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« J'ai appris que l'essentiel dans la vie, ce n'est non pas d'être fort, mais de se 

sentir fort.  

Et le but c'est pas d'allez le plus loin mais c'est le chemin pour y arriver » 

 

!"#$%#&'%()*+%,%-$"%./0102'/%

 





$!

!"#"$%&"#"'()!

Avant tout, je tiens ! remercier toutes les personnes qui ont partag"es ces 5 ann"es de 
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'G'!Z!'1IH+53!D1H6N4,+B!26H1!
C7U!Z!I(NB(H6514(I!6)+L4I1!H+II(1!
CPG!Z!CH65)62H!12242!4O!H91!D165!
CMP!Z!C4,+)!L96I1!1WH26BH+45!
U>!Z!U2+3,:B12+)1I!

UX;C!Z!U216)D+,,!*+H9!X+N26H+45!;I4,6H+45!65)!CH6N+,+I6H+45!C:IH1D!
XJKJ!Z!X12:!,4*!)15I+H:!,+L4L24H1+5!

  



b!

8-/0& !'&$ !*-% # 9 3&$ !
84DD(5+B6H+45I!Z! &!

M2cI15H6H+45I!426,1IZ! &!
M4IH12I! &!

M(N,+B6H+45I!Z! &!
M(N,+B6H+45I!15!L2cL626H+45!Z! T!

J5/WD)0#)$"8% X!

N/W0452*'% :Y!
1E! C")J'+].^#$)=>"#8"&$) 1K!

6.! J1I!L21D+d21I!6=65Bc1I!)65I!,6!21B912B91!IL6H+6,1! $b!
N.! J1I!L21D+d21I!B4,,6N426H+45I!+5H1256H+456,1I! $b!
B.! JecD12315B1!)1!,e7I+1!)65I!,e1WL,426H+45!IL6H+6,1.! "f!
).! Je+DL,+B6H+45!)1I!B4DL635+1I!L2+=c1I!)65I!,e1WL,426H+45!IL6H+6,1.! "$!
1.! J1!O(H(2!)1!,e1WL,426H+45!IL6H+6,1! "$!

/E! C$=),HW8=),$)&")P8'"=#%'+".#8].$)$#)&$=)7',_&$=),`H#.,$E) /?!
6.! 7)6LH6H+45I!g!,6!D+B24326=+Hc! "#!
N.! J1I!D4)d,1I!)ecH()1!6(!I4,.! "&!
+.! C+D(,6H+45!)1!,6!D+B24326=+Hc!B91[!,eF4DD1! "&!
$.! 7,+H1D15H!L24,453c! "&!
".! ;DD12I+45!IdB91! "Y!

++.! C+D(,6H+45!)1!,6!D+B24326=+Hc!B91[!,e65+D6,! "b!
$.! 75+D6(W!I(IL15)(I! "b!
".! 8(,H(21I!B1,,(,6+21I! #f!

?E! C")78J%'9%"G8#H)%H$&&$)$#)=87.&H$)U)87>"J#)=.%)&$=)W'+J#8'+=)><;=8'&'98].$=E) ?1!
6.! C:IHdD1!51(24L9:I+4,43+?(1! #$!
N.! C:IHdD1!+DD(5+H6+21! #$!
B.! C:IHdD1!B62)+4=6IB(,6+21! #"!
).! C:IHdD1!D(IB(,4@I?(1,1HH+?(1! ##!
1.! 7)6LH6H+45!DcH6N4,+?(1! #Y!

2E! 6%'9%"77$=),$)J'+#%$7$=.%$=)U)&$=)='&.#8'+=)78=$=)$+)>&"J$)&'%=),$=)H#.,$=),$)

78J%'9%"G8#H)%H$&&$)$#)=87.&H$) 2K!
6.! >26=+Hc!62H+O+B+1,,1! %b!
N.! 845H21D1I(21I!Z!1W12B+B1I!L9:I+?(1I! &$!
B.! 845H21D1I(21I!5(H2+H+4551,,1I! &%!
+.! C(LL,cD15H6H+45!15!=+H6D+51I!1H!65H+4W:)65HI! &&!
++.! C(LL,cD15H6H+45!15!L24Hc+51I! &Y!

LE! BPX$J#8W=)$#)<;>'#<_=$=) S/!
6.! M24V1H!)ecH()1!Z!4NV1BH+OI! T"!
N.! F:L4H9dI1I! T#!

