cortical thickness (µm) for male and female rats previously exposed to 

intermittent physical stress (IPS) in mid-adolescence.   

 

Note: Cingulate Cortex (Cg1), medial prefrontal cortex (mPFC). **/boldface denotes significant treatment effects (p<.05)

  Group  

ANOVA 
  Males  Females 

Region of Interest:   Control 

(n=7) 

 IPS 

(n=7) 

 Control 

(n=6) 

 IPS 

(n=7) 

Treatment Sex Treatment x Sex 

Cg1 

Right Hemisphere  

 1405.84 

(49.82) 

 1392.76 

(45.98) 

 1433.12 

(42.94) 

 1379.81 

(19.93) 

F(1, 23)=0.64, 

p=.43 h2=.03 

F(1,23)=0.03, 

p=.86, h2=.001 

(F1,23)=0.24, 

p=.63, h2=.01 

Cg1 

Left Hemisphere  

 1433.17 

(39.29) 

 1418.20 

(46.62) 

 1455.40 

(23.93) 

 1399.53 

(27.41) 

F(1, 23)=0.95, 

p=.34 h2=.04 

F(1,23)=0.002, 

p=.96, h2=.001 

F(1,23)=0.32, 

p=.58, h2=.01 

Cg1 

Total  

 2839.00 

(80.88) 

 2810.96 

(90.02) 

 2888.53 

(44.07) 

 2779.34 

(42.98) 

F(1,23)=0.97, 

p=.34, h2=.04 

F(1,23)=0.02, 

p=.90, h2=.001 

 F(1,23)=0.34, 

p=.57, h2=.02 

mPFC 

Right Hemisphere 

 1006.28  

57.62 

 919.52 

19.98 

 982.70  

26.11  

 924.50  

36.29 

F(1,23)=3.50, 

p=.07, h2=.13 

F(1,23)=0.16, 

p=.70, h2=.007 

F(1,23)=0.85, 

p=.37, h2=.04 

mPFC 

Left Hemisphere 

 1001.11  

57.88 

 878.66  

18.36 

 981.78  

26.23 

 926.96  

27.41 

**F(1,23)=5.86, 
p=.02, h2=.20 

F(1,23)=0.58, 

p=.81, h2=.002 

F(1,23)=0.14, 

p=.72, h2=.006 

mPFC 

Total 

 2007.39  

1(14.07   

 1798.18  

(32.57) 

 1964.48  

(47.26) 

 1851.46 

(60.44) 

**F(1,23)=4.94, 
p=.04, h2=.18 

F(1,23)=0.005, 

p=.94, h2=.001  

F(1,23)=0.44, 

p=.51, h2=.02 
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 Sholl Analysis.  Data from the ventral mPFC (PrL and IL cortices, combined) and a summary of 

the analysis are provided in Table 4.5.  There was no main effect of Treatment on any measures included 

in the Sholl analysis in the mPFC (all p’s > .20).  However, the ANOVA uncovered a significant main 

effect of Sex on the arborization (critical value; F(1,23)=4.36, p=.05, h2=.16) and the length (dendritic 

maximum; F(1,23)=7.44, p=.01, h2=.24), of basal dendrites, such that female rats had lower values 

compared to males across these indices.  There were no Treatment by Sex interactions for any variables of 

interest (all p’s >.05, see Table 4.5).   

 Dendritic Spine Density.  There were no main effects of Treatment, Sex or Treatment by Sex 

interactions on dendritic spine density in the mPFC (all p’s > .05; see Table 4.6).   

 



 

 

 

 

 

114 

Table 4.5.  Dendritic Arborization and Length - mPFC. Summary of Sholl analysis conducted on pyramidal neurons of Layer II/III of mPFC 

pyramidal neurons sampled from rats exposed to intermittent physical stress (IPS) in mid-adolescence. 

 

 

 

 

 

 

 

 

 

 

Note:  */boldface denotes significant effects (p<.05) and ** (p<.01) 

 

 Treatment ANOVA 
 Males Females 
 Controls 

(n=7) 
IPS 

(n=7) 
Controls 

(n=6) 
IPS 

(n=7) 
Treatment Sex Treatment x Sex 

Apical Dendritic 
Arborization 
(Critical Value) 

297.31 
(27.31) 

291.38 
(20.28) 

262.96 
(33.01) 

326.43 
(54.77) 

F(1,23)=0.61, 
p=.44, h2=.03 

F(1,23)=0.001, 
p=.99, h2=.001 

F(1,23)=0.90, 
p=.35, h2=.04 

Apical Length 
(Dendritic Max.) 

597.86 
(45.08) 

532.14 
(48.08) 

517.50 
(86.56) 

512.86 
(65.79) 

F(1,23)=0.32, 
p=.58, h2=.01 

F(1,23)=0.65, 
p=.43, h2=.03 

F(1,23)=0.24, 
p=.63, h2=.01 

Basal Dendritic 
Arborization 
(Critical Value) 

59.55 
(3.77) 

66.96 
(3.71) 

57.13 
(2.99) 

55.94 
(1.93) 

F(1,23)=0.93, 
p=.34, h2=.04 

*F(1,23)=4.36, 
p=.05, h2=.16 

F(1,23)=1.79, 
p=.19, h2=.07 

Basal Length 
(Dendritic Max.) 

315.00 
(34.14) 

259.29 
(29.49) 

205.00 
(10.00) 

228.57 
(18.54) 

F(1,23)=0.39, 
p=.54, h2=.02 

**F(1,23)=7.44, 
p=.01, h2=.24 

F(1,23)=2.36, 
p=.14, h2=.09 
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Table 4.6. Dendritic Spine Density - mPFC.  Summary of mean (+/- SEM) spine density counts on pyramidal neurons of Layer II/III of mPFC 

within the mPFC of adult rats previously exposed to intermittent physical stress (IPS) in mid-adolescence.   

 

 
 
  

 Treatment ANOVA 
 Males Females 
 Controls 

(n=7) 
IPS 

(n=7) 
Controls 

(n=6) 
IPS 

(n=7) 
Treatment Sex Treatment x Sex 

Apical Proximal 5.64  
(1.84) 

7.64 
(1.92) 

4.92 
(1.08) 

6.93 
(1.19) 

F(1, 23)=1.59, 
p=.22, h2=.07 

F(1,23)=0.21, 
p=.66, h2=.009 

F(1,23)=0.01, 
p=.99, h2=.001 

Apical Distal 23.93 
(2.46) 

29.71 
(2.74) 

27.33 
(2.83) 

27.14 
(0.99) 

F(1, 23)=1.43, 
p=.26, h2=.06 

F(1,23)=0.03, 
p=.86, h2=.001 

F(1,23)=1.62, 
p=.22, h2=.07 

 
Apical Total 29.57 

(3.34) 
37.36 
(3.89) 

32.25 
(2.82) 

34.07 
(1.13) 

F(1, 23)=2.55, 
p=.12, h2=.10 

F(1,23)=0.01, 
p=.92, h2=.001 

F(1,23)=0.98, 
p=.33, h2=.04 

 
Basal Proximal 16.43 

(1.88) 
15.57 
(0.85) 

16.92 
(3.89) 

20.43 
(4.00) 

F(1, 23)=0.21, 
p=.65, h2=.009 

F(1,23)=0.85, 
p=.37, h2=.04 

F(1,23)=0.57, 
p=.46, h2=.02 

Basal Distal 26.29 
(3.04) 

26.43 
(2.84) 

31.75 
(4.43) 

32.43 
(2.99) 

F(1, 23)=0.02, 
p=.90, h2=.001 

F(1,23)=3.00, 
p=.09, h2=.12 

F(1,23)=0.007, 
p=.94, h2=.001 

 
Basal Total  42.71 

(3.83) 
42.00 
(3.45) 

48.67 
(7.22) 

52.86 
(6.49) 

F(1, 23)=0.11, 
p=.75, h2=.005 

 

F(1,23)=2.45, 
p=.13, h2=.10 

F(1,23)=0.21, 
p=.65, h2=.009 
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Table 4.7. Cortical Thickness – Hippocampus. Mean (+/- SEM) cortical thickness (µm) of the dorsal hippocampus for male and female rats 

previously exposed to intermittent physical stress (IPS) in mid-adolescence.   

 
  Group  

ANOVA 
  Males  Females 

Region of Interest  Control 
(n=7) 

 IPS 
(n=7) 

 Control 
(n=6) 

 IPS (n=7) Treatment Sex Treatment x Sex 

Right Hemisphere  1544.65(
14.77) 

 1530.74 
(32.86) 

 1455.48 
(42.04) 

 1516.84 
(45.29) 

F(1, 23)=0.45, 
p=.51, h2=.02 

F(1,23)=2.12, 
p=.16, h2=.08 

(F1,23)=1.13, 
p=.29, h2=.05 

 
Left Hemisphere  1491.84 

(34.63) 
 1504.27 

(27.66) 
 1462.87 

(26.53) 
 1447.04 

(34.93) 
F(1, 23)=0.003, 
p=.96, h2=.001, 

F(1,23)=1.85, 
p=.19, h2=.08 

(F1,23)=0.20, 
p=.66, h2=.01 

 
Hemisphere Average  1518.24 

(19.47) 
 1517.51 

(28.40) 
 1459.18 

(28.71) 
 1481.94 

(38.23) 
F(1,23)=0.14, 

p=.71, h2=.006 
F(1,23)=2.55, 
p=.12, h2=.10 

F(1,23)=0.16, 
p=.70, h2=.007 
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Dorsal Hippocampus  
 
 Cortical Thickness.  There were no main effects of Treatment, Sex or Treatment by Sex 

interactions on cortical thickness in the dorsal hippocampus (all p’s >.05; see Table 4.7). 

 Sholl Analysis.  Sholl analysis of dorsal hippocampal CA1 and CA3 neurons is summarized in 

Table 4.8 and Table 4.9, respectively.  ANOVA revealed that exposure to IPS in mid-adolescence 

produced long-lasting changes in the complexity of both CA1 and CA3 pyramidal neurons, but these 

changes were different for male and female rats.  This was reflected by a significant Treatment by Sex 

interaction on the CA1 apical arborization (critical value; F(1,23)=6.88, p=.02, h2=.23) and a trend-like 

interaction on the length of apical dendrites (dendritic maximum; F(1,23)=4.02, p=.06, h2=.15).  Follow 

up pairwise comparisons within Sex revealed that for male rats, exposure to IPS in mid-adolescence 

reduced arborization (i.e., trend-like effect on critical value; F(1,12)=3.16, p=.10, h2=.21) and length 

(dendritic maximum; F(1,12)=9.95, p=.008, h2=.45) of CA1 apical dendrites, relative to controls.  In 

contrast, female rats previously exposed to IPS in mid-adolescence had increased CA1 apical dendritic 

arborization (i.e., a trend-like effect on critical value; F(1,11)=4.58, p=.06, h2=.29) but no significant 

change in length (dendritic maximum; F(1,11)=0.18, p=.68, h2=.02) when compared to their no-stress 

controls.   
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Table 4.8. Dendritic Arborization and Length - CA1. Summary of Sholl Analysis conducted on pyramidal neurons within region CA1 of the 

dorsal hippocampus sampled from adult rats previously exposed to intermittent physical stress (IPS) in mid-adolescence.   

 
Note: */boldface denotes significant effects (p<.05) and ** (p<.001) 

 Treatment ANOVA 
 Males Females 
 Controls 

(n=7) 
IPS 

(n=7) 
Controls 

(n=6) 
IPS 

(n=7) 
Treatment Sex Treatment x Sex 

Apical Dendritic 
Arborization  
(Critical Value) 

182.43 
(19.72) 

132.86 
(19.70) 

100.83 
(13.07) 

140.71 
(13.11) 

F(1, 23)=0.08, 
p=.78, h2=.003 

*F(1,23)=4.67, 
p=.04, h2=.17 

**F(1,23)=6.86, 
p=.02, h2=.23 

Apical Length 
(Dendritic Max.) 

374.29 
(17.20) 

303.57 
(14.38) 

257.50 
(31.77) 

273.57 
(22.38) 

F(1, 23)=1.59, 
p=.22, h2=.07 

**F(1,23)=11.49, 
p=.003, h2=.33 

F(1,23)=4.02, 
p=.06, h2=.15 

Basal Dendritic 
Arborization  
(Critical Value) 

90.00 
(6.26)  

82.14 
(5.76) 

78.33 
(11.38) 

79.29 
(9.29) 

F(1, 23)=0.18, 
p=.68, h2=.008 

F(1,23)=0.77, 
p=.39, h2=.03 

(F1,23)=0.28, 
p=.60, h2=.01 

Basal Length 
(Dendritic Max.) 

215.00 
(26.14) 

200.00 
(6.27) 

173.33 
(18.91) 

185.71 
(17.06) 

F(1, 23)=0.005, 
p=.94, h2=.001 

F(1,23)=2.27, 
p=.15, h2=.09 

F(1,23)=0.54, 
p=.47, h2=.02 
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Table 4.9. Dendritic Arborization and Length - CA3. Summary of Sholl analysis and cell characteristics of pyramidal neurons within region 

CA3 of the dorsal hippocampus sampled from adult rats previously exposed to intermittent physical stress (IPS) in mid-adolescence.   

 
Note: */boldface denotes significant effects (p<.05).