B#2+'%:%M%Z0/)0#)$"%+'%*0%6$"6'"#/0#)$"%7*0840#)V2'%'"%D)8C0#)"'%07/[8%+)CCW/'"#'8%

)"#'/D'"#)$"8%82/%*'8%")D'02S%+\06#)D)#W%7&=8)V2'%6&'O%*\&$44'A% GX!
6.! K1I+35!4O!H91!IH()+1I! TY!
N.! 04):!B4DL4I+H+45! T^!
B.! M9:I+B6,!6BH+=+H:!15123:!1WL15)+H(21! T^!
).! -6IH+53!L,6ID6!=+IO6H+5/!+5I(,+5!65)!3,(B4I1!B45B15H26H+45I! T^!
1.! CH6H+IH+B6,!656,:I+I! Tb!

B#2+'%9%M%!4706#%+'%GH%]$2/8%+\)"06#)D)#W%7&=8)V2'%8WD[/'%6&'O%*0%C'44'%82/%*\WD$*2#)$"%

+'%40/V2'2/8%+\2"'%8#W0#$;&W70#)#'A% X:!
6.! CH():!)1I+35! Y$!
N.! 04):!B4DL4I+H+45! Y$!
B.! G1H6N4,+B!65)!91L6H+B!D62E12I!D16I(21D15HI! Y$!



! $f!

).! CH6H+IH+B6,!656,:I+I! Y"!

B#2+'%YM%U$"8WV2'"6'8%+\2"'%8)42*0#)$"%+\)47'80"#'2/%+'%9:%]$2/8%6&'O%*\&$44'F%82/%

*'%4W#05$*)84'%+'8%*)7)+'8%'#%'CC'#8%+\2"'%8277*W4'"#0#)$"%'"%7/$#W)"'8%#'8#W'%6$44'%

6$"#/'4'82/'A% XY!
6.! CH():!)1I+35! Y#!
N.! R(H2+H+45! YT!
B.! PWL12+D15H6,!L24H4B4,I! YY!
+.! 04):!B4DL4I+H+45!65)!42365!O6H!B45H15H! YY!
++.! J+L+)!H26OO+BE+53!65)!4W+)6H+45! YY!
+++.! >,(B4I1!H4,1265B1! Y^!

).! 756,:I1I!65)!B6,B(,6H+45I! Yb!
+.! S2365!O6H!B45H15H!65)!213+456,!O6H!)1L4H! Yb!
++.! P5123:!1WL15)+H(21/!H4H6,!65)!)+1H62:!I(NIH26H1I!4W+)6H+45! ^f!
$.! )#$!L6,D+H6H1!4W+)6H+45! ^f!
".! $@$#8!6B1H6H1!4W+)6H+45! ^$!
#.! )Y!3,(B4I1!4W+)6H+45!)(2+53!426,!3,(B4I1!H4,1265B1!H1IH! ^"!
%.! G(IB,1!65)!,+=12!+5I(,+5!21I+IH65B1!+5)1W! ^"!
&.! P5123:!1WL15)+H(21!65)!H4H6,!I(NIH26H1I!4W+)6H+45! ^"!

+++.! K+1H62:!,+L+)!H26OO+BE+53! ^#!
$.! C1L626H+45!4O!,+L4L24H1+5I! ^#!
".! PWH26BH+45I!4O!,+L+)!O26BH+45I! ^#!
#.! 756,:[1I!65)!B6,B(,6H+45I!4O!,+L4L24H1+5I!65)!RP-7!152+B9D15H!+5!,6N1,1)!65)!
(5,6N1,1)!L6,D+H6H1.! ^%!

+=.! G4,1B(,62!N+4,43:! ^%!
$.! G+B24O,(+)+B!216,@H+D1!L4,:D126I1!B96+5!216BH+45!hD+B24O,(+)+B!'U@M8'i! ^%!
".! j1IH125!0,4H! ^&!

=.! ;5O,6DD6H+45!65)!4W+)6H+=1!IH21II! ^T!
=+.! M,6ID6!942D451I!65)!D1H6N4,+H1I! ^Y!

1.! CH6H+IH+BI! ^Y!

B#2+'%:M%Z0/)0#)$"%+'%*0%6$"6'"#/0#)$"%7*0840#)V2'%'"%D)8C0#)"'%07/[8%+)CCW/'"#'8%

)"#'/D'"#)$"8%82/%*'8%")D'02S%+\06#)D)#W%7&=8)V2'%6&'O%*\&$44'% ^:!