 Treatment ANOVA 
 Males Females 
 Controls 

(n=7) 
IPS 

(n=7) 
Controls 

(n=6) 
IPS 

(n=7) 
Treatment Sex Treatment x Sex 

Apical Dendritic 
Arborization  
(Critical Value) 

217.14 
(30.16) 

178.57 
(11.38) 

159.17 
(18.63) 

170.71 
(6.94) 

F(1,23)=0.50, 
p=.49, h2=.02 

F(1,23)=2.99, 
p=.10, h2=.12 

F(1,23)=1.73, 
p=.20, h2=.07 

Apical Length 
(Dendritic Max.)  

365.71 
(27.33) 

364.29 
(14.98) 

350.38 
(20.04) 

373.57 
(11.38) 

F(1,23)=1.14, 
p=.30, h2=.05 

F(1,23)=0.10, 
p=.75, h2=.004 

F(1,23)=1.27, 
p=.27, h2=.05 

Basal Dendritic 
Arborization  
(Critical Value) 

105.00 
(10.97) 

90.00 
(3.78) 

74.17 
(8.60) 

97.86 
(6.44) 

F(1,23)=0.28, 
p=.60, h2=.01 

F(1,23)=1.98, 
p=.17, h2=.08 

*F(1,23)=5.61, 
p=.03, h2=.20 

Basal Length 
(Dendritic Max.) 

271.43 
(18.41) 

274.29 
(13.20) 

228.33 
(30.51) 

277.86 
(10.68) 

F(1,23)=1.95, 
p=.18, h2=.08 

F(1,23)=1.11, 
p=.30, h2=.05 

F(1,23)=1.55, 
p=.23, h2=.06 
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Within CA3 pyramidal neurons, there was a significant Treatment by Sex interaction on the basal dendrite 

arborization (critical value; F(1,23)=5.61, p=.03, h2=.20). Follow-up comparisons within Sex revealed 

that exposure to IPS in mid-adolescence did not significantly alter male rats’ basal dendrite arborization 

(critical value; F(1,12)=1.67, p=.22, h2=.12) but produced trend-like increases in basal dendritic 

arborization (critical value; F(1,11)= 4.28, p=.06, h2 =.28) in female rats.  

 !"#$%&'&()*+&#")!"#,&'-.   As noted earlier, it was only possible to analyze spine density in area 

CA3. There was no main effect of Treatment on any measure of dendritic spine density in that region of 

the dorsal hippocampus (all p’s > .05; see Table 4.10). There was, however, a main effect of  Sex on the 

total number of apical dendritic spines (F(1,23)=7.20, p=.01, h2=.24) and this effect was evident at the 

distal (F(1,23)=7.44, p=.01, n2=.24), but not proximal (F(1,23)=2.12, p=.16, h2=.08), portion of the 

apical dendrite.  In all three instances (total, distal, proximal), male rats had more dendritic spines than 

female rats.  There were no other main effects of Sex or Treatment by Sex interactions (all p’s>.05; see 

Table 4.10).
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Basolateral Amygdala 

! Cortical Thickness"!!As noted earlier, Golgi staining is not suitable for demarcating the 

boundaries of the BLA. Thus, it was not possible to evaluate cortical thickness in this region using my 

Golgi-stained tissue.  

! Sholl Analysis.!!There was a main effect of Treatment on basal dendritic arborization (critical 

value; #(1, 15)=5.10, $=.04 h2=.25) in the BLA, such that rats previously exposed to IPS in mid-

adolescence had reduced arborization in adulthood relative to no-stress controls (see Figure 4.8).  There 

were no other main effects of Treatment (all $’s>.05), no main effects of Sex or any Treatment by Sex 

interactions on the variables of interest (all $’s>.05; see Table 4.11).   

 

 

 

 

 

 

 

 

 

 

Figure 4.8. Reductions in Dendritic Complexity in the BLA.  Exposure to intermittent physical stress 
(IPS) in mid-adolescence (PD 35-46) reduced basal dendritic arborization (i.e., critical value) in 
adulthood (PD 75+).  Data are presented as mean (+/- SEM) arborization values by treatment group (IPS; 
n=11, dark grey bar vs. no stress Control; n=8, light grey bar), The ( * ) indicates p<.05.  
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!  Dendritic Spine Density!!!For apical dendrites, there was a main effect of Treatment on the total 

number of spines (#(1,15)=7.45, $=.02, h2=.33), such that IPS-exposed rats had fewer dendritic spines 

relative to no-stress controls (see Figure 4.9).  This effect appeared to be driven by the number of spines 

located on the proximal (#(1,15)=6.73, $=.02, h2=.31), but not the distal (#(1,15)=.81, $=.38, h2=.05), 

portion of the apical dendrite.  There were no other main effects of Treatment, no main effects of Sex, or 

Treatment by Sex interactions (all $’s>.05; see Table 4.12).  
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Figure 4.9. Dendritic Spine Density in the BLA.  Mean (+/- SEM) total number of spines (A) found on 
pyramidal neurons within the basolateral amygdala (BLA). Mean (+/- SEM) number of spines found on 
the proximal portion of apical dendrites (B). Light grey bars represent no-stress control rats (n=8) and 
dark grey bars represent rats previously exposed to intermittent physical stress (IPS; n=11) in mid-
adolescence.  The ( * ) indicates!$<.05.  
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4.4 Discussion 

 The goal of the current experiment was to examine the long-lasting impact of stress in mid-

adolescence on cortico-limbic structures.  I applied IPS to male and female rats in mid-adolescence (PD 

35-46) and evaluated cortical thickness, dendritic arborization/length and synaptic spine density in the 

mPFC, dorsal hippocampus and BLA in adulthood (PD 75+).  Behaviourally, adult rats with a history of 

stress in mid-adolescence displayed markedly higher levels of open-arm activity in the EPM test.  These 

same rats showed neuroanatomical evidence that stress in mid-adolescence evokes regionally specific and 

enduring structural changes in the brain.  Rats previously exposed to IPS in mid-adolescence had reduced 

cortical thickness of the mPFC, but this was not accompanied by changes in dendritic arborization or 

synaptic spine density.  In contrast, although a history of IPS did not alter the thickness of the dorsal 

hippocampus, it decreased the complexity (length) of apical dendrites in area CA1 of adult male, but not 

female, rats. In areas CA1 and CA3, IPS was associated with respective marginal increases in complexity 

(arborization) of apical and basal dendrites, in female, but not male, rats.  Finally, the BLA was sensitive 

to the effects of IPS in mid-adolescence, as indexed by a significant reduction in the complexity 

(arborization) of basal dendrites of pyramidal neurons, along with a decrease in apical spine density. 

Taken together, these structural changes in the brain might contribute, at least in part, to the long-lasting 

impact of IPS in mid-adolescence on rats’ behavioural phenotypes in adulthood.  

4.4.1 IPS in Mid-Adolescence Increased Open-Arm Exploration in Adulthood  

 Consistent with my earlier findings (Wilkin, et al., 2012; Wilkin & Menard, 2020; Lamontagne et 

al., 2020), male and female rats previously exposed to IPS in mid-adolescence displayed markedly more 

open-arm exploration in adulthood than did no-stress control rats.  Although not specifically addressed in 

the current study, IPS-induced increases in open-arm exploration appear specific to stress in mid-



 

 

 

 

 

128 

adolescence, in that the opposite profile (i.e., decreases in open-arm exploration) were displayed by both 

male and female rats with a history of IPS in early adolescence (Wilkin, et al., 2012; Tao et al., 2017). 

Further, the current results are unlikely to reflect a global reduction in anxiety, as rats with a history of 

IPS in mid-adolescence displayed normal levels of burying behaviour in the shock-probe test  (Wilkin, et 

al., 2012; Wilkin & Menard, 2020) and normal levels of behavioral fearfulness in a conventional 

conditioned suppression of responding task (Lamontagne et al., 2020).  Elsewhere, I have argued that the 

higher levels of open-arm exploration displayed by IPS-treated rats might preferentially reflect an 

enhancement of reward-related processes (Chapter 3, !"#$%&$'%'(!)"; Lamontagne et al., 2020).  This 

possibility warrants further investigation.  

4.4.2 IPS in Mid-Adolescence Produced Long-Lasting Decreases in Cortical Thickness That Were 

Only Evident in the mPFC 

I found that IPS in mid-adolescence produced long-lasting decreases in cortical thickness in the 

PrL and, to a somewhat lesser extent, the IL regions of the mPFC, but not in the cingulate cortex or 

hippocampus. This aligns with my earlier prediction that IPS rats would have reductions in cortical 

thickness in adulthood and that this effect would be restricted to the PrL and IL portions of the mPFC.   

 It seems possible that IPS rats had reduced cortical thickness of the PrL and IL regions of the 

mPFC but not the cingulate cortex or the dorsal hippocampus because these structures differ in terms of 

their peak periods of neurodevelopment, and as such, differ in terms of their peak periods of vulnerability 

(Andersen & Teicher, 2008; Buwalda, Geerdink, Vidal, & Koolhaas, 2011).  Van Eden and colleagues 

(1985; 1990) noted that the cytoarchitectural development of the mPFC does not stabilize until 

approximately PD 30+, and synaptic development follows thereafter (~PD 35+).  The mPFC develops 

later than other portions of the PFC (Van Eden & Uylings, 1985; Van Eden, Kros & Uylings, 1990), and 
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there is some indication that the PrL and IL cortices mature at a slower rate than the cingulate (Markham, 

Morris & Juraska, 2007; Willing & Juraska, 2015).  Compared to the mPFC, hippocampal structures seem 

to be in a state of developmental flux at an earlier age and reach maturity by approximately PD 28 

(Baudry et al., 1981; Crain et al., 1973; Ganella & Kim, 2014; Jacobson, 1963). Stress that occurred in 

mid-adolescence (PD 35-46) would then likely have less impact on stabilized hippocampal structures 

relative to the mPFC.  The current results, however, are provisional and to the best of my knowledge are 

the first to demonstrate long-lasting reductions in cortical thickness of the mPFC, but not hippocampus, in 

rats exposed to stressors restricted to mid-adolescence.  Further developmental mapping studies, 

specifically of the PFC are needed (Kolb et al., 2012) to not only understand the normal developmental 

trajectory of the mPFC but also to understand how stress might change this trajectory and any 

corresponding behavioural outcomes. 

4.4.3 IPS in Mid-Adolescence Did Not Alter Dendritic Complexity and Spine Density of Pyramidal 

Neurons in the mPFC    

 While I observed decreases in cortical thickness of the mPFC in adult rats previously exposed to 

IPS in mid-adolescence, I saw no evidence that this was linked to decreases in either dendritic complexity 

or spine density of pyramidal cells in layers II/III of the mPFC.  Inconsistent with my findings, repeated 

social defeat stress during mid-adolescence (PD42-46) reduced the branching of apical (but not basal) 

dendrites in layers II/III of the mPFC, in both male and female rats.  However, these effects were apparent 

24 hrs after the end of the final social defeat, and it remains unknown if they would persist into adulthood 

(Urban et al., 2019).  Consistent with my findings, that same study found no evidence of stress-induced 

changes in total dendritic spine density in layer II/III pyramidal cells of the mPFC.  However, those 

authors did observe stress-induced decreases in the number of apical dendritic spines in layer V (Urban et 
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al., 2019).  Unfortunately, in the current study, the number of pyramidal cells in layer V that met criterion 

was insufficient to conduct a meaningful analysis.     

 The reductions in cortical thickness that I observed in the mPFC might reflect stress-induced 

increases in neuronal pruning as opposed to atrophy of dendritic processes.  There is evidence for 

programmed loss of neurons during adolescence (Markham et al., 2007).  The number of neurons in the 

ventral mPFC (PrL and IL mPFC, combined) of both male and female rats decreased between 

adolescence (PD35) and adulthood (PD90), and, in females, this was accompanied by volume reductions 

within this region (Markham et al., 2007).  Consistent with my findings, those same authors found no 

changes in either neuron number or regional volume in the anterior cingulate cortex (Markham et al., 

2007).  It might be that in the current study, IPS exacerbated normal levels of neuronal pruning, resulting 

in changes to the overall cortical thickness even in the absence of notable changes in dendritic 

arborization and spine density.   This possibility needs to be confirmed in further studies, perhaps using 

immunohistochemical markers of neurons (e.g., NeuN) and/or apoptosis (e.g., caspase-3).  

4.4.4 IPS in Mid-Adolescence Altered Hippocampal Dendritic Complexity in a Sex-Specific Manner 

but Had No Apparent Effects on Spine Density 

 Previous exposure to IPS in mid-adolescence produced sex-specific changes in the arborization of 

hippocampal pyramidal cells in adulthood.  Specifically, in male rats, IPS reduced the complexity of 

apical dendrites in area CA1, as reflected by significant reductions in indices of length and arborization, 

respectively.  This effect was specific, as IPS did not alter basal dendrites in area CA1 and either basal or 

apical dendrites in area CA3.  Exposing female rats to IPS in mid-adolescence did not alter basal dendritic 

arborization in area CA1.  However, IPS-treated females displayed trend-like increases in the arborization 

of apical dendrites in CA1 and basal dendrites in CA3.   
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 Consistent with my findings, Zhao and colleagues (2020) found that exposing male rats to 

inescapable foot shock stress (twice daily) from PD28 to PD34 evoked long-lasting reductions in the 

length and number of branch points of hippocampal pyramidal cells in CA1, and these effects were 

apparent as late as PD72  (Zhao et al., 2020).  However, unlike my findings, restraint stress (6hrs/day) 

across adolescence (PD20-41) reduced dendritic length and branching of pyramidal cells in area CA3 of 

both male and female rats (Eiland et al., 2012).  In line with the latter findings, exposing female rats to 

2hrs of daily restraint stress in adolescence (PD30-40) significantly reduced the length of dendrites in area 

CA3 in adulthood (PD70; Moradi-Kor et al., 2019).  The conflict between my findings and these latter 

studies might reflect differences in strain, housing, type and/or duration of stress, the age at which it was 

applied, and/or the age at the time of tissue harvesting.   