B#2+'%9%M%!4706#%+'%GH%]$2/8%+\)"06#)D)#W%7&=8)V2'%8WD[/'%6&'O%*0%C'44'%82/%*\WD$*2#)$"%

+'%40/V2'2/8%+\2"'%8#W0#$;&W70#)#'A% ^X!

B#2+'%YM%U$"8WV2'"6'8%+\2"'%8)42*0#)$"%+\)47'80"#'2/%+'%9:%]$2/8%6&'O%*\&$44'F%82/%

*'%4W#05$*)84'%+'8%*)7)+'8%'#%'CC'#8%+\2"'%8277*W4'"#0#)$"%'"%7/$#W)"'8%#'8#W'%6$44'%

6$"#/'4'82/'A% :H_!

`2440/=% :H_!
6.! 04):!D6II!65)!B4DL4I+H+45!B96531I! $f^!
+.! S2365!O6H!B45H15H!65)!213+456,!O6H!)1L4H! $$$!

N.! ;5O,6DD6H+45! $$"!
B.! -6IH+53!D1H6N4,+B!=62+6N,1I!)(2+53!N1)!21IH! $$%!
).! S26,!3,(B4I1!H4,1265B1! $$T!
+.! G(IB,1!65)!,+=12!+5I(,+5!I15I+H+=+H:!+5)1W! $$T!
++.! PW43154(I!)Y!3,(B4I1!4W+)6H+45! $$T!

1.! P5123:!1WL15)+H(21/!H4H6,!65)!)+1H62:!I(NIH26H1I!4W+)6H+45! $$^!
+.! P5123:!1WL15)+H(21!65)!H4H6,!I(NIH26H1I!4W+)6H+45! $$^!
++.! M,6ID6!D1H6N4,+B!=62+6N,1I!)(2+53!H1IH!)6:! $"$!
+++.! K+1H62:!)#$!L6,D+H6H1!4W+)6H+45! $"#!
+=.! $@$#8!7B1H6H1!4W+)6H+45! $"&!
=.! K+1H62:!,+L+)!H26OO+BE+53! $"T!
$.! )#$!L6,D+H6H1!152+B9D15H!65)!B45B15H26H+45!+5!B9:,4D+B245I.! $"T!
".! )#$!L6,D+H6H1!152+B9D15H!65)!B45B15H26H+45!+5!XJKJ.! $"b!
#.! )#$!L6,D+H6H1!152+B9D15H!65)!B45B15H26H+45!+5!RP-7! $#$!

O.! G4,1B(,62!N+4,43:! $#%!



$$!

+.! 'U@M8'! $#%!
++.! j1IH125!0,4H! $#Y!

3.! 84221,6H+45I! $#^!

N'/87'6#)D'8% :_H!

T'C'/'"6'8% :_9!

J""'S'%:%M%T'8D'/0#/$*%7/'D'"#8%#&'%(08#)"<%+)8$/+'/8%$C%4'6&0")60*%2"*$0+)"<%5=%

06#)"<%08%0%7&=8)60*%'S'/6)8'%4)4'#)6%)"%#&'%/0#% :G^!

J""'S'%9%M%J%6$45)"0#)$"%$C%(&'=%7/$#')"%0"+%7$#088)24%5)60/5$"0#'%8277*'4'"#8%

+2/)"<%&'0+;+$(";#)*#%5'+%/'8#M%N/'8'"#0#)$"%$C%0%42*#)+)86)7*)"0/=%/0"+$4)O'+%

6$"#/$**'+%#/)0*%PQBN%8#2+=RA%% :a9!
!

! !



! $"!

! !



$#!

234-*/+0& !
J1I! L24326DD1I! IB+15H+O+?(1I! 15! 21B912B91! IL6H+6,1! I1! I45H! )c=1,4LLcI! 6(H4(2! )1!
D+II+45I!+5B,(65H!)1I!IcV4(2I!)1!B4(2H1I!)(2c1I.!K65I!,1!O(H(2/!+,I!H15)245H!B1L15)65H!

g!Ie6,,45312!6=1B! ,6!D+I1!15!L,6B1!)1!L24V1HI!L,(I!6DN+H+1(W/!15!=(1!)1! ,e1WL,426H+45!
L,65cH6+21! =12I! ,6! J(51! 4(! G62I.! P5! N+4,43+1! 1H! L9:I+4,43+1/! B1I! L24326DD1I! I1!
B45B15H215H! I(2! ,1I! 6)6LH6H+45I! ?(+! 6OO1BH15H! ,1I! L12O42D65B1I! 1H! ,6! I65Hc! )1I!
6IH2456(H1I.!'6)+6H+45I/!+I4,1D15H!1H!B45O+51D15H/!1H!6)6LH6H+45I!N+4,43+?(1I!,+c1I!g!
,e6NI15B1!)1!326=+Hc!B45H2+N(15H!H4(I/!g!)+=12I!)132cI/!g!,6!2c)(BH+45!)1I!B6L6B+HcI!)1I!