 I saw no evidence that previous exposure to IPS in mid-adolescence altered the number of 

dendritic spines in the dorsal hippocampus of either male or female rats in adulthood.  In contrast, 

synaptic spine density was reduced in the hippocampus of adult rats (PD77) previously exposed to social 

isolation housing stress in early/mid-adolescence (PD21-47), and this effect was reversed by 4-weeks of 

resocialization via group housing (Biggio et al., 2019).  Similar to my findings, exposure to social defeat 

episodes across 10 days in adolescence (PD35-44) did not alter total spine density in area CA1 one day 

after the end of the defeat regimen (PD45; Iniguez et al., 2016).  However, those same authors did 

observe stress-induced reductions in the number of stubby spines combined with increases in the number 

of long-thin spines in that area.  It would be of interest to explore whether IPS similarly impacted specific 

spine types in the hippocampus.  

4.4.5 IPS in Mid-Adolescence Decreased Dendritic Complexity and Spine Density in the BLA 
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 Exposure to IPS in mid-adolescence resulted in long-lasting decreases in the arborization of basal 

dendrites and spine density of apical dendrites within the BLA.  These findings are consistent with other 

reports in the literature.  Tsai and colleagues (2014) found that chronic social instability stress (i.e., daily 

exposure to one hour of restraint followed by rehousing with novel cage mates) across adolescence/early 

adulthood (~PD28-63) reduced dendritic arborization and spine density in the BLA when examined one 

day after the end of the stress application period (PD64). Pizon-Para and colleagues reported that 

exposure to daily restraint stress across the early adolescent period (PD21-35) resulted in reduced 

dendritic spine density in the BLA on PD38, and this effect was still evident at PD50 and PD68; Pizon-

Para et al., 2018).  Thus, it appears that stress, regardless of whether it is applied in early or mid-

adolescence, is associated with both immediate and long-lasting decreases in spine density in the BLA.   

 Interestingly, chronic stress in adulthood is also linked to changes in dendritic architecture but the 

direction of these effects is typically opposite to what occurs following stress in adolescence (Padival, 

Blume & Rosenkranz, 2013; Padival, Blume & Vantrease, 2015; Vyas, Mitra, Rao & Chattarji, 2002; 

Vyas, Jadhav & Chattarji, 2006). For example, as noted above, chronic social instability stress across 

adolescence (~PD28-63) was associated with reductions in dendritic arborization and spine density in the 

BLA, whereas when this exact same stress paradigm was shifted to adulthood (~PD60-95) it evoked 

marked increases in dendritic arborization and spine density (Tsai et al., 2014).  That same study found 

that chronic social instability stress evoked opposing outcomes on fear-potentiated startle that depended 

on when the chronic stress was experienced; i.e., fear-potentiated startle was reduced following chronic 

stress in adolescence and enhanced following chronic stress in adulthood (Tsai et al., 2014).   Others 

found that exposing adult (PD60+) male rats to chronic restraint stress increased dendritic complexity and 
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spine density in the BLA, and these effects were associated with significant decreases in open-arm 

exploration in the elevated plus-maze (Vyas et al., 2002; Vyas et al., 2006).   

 Interestingly, the reduction in spine density I observed at the level of the BLA appeared to be 

driven by the number of spines on the proximal, but not distal, portion of apical dendrites. Most synapses 

formed at dendritic spines in the basolateral amygdala are asymmetrical and presumably excitatory 

(Muller, Mascagni & McDonald, 2006).  Symmetrical synapses, some of which are inhibitory, are fewer 

in number and predominantly located on distal dendrites (Muller et al., 2006).  Thus, it seems possible 

that the current IPS-induced reductions in spine density reflect a reduction in excitatory input to the BLA.  

In other words, the excitatory to inhibitory balance might have shifted in favor of inhibition.  Although 

speculative, this possibility agrees with the patterns discussed above; i.e., that the increases in spine 

density in the BLA, that followed stress in adulthood, and were associated with increases in anxiety-

related behaviour (Tsai et al., 2014; Vyas et al., 2002, 2006), whereas the decreases in spine density that 

followed stress in adolescence were associated with decreases in anxiety-related behavior (current 

findings; Tsai et al., 2014).  Specifically, excitation of the BLA is linked to anxiogenic-like effects 

whereas inhibition of the BLA is linked to anxiolytic-like outcomes.  For example, optogenetic excitation 

of BLA projections to the mPFC had anxiogenic-like effects in the elevated plus-maze and open-field 

tests, whereas optogenetic inhibition of that circuit produced anxiolytic-like effects in those tests (Felix-

Oritz et al., 2015).  The latter findings concur with earlier work showing that local pharmacological 

inhibition in the BLA has anxiolytic-like effects in various tests, including the elevated plus-maze (Pesold 

& Treit, 1995; de Andrade Strauss, Vincente & Zangrossi Jr, 2013). 

 It is also interesting that the pyramidal cells I sampled were situated in the anterior BLA.  These 

cells were larger (likely magnocellular cells) and relatively easy to distinguish from the smaller (likely 
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parvocellular) pyramidal cells present in neighbouring regions.  There are several reports of non-

overlapping pyramidal cells in the BLA that are selectively sensitive to either aversive stimuli or 

rewarding stimuli, and further that each of these valence-specific cell types inhibits the activity of the 

other (Kim et al., 2016; Lee et al., 2017). One especially elegant report, using male mice, found that 

magnocellular neurons in the anterior BLA that expressed R-spondin 2 (*+$), ) were sensitive to foot-

shock (but not a natural reward stimulus) whereas parvocellular neurons in the posterior BLA that 

expressed protein phosphatase 1 regulatory inhibitor subunit 1B (-$$.%./ ) were sensitive to a natural 

reward stimulus (exposure to a female mouse) but not to foot-shock (Kim et al., 2016).  Activation of 

*+$),0# and -$$.%./0# neurons evoked negatively and positively valenced behaviors, respectively. For 

example, using a real-time optogenetic place preference test, the amount of time mice spent in the light-

stimulation side of the chamber was decreased by activation of *+$),0# neurons and increased by 

activation of -$$.%./0# neurons. Further tests showed that activation of *+$),0# neurons disrupted cue-

induced reward-seeking (i.e., nose poking for water reward), whereas activation of -$$.%./0# neurons 

suppressed the expression of conditioned freezing.  Patch-clamping experiments confirmed that *+$),0#

'"1#-$$.%./0# neurons interact via reciprocal feedforward inhibition.  These antagonistic circuits in the 

BLA provide a mechanism for balancing safety concerns with the drive for obtaining natural rewards 

(Kim et al., 2016).   

4.4.6 General Conclusions and Future Directions 

 As expected, exposing male and female rats to IPS in mid-adolescence reliably increased their 

open-arm exploration in adulthood.  I previously argued that these IPS-induced increases in open-arm 

exploration reflect a qualitative shift in rats’ behavioral profiles away from a security-centric toward a 

more reward-centric phenotype (Chapter 3, !"#$%&$'%'(!)"; Lamontagne et al., 2020).  It is tempting to 
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suggest that this shift is, at least in part, mediated by the IPS-induced reduction of dendritic spines 

detected in the anterior BLA.  In particular, a decrease in the excitability of threat-sensitive neurons and 

consequent dampening of their feedforward inhibition of reward-sensitive neurons would translate into 

heightened sensitivity to reward.  Although clearly speculative, this intriguing possibility merits further 

investigation and provides an exciting avenue for future work in this area.  
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CHAPTER 5:  GENERAL DISCUSSION 

5.0 Overall Findings and Implications 

 In Chapter 2, I investigated whether the lasting impact of IPS in mid-adolescence was influenced 

by the degree of social contact rats experienced. To the best of my knowledge, this study was the first 

direct examination of whether social housing modulates the lasting impact of non-social stressors 

experienced in adolescence.  As hypothesized, IPS-induced increases in open-arm exploration were most 

evident in rats that were single housed throughout the experiment, were reduced, but still evident, in rats 

re-socialized at the end of the stress regimen and no longer evident in continuously pair housed rats.  

Because social isolation, on its’ own, did not alter rats behavioural profiles in the EPM, my findings 

cannot be explained as the simple removal of an extra-stressor; i.e., social isolation.  Instead, it appeared 

that the IPS-induced increases in open-arm exploration displayed by single-housed rodents were 

increasingly normalized as the degree of social contact they were provided increased.  I also observed 

enhanced resilience (i.e., stress inoculation) in the SPBT in continuously pair housed rats with a history of 

stress in mid-adolescence.  Overall, these findings suggest that affiliative social contact buffers the lasting 

impact of stress in mid-adolescence and may even promote greater resilience to subsequent, acute 

stressors in later life.  

 In Chapter 3, I showed that exposure to IPS in mid-adolescence not only increased open-arm 

exploration in adulthood, but also increased rats’ sensitivity to the locomotor enhancing effects of 

amphetamine.  In fact, the amount of open-arm exploration exhibited by rats predicted their locomotor 

response to amphetamine, and this relationship was only apparent in IPS-treated rats.  Factor analysis 

supported the idea that experiencing IPS in mid-adolescence promoted a qualitative shift in rats’ 
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behavioural profiles in the EPM, from a security-centric toward a more reward-centric phenotype.  In 

Chapter 4, I raised the intriguing possibility that this shift might be due, at least in part, to the IPS-induced 

reductions in spine density I observed on apical dendrites in the anterior BLA.  Although speculative, this 

possibility aligns with prior evidence that the BLA contains functionally segregated cells that are 

selectively sensitive to either aversive stimuli or rewarding stimuli, and further that each of these valence-

specific cell types inhibits the activity of the other (Kim et al., 2016; Lee et al., 2017).  It seems unlikely 

that the observed IPS-induced reductions in dendritic complexity of apical dendrites in the dorsal 

hippocampus contribute to the impact of IPS on open-arm exploration, because this structural outcome 

was only seen in males whereas the behavioural outcome was apparent in both sexes.  At the very least, 

my findings confirm that stress restricted to mid-adolescence evokes regionally specific dendritic 

remodelling in the dorsal hippocampus and BLA, but perhaps not the mPFC.   

5.1 Limitations  

 Because treatment-related outcomes can differ between male and female rats (Becker & Koob, 

2014; Koras & Dalla, 2016; McCormick et al., 2010), efforts should be made to include both males and 

females in this type of research. Unfortunately, for logistical reasons, it was not feasible to include 

females in all of the work included in this thesis.  Thus, it remains unknown if female rats are sensitive to 

the stress buffering effects of social contact in a manner similar to what I observed in male rats (Chapter 

2).  Similarly, it is not clear whether IPS-induced increases in open-arm exploration would predict 

increases in sensitivity to amphetamine in females, like they do in males (Chapter 3). Although the latter 

possibility seems likely, given that IPS-induced increases in open-arm exploration predict their 

consumption of a natural reward (i.e., sweet solution; Lamontagne et al., 2020), further work is needed to 

confirm that possibility.   
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 In Chapter 4, my intent was to determine whether IPS in mid-adolescence evoked structural 

changes in brain regions implicated in emotion regulation; i.e., the mPFC, hippocampus and BLA.  

Unfortunately, due to tissue loss during slicing, I was not able to collect sufficient samples of the ventral 

hippocampus for analysis. The ventral hippocampus has an established and long-standing role in emotion 

regulation (Feneslow & Deng, 2009).  The dorsal hippocampus, on the other hand, has been linked to 

cognitive functions such as spatial navigation and memory (Feneslow & Deng, 2009).  So, while it might 

be argued that elements of my research involve spatial navigation (e.g., exploration of the maze), the 

findings associated with the dorsal hippocampus are limited in their application.      

 Finally, because Chapter 4 was exploratory in nature, I felt comfortable using a simple linear 

probe as a measurement of cortical thickness. This decision was also dictated by the characteristics of the 

Golgi stain itself.  The Golgi-Cox method, that I used, facilitates visualization of neuron morphology in 

only a low percentage of neurons (~1-3%; Zaquot & Kaindl, 2016) with a minor degree of background 

stain (Buell, 1982; Koyama, 2013).  While this technique is ideal for evaluating cells in their entirety, is 

not ideal for conducting more precise volumetric measurements.  It particular, with Golgi staining, the 

structural boundaries in some regions are not clearly defined and the slices are not collected according to 

the strict rules required for stereological probes (e.g., Cavallieri probes) used to estimate total volume.  

 Another challenge I encountered with the Golgi-stained tissue was that background staining 

prevented the evaluation of the number of spines in some regions and the quantification of different types 

of spines overall.   Since stress-induced differences can affect not only the total number of spines (current 

findings) but also the type of spine (Iniguez et al., 2016) it would be ideal to be able to evaluate the tissue 

at both levels of analysis.  My pilot studies indicated that a 14-day immersion was ideal for whole cell 
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staining.  Future studies should aim to immerse the brains in the Golgi staining solution for fewer days to 

see if this reduces background staining in a manner that facilitates evaluation of spine type.   

 It is also worth noting that the generalizability of my findings within the mPFC might be limited.  