6IH2456(H1I.!K1L(+I!,1!)cN(H!)1I!=4,I!IL6H+6(W/!,6!L12H1!4II1(I1!1H!,e6(3D15H6H+45!)(!
2+I?(1! )1! O26BH(21I/! ,6! )+D+5(H+45! )1! ,6! D6II1! 1H! )1! ,6! O42B1! D(IB(,6+21/! ,1!

)cB45)+H+4551D15H! B62)+4@=6IB(,6+21! 6+5I+! ?(e(51! 2c)(BH+45! )1! ,6! B6L6B+Hc! g!
,e1W12B+B1/! I45H! ,1I! 6)6LH6H+45I! ?(+! 45H! 6HH+2c! ,1! L,(I! ,e6HH15H+45.! 7(! B4(2I! )1! ,6!
)125+d21! )cB155+1/! )1I! )c2c3(,6H+45I! )(! DcH6N4,+ID1! 45H! cHc! D+I1I! 15! c=+)15B1.!

81HH1!cH()1!H62)+=1!)(!DcH6N4,+ID1!1IH!I65I!5(,!)4(H1! ,+c1!g!I6!B4DL,1W+Hc!)1!D+I1!
k(=21! 6(! B4(2I! )1I! =4,I! IL6H+6(W.! K1! B1! O6+H/! ,e6HH1+5H1! DcH6N4,+?(1! 6! cHc!

D6V42+H6+21D15H! c=6,(c1! 6(! I4,! 6(! B4(2I!)ecH()1I!)1! I+D(,6H+45!)1! ,6!D+B24326=+Hc/!
H1,,1I! ?(1! ,e6,+H1D15H! L24,453c! g! HlH1! )cB,+=1! B91[! ,e94DD1.! 81I! 6HH1+5H1I!
DcH6N4,+?(1I!6OO1BH15H!H4(I!,1I!I:IHdD1I!L9:I+4,43+?(1I!1H!45H!cHc!I(33c2c1I!B4DD1!

6II4B+c1I!6(!)c=1,4LL1D15H!)e(5!IH21II!B9245+?(1.!M62D+!B1I!6,Hc26H+45I/!45!21H24(=1!
54H6DD15H! (51! +5O,6DD6H+45! )1! N6I! 5+=16(/! (51! )+D+5(H+45! )1! ,6! I15I+N+,+Hc! g!

,e+5I(,+51/! (51! )+D+5(H+45! )1! ,e4W:)6H+45! )1I! ,+L+)1I! 6(! L24O+H! )1I! 3,(B+)1I/! (51!
9:L12H2+3,:Bc2+)cD+1! 6+5I+! ?(e(5! IH4BE631! 1BH4L+?(1! )1I! ,+L+)1I.! 81I! L2+5B+L6(W!

H24(N,1I! 2cI(,H126+15H! )1! ,e+56BH+=+Hc! L9:I+?(1! Ic=d21/! g! ,6?(1,,1! I45H! B45O245HcI! ,1I!
6IH2456(H1I/! 1H! +5)(+H1! L62! ,6! D+B24326=+Hc.! M,(I! L2cB+IcD15H/! ,e6HH1+5H1! )(!
DcH6N4,+ID1!,+L+)+?(1!1IH!B626BHc2+Ic1!L62!(51!)+D+5(H+45!)1!,6!B,6+265B1!)1I!,+L+)1I!

6,+D15H6+21I/! g! ,e42+3+51! )e(51! 9:L12H2+3,:Bc2+)cD+1! 1H! +DL,+?(1! L24N6N,1D15H! ,1!
D(IB,1!1H!,1!O4+1.!J6!2c)(BH+45!)1!,6!B6L6B+Hc!4W:)6H+=1!)1I!,+L+)1I!1IH!6II4B+c1!?(65H!g!

1,,1/!g! ,1(2!IH4BE631!1BH4L+?(1!)65I!)+=12I!423651I/! H1,I!?(1! ,1!D(IB,1!I?(1,1HH+?(1/!
B62)+6?(1!4(!,6!D41,,1!4II1(I1.!K1!2cB15H1I!cH()1I!15!L6H94,43+1!9(D6+51!D45H215H!
?(1! ,1! IH4BE631! 1BH4L+?(1! )1! ,+L+)1I! L4(226+H! lH21! 21IL45I6N,1! )e(51! 2cI+IH65B1! g!