There is some controversy about what the rat mPFC represents in relation to human and non-human 

primate brain, as notable differences are currently identified in both the regional delineation and 

nomenclature used for this region across rodent and primate research (Laubach et al., 2018; Schaffer et 

al., 2020).   For example, a recent report indicates that although the local functional organization of the 

medial frontal cortex (MFC) is conserved across rodents and both human and non-human primates, the 

functional connectivity between the MFC and other brain regions differs across those species (Schaffer et 

al., 2020).  In addition to being cognizant of such differences, greater effort needs to be made by 

researchers to adopt strict standards when examining cross species structural/functional analogues in the 

MFC and to be aware of translational limitations, if and when they arise (Laubach et al., 2018).  

5.2 Future Directions and Theoretical Considerations 

 As with most research projects, my dissertation raises more questions than answers.  In the 

following sections, I briefly discuss some of the ongoing theoretical considerations that are relevant to my 

current work and what could be done to address them.   

5.2.1 Testing IPS-Treated Rats in a Wider Array of Tests   

 An important avenue for future research, would be to test rats with a history of IPS in mid-

adolescence in a wider array of behavioural tests.  As shown in Chapters 2 and 3, IPS-treated rats 

displayed increased open-arm exploration in the EPM but normal levels of burying behaviour in the 

SBPT. Although this suggests that IPS in mid-adolescence does not evoke global reductions in anxiety-

like behaviour, further testing should aim to either confirm or refute this interpretation.  It might be 
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beneficial to select those tests according to specific test features.  For example, in Chapter 2, I entertained 

the possibility that stress in mid-adolescence alters rodents’ responses to potential threats (as modeled in 

the EPM) but not their responses to present, localizable threat stimuli (e.g., an electrified probe).  This 

could be further examined by testing rats in a cat order task (Dilenberg & McGregor, 2001) vs. a test that 

incorporates the use of a live cat (Fifield et al., 2013).  Another interesting test for measuring defensive 

responses to potential vs. present threats is the recently developed naturalistic foraging task (Choi & Kim, 

2010).  Here, rats have to leave the safety of a nesting chamber to retrieve food pellets in an adjacent, 

elongated test chamber where they might (or might not) encounter a mechanical predator (i.e., a remote 

controlled “Robogator”, Lego
!"

).  Using this test, investigators discovered cells in the BLA that were 

tuned into the approach/avoidance responses rats displayed at the test chamber entrance.  Specifically, 

initiation of foraging was linked to reduced firing rates of specific cells of the BLA, whereas quick 

retreats to the back of the nesting chamber were linked to increased firing rates in those same cells (Amir 

et al., 2015).  It would be interesting to determine if IPS in mid-adolescence biases the firing rates of 

approach/avoidance cells in the BLA in a direction that favors approach.    

 Additional studies should also aim to further explore my suggestion that IPS-induced increases in 

open-arm exploration reflect increases in risk-taking behaviour.  Although that interpretation makes sense 

at a conceptual level, it nonetheless requires further validation.  For example, it could be argued that IPS-

induced increases in open-arm exploration reflect increases in either novelty-seeking, sensation-seeking, 

or impulsivity, or, perhaps, a combination of these responses.  On one hand, these responses might reflect 

facets of a single, overarching construct.  A more likely explanation, however, is that risk-taking, novelty-

seeking, sensation-seeking, and impulsivity, represent separate, but overlapping, constructs that need to 
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be measured with separate tests (Flagel et al., 2014).  At the very least, using a wider battery of tests could 

uncover a more nuanced behavioural profile than depicted by my dissertation findings.   

 Another potential interesting avenue of research would be to further explore my finding that IPS 

in mid-adolescence increases sensitivity to amphetamine. Although this finding raises the possibility that 

stress in mid-adolescence might increase vulnerability to drug use, and potentially to addiction-related 

behavior, these ideas would have to be supported by evidence from a broader array of tests (Burke & 

Miczek, 2014).   For example, are adult rats with a history of IPS in mid-adolescence more likely to self-

administer drugs of abuse at a higher rate than no-stress control rats?  Is their reward-seeking behaviour 

compulsive?  Notably, we recently reported that, adult female rats with a history of IPS in mid-

adolescence displayed higher levels of binge-like consumption of sucrose and higher levels of 

compulsive-like behavior in a conditioned suppression test conducted after 28 days of abstinence from 

sucrose (Lamontagne et al., 2020).  It would be interesting to determine whether the impact of IPS on 

female rats’ responses to a natural reward (i.e., sucrose) generalize to the rewarding actions of drugs of 

abuse.  As well, consideration should be paid to whether the impact of IPS in mid-adolescence on reward-

related processes is influenced by sex.   

5.2.2 Does Stress in Mid-Adolescence Lock-in the Teenage Brain?  

 It is also worth considering at what point does an adaptive behaviour become maladaptive 

(Andersen, 2015, Haller & Kruk, 2006).  For example, quickly learning which cues in the environment 

signal the direction of life-sustaining resources like food, water, shelter, and potential mates is adaptive 

(Flagel & Robinson, 2017).  These cues, however, can also be motivators that contribute to maladaptive 

patterns of behaviour that might be analogous to human psychopathologies, like addiction (Flagel & 

Robinson, 2017).  Likewise, experiencing a moderate stressor (i.e., those that are controllable or 
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predictable and mount normal down-stream neurohormone levels) can be adaptive, but if the stressor 

exceeds the capacity of an organism (i.e., in terms of resources, predictability) it can lead to maladaptive 

outcomes (Koolhaas et al., 2011; Malter-Cohen, Tottenham, & Casey, 2013).   

 A related concept is whether a behaviour is adaptive or not, might depend on when it manifests 

across the lifespan.  As noted in the Chapter 1, the behavioral profiles of adolescent rodents often differ 

from those of younger and older rodents (Casey, Glatt & Lee, 2015; Pellis, Pellis & Himmler, 2014).  

Compared to adults, adolescent rodents display higher levels of exploration (Philpot & Wecker, 2008), 

risk-taking (Macri, Adriani, Chiarotti, & Laviola, 2002), and novelty-seeking (Adriani et al., 1998; 

Douglas, et al., 2003; Laviola et al., 2003) behaviours, as well as higher levels of impulsivity (Doremus-

Fitzwater et al., 2012). These behavioural profiles are thought to serve adaptive functions in adolescence 

that facilitate and foster the development of adult behaviour (Pellis et al., 2014).  They only become 

maladaptive when they persist into adulthood and are not replaced by the age-typical behaviours that 

would normally be expected in adult animals.    

 This possibility is reflected by the idea that stress in adolescence prematurely closes the window 

to ongoing development, effectively locking in the teenage brain (Casey et al., 2015).  In terms of my 

dissertation findings, I only examined the long-lasting outcomes of stress in mid-adolescence and did not 

evaluate its’ immediate and/or short-term outcomes.  This may be problematic, given other evidence that, 

compared to adults, adolescent rats display higher levels of open-arm exploration in the EPM (Genn et al., 

2003; de Oliveira, Gomes & Brandão, 2011) and a greater response to psychostimulants (Burke & 

Miczek, 2014; Hammerslag & Gully, 2014).  Thus, it is not known if the behavioural profiles I observed 

in IPS-treated rats (i.e., increases in open-arm exploration and greater sensitivity to the locomotor effects 

of amphetamine) were already present in mid-adolescence but showed an atypical persistence into 
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adulthood.  In other words, my results could reflect normative decreases in those responses in the no-

stress control rats rather than dysfunctional increases in those responses in the IPS-treated rats.  

 This issue could be resolved using a mixed measures design, examining the impact of age at 

testing (PD47 vs. PD60+) and treatment (mid-adolescent; no-stress control vs. IPS) on the current 

outcomes of interest.  If no-stress control rats display higher levels of open-arm exploration and/or higher 

sensitivity to amphetamine when tested in mid-adolescence (~PD47) than in adulthood (PD60+), this 

would suggest that their behavioural profiles in adolescence had been replaced by more adult-typical 

profiles (e.g., a greater bias toward security-driven behaviour relative to reward-driven behaviour).  In 

contrast, if IPS-treated rats display high levels of open-arm exploration and sensitivity to amphetamine at 

both time-points, this would suggest a stress-induced maintenance of the adolescent phenotype as 

opposed to IPS-related outcomes emerging across later development.  It is also possible that experiencing 

IPS in mid-adolescence exacerbates rats’ typical behavioural proclivities, while at the same time closing a 

window on further development.  Knowing which of these possibilities occurs would further our 

understanding of the dynamics of brain maturation and how it is shaped by environmental events.   

5.2.3 Are Stress Resilience and Stress Vulnerability Opposites on the Same Dimension?  

 In line with clinical evidence of individual differences in stress susceptibility (Romeo, 2015, 

Southwick et al., 2005), it appears that not all rats are sensitive to the lasting impact of stress, (Aydin et 

al., 2020; Heshmati et al., 2018), at least when it is experienced in adulthood.  It is less clear whether 

these individual differences extend to stress experiences in adolescence.  Although not addressed in any 

of the current empirical chapters, in each of my studies to date, the open-arm data of IPS-treated rats 

displayed a bi-model distribution.  Specifically, approximately 30% of IPS treated rats displayed open-

arm exploration equivalent to that of the no stress controls.  These rats appeared resilient to the impact of 
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IPS and provide an avenue for studying stress resilience vs. stress susceptibility.  Several groups now take 

advantage of within group variability to explore individual differences in sensitivity to stress by 

phenotyping rodent responses to stress and then grouping them according to whether they are ‘stress 

susceptible’ or ‘stress resilient’, respectively (Heshmati et al., 2018; Liu et al., 2018).  This strategy is 

yielding important insight into the possibility that the neural underpinnings of resilience are not simply 

the absence of maladaptive changes linked to stress susceptibility (Krishnan, 2014).  It might also be 

advantageous to study stress resilience by including social housing as an independent factor in adolescent 

stress studies.  A caveat here is that the specific type of stressor might be important.  In particular, as 

discussed in Chapter 2, given the importance of social engagement between conspecifics during 

adolescence (Burke et al., 2017) it might be the case that social stressors disrupt processes governing 

social buffering.   

5.2.4 Increasing the Utility of Animal Models 

 Going forward, researchers ought to reconsider how well preclinical models, including the type of 

research presented in my dissertation, reflects and/or adds to our understanding of human 

psychopathology.  Recently, the Research Domain Criteria (RDoC) initiative was put forward by the 

National Institute of Mental Health as a framework for guiding research into both mental well-being and 

mental illness.  The framework is set up as a matrix, focused on six  primary domains of human function 

(i.e., Negative Valence Systems, Positive Valence Systems, Cognitive Systems, Social Processes, Arousal 

and Regulatory Systems, and Sensorimotor Systems), corresponding domain-specific constructs (e.g., 

Negative Valence constructs include: acute threat (“fear”), potential threat (“anxiety”), sustained threat, 

etc.) and units of analysis (i.e., genes, molecules, cells, circuits, physiology, behaviours, self-reports) and 

also paradigms that can be used to assess the relevant constructs (see, 
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https://www.nimh.nih.gov/research/research-funded-by-nimh/rdoc/index.shtml; Andersen, 2015).  The 

hope is that research focused on basic biological and cognitive processes will yield a better understanding 

of both typical and atypical behaviour than the disorder-based research approaches of the past were able 

to provide.  Currently, the matrix is set up with a primary focus on clinical research and the listed testing 

paradigms are designed for use with human participants.  However, the RDoC initiative acknowledges 

that a complete understanding of any given domain will only be possible through an interdependence 

between clinical and preclinical studies.  Specifically, animal-based research is key to laying the 

foundation and informing the direction of clinical research and vice versa.  The initiative also issues a 

challenge to the behavioural neuroscience community to utilize and/or develop animal-based tests that 

more directly translate to human testing paradigms, e.g., the rat version of the Iowa Gambling task is 

based on this principle (Andersen, 2015).   

 While the current dissertation was not designed with the RDoC in mind, at first glance, my 

approach is perhaps best linked to the domain of Negative Valence Systems, under the construct 

Sustained Threat.  At the circuit level, dysregulation of amygdala reactivity is listed as an outcome 

variable, which might overlap with the IPS-induced dendritic remodelling I reported in Chapter 4.  

However, at the behavioral level of analysis, the listed outcomes (e.g., anhedonia/decreased appetitive 

behavior, helplessness behaviour, anxious arousal, avoidance) appear a better fit with the long-term 

outcomes displayed by rats with a history of IPS in early-adolescence (Wilkin et al., 2012; Tao et al., 

2017) rather than mid-adolescence (current findings; Wilkin & Menard, 2020, Lamontagne et al., 2020).  

This no doubt reflects the neurodevelopmental aspects of my work, underscoring an issue that RDoC 

continues to struggle with.  The RDoC acknowledges that neurodevelopmental trajectories and 
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environmental events represent important elements of the RDoC framework, but how to situate those 

elements into the existing matrix is less clear.   

5.3 Overall Conclusions 

 Exposing rats to IPS in mid-adolescence altered their open-arm exploration in the EPM in 

adulthood.  These IPS-induced increases in open-arm exploration were a) robust; b) sensitive to the stress 

buffering actions of affiliative social contact and c) predicted IPS-treated rats’ locomotor response to 

amphetamine.  Alongside further analysis, it appeared that experiencing IPS in mid-adolescence shifted 

rats’ adult phenotype away from more security-centric toward more reward-centric responses.  This might 

be due, in part, to IPS-induced dendritic remodeling of pyramidal cells in the BLA.  The intriguing 

possibility that experiencing IPS in mid-adolescence preserved the reward-centric phenotype that typifies 

adolescent behaviour merits further examination.  Such findings could inform clinical research aimed at 

designing prevention and/or treatment programs targeting vulnerable adolescents in today’s society.   
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