,e+5I(,+51! g! H26=12I! )1! 54DN21(W! 1OO1BH1(2I! B1,,(,6+21I! L4H15H+1,I.! J1! IH4BE631!
1BH4L+?(1!15!H65H!?(1!B6(I1!)1!,6!2cI+IH65B1!g!,e+5I(,+51!4NI12=c1!6(!B4(2I!)ecH()1I!6(!

I4,!1H!15!=4,/!6LL626mH!)45B!B4DD1!(51!9:L4H9dI1!?(e+,!B45=+15H!)1!H1IH12.!
!
7(@)1,g! )1! B1I! 6IL1BHI! O45)6D15H6(W/! )1I! L24326DD1I/! 6LL1,cI! B45H21D1I(21I/!

=+I65H! g! 2c)(+21! 1H! 4(!L2c=15+2! ,1I! B45Ic?(15B1I!5c36H+=1I!)1I! =4,I! IL6H+6(W! I(2! ,1!
B42LI!9(D6+5/!I45H! H1IHcI!)1L(+I! ,1!)cN(H!)1I!D+II+45I!9(D6+51I/! ,1(2!N(H!cH65H!)1!

L12D1HH21!g!,6!O4+I!,1!I(BBdI!)1I!D+II+45I!1H!(5!21H4(2!I(2!U1221!)1I!6IH2456(H1I!)65I!
,1I!D1+,,1(21I!B45)+H+45I.!K65I!,6!D1I(21!4n!,e+56BH+=+Hc!L9:I+?(1!6!)1L(+I!,453H1DLI!

cHc! B45I+)c2c1! B4DD1! B6(I6,1! )65I! ,1I! 6)6LH6H+45I! g! ,e+DL1I65H1(2/! ,1I!
B45H21D1I(21I!g!)+OOc215HI!H:L1!)e6BH+=+Hc!L9:I+?(1/!6c24N+?(1!1H!2cI+IH+=1/!O45H!L62H+1!



! $%!

+5Hc3265H1! )1I! D+II+45I! 96N+Hc1I.! 81I! )125+d21I! I1! I45H! 6=c2c1I! B1L15)65H! L1(!

1OO+B6B1I.! M,(I! 2cB1DD15H/! (5! +5Hc2lH! B24+II65H! L4(2! ,1I! B45H21D1I(21I!
5(H2+H+4551,,1I! Ie1IH! )c=1,4LLc.! P5! 1OO1H/! )1I! 2cI(,H6HI! L24D1HH1(2I! I(2! ,6!

I(LL,cD15H6H+45! 15! L24Hc+51I! 4(! 15! 6B+)1I! 6D+5cI! 1II15H+1,I! 45H! cHc! 4NH15(I! B91[!
,e94DD1!1H!,e65+D6,.!P,,1!V4(126+H!54H6DD15H!(5!2o,1!O6=426N,1!)65I!,1!D6+5H+15!)1!,6!
D6II1!D(IB(,6+21/! I(2! ,1!DcH6N4,+ID1! ,+L+)+?(1!4(!15B421! ,6! I15I+N+,+Hc! g! ,e+5I(,+51.!
81I!2cI(,H6HI!21IH15H! H4(H!)1!DlD1!)+IB(HcI!)(! O6+H!54H6DD15H!)1! ,e6B+)4I1/! +5)(+H1!
L62! ,e6(3D15H6H+45! )1! L24Hc+51I! +53c2c1I.! 81,,1@B+! 6BBc,d2126+H! 54H6DD15H! ,6!

)cD+5c26,+I6H+45!4II1(I1/!D6+I!L4(226+H!lH21!c=+Hc1!L62!(5!6V4(H!)1!I1,I!6,B6,+5I.!Ke(5!
6(H21!BoHc/! +,! O6(H!I4(,+3512!?(1!,e1OO1H!)e(51!I(LL,cD15H6H+45!15!L24Hc+51I!6! V(I?(eg!

L2cI15H! cHc! D45H2c! (5+?(1D15H! )65I! )1I! 1WLc2+D15H6H+45I! 4n! ,1! 324(L1! B45H2o,1!
+53c26+H! f.^! 3_E3_V4(2! )1! L24Hc+51I/! 6,42I! ?(1! )1I! cH()1I! 2cB15H1I! +5)+?(15H! )1I!
6LL42HI!D+5+D6(W!)1!$."!3_E3_V4(2!)65I!B1I!B+2B45IH65B1I.!Je+DL6BH!)1!,6!56H(21!)1I!

L24Hc+51I!)455c1I!15!I(LL,cD15H6H+45/!54H6DD15H!)1!,1(2!2+B91II1!15!6B+)1I!6D+5cI!
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(4 50*+120#&620*+(7(%'30*+8(%*+/(+20'902'90+*1()&(/0+
K65I! ,e9+IH4+21!)1! ,6!B45?(lH1!IL6H+6,1/! ,1I!655c1I!B+5?(65H1! O45H! O+3(21!)1!L4+5H!)1!

)cL62H.!P5!1OO1H/!g!,e+II(1!)1!,6!I1B45)1!>(1221!G45)+6,1/!,e(H+,+I6H+45!)1I!H1B954,43+1I!
6,,1D65)1I!15!D6H+d21!)1!D+II+,1I/!45H!L12D+I!g!)1(W!L6:I/! ,1I!PH6HI@]5+I!1H! ,e]'CC/!
)1!I1!)cD62?(12.!81I!)1(W!L(+II65B1I!I1!I45H!B45B15H2c1I!I(2!,1!)c=1,4LL1D15H!)1!

54(=1,,1I!H1B954,43+1I!)65I!,1!N(H!)1!L12D1HH21!g!,e94DD1!)e1WL,4212!,e1IL6B1.!K65I!
,1I!655c1I!?(+!I(+=+215H/! ,1I!2(II1I!O(215H! ,1I!L21D+12I!g!L,6B12!(5!I6H1,,+H1!62H+O+B+1,!

15!42N+H1/!CL4(H5+E!$!15!4BH4N21!$b&Y/!I(+=+!(5!D4+I!L,(I!H62)!)1!CL4(H5+E!"!?(+!O(H!,1!
L21D+12! =4,! IL6H+6,! 96N+Hc! L62! (5! lH21! =+=65H/! ,6! B9+1551! J6pE6.! J1I! 6Dc2+B6+5I!

I(+=+215H!L1(!)1!H1DLI!6L2dI!6=1B!,1!L21D+12!I6H1,,+H1!6Dc2+B6+5!PWL,4212@$.!8e1IH!15!
$bT$/!?(1!q4(2+!>6362+51/!(5!6IH2456(H1!2(II1/!O(H!,1!L21D+12!94DD1!g!2c6,+I12!(5!=4,!
42N+H6,!96N+Hc.!7!B1! IH6)1/! ,e]'CC!L2cI15H6+H!(5!B12H6+5!6=65H631! O6B1!6(W!PH6HI@]5+I!
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)+OOc215HI! L24N,dD1I! ,+cI! 6(W! B96531D15HI! )e15=+24551D15H/! 21IL45I6N,1I! )1!
D4)+O+B6H+45I!L9:I+4,43+?(1I!1H!L6H94,43+?(1I!h72D1)!-42B1I!1H!6,./!$bT$i.!7! ,e+II(1!
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cHc! ,16)12I! )65I! ,1! )4D6+51! )1! ,e6IH2456(H+?(1! )1L(+I! )1I! )cB155+1I.! 81L15)65H/!

O42B1!1IH!)1!B45IH6H12!?(1!,6!B45?(lH1!)1!,e1IL6B1!I1!)cL,6B1!=12I!,e7I+1!1H!L12D1H!,1!
)c=1,4LL1D15H!)1!54(=1,,1I!B4,,6N426H+45I!15H21!,1I!56H+45I.!!
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7(V4(2)e9(+/!,1I!6315B1I!IL6H+6,1I!56H+456,1I!51!I45H!L,(I!,1I!I1(,1I!g!Ie+5Hc21II12!g!,6!
B45?(lH1! IL6H+6,1.! P5! 1OO1H/! L,(I+1(2I! B4DL635+1I! L2+=c1I! I1! I45H! ,65Bc1I! ,1! )cO+! )1!
B45B(2215B12! ,1I! ,16)12I! )65I! ,1! )4D6+51.! K1! L,(I/! L4(2! )1I! 26+I45I! c=+)15H1I! )1!
B4rH/! ,1I! 6315B1I! IL6H+6,1I! 56H+456,1I! 45H! )r! I1! )+=12I+O+12! 1H! 45H! L12D+I! 6(W!

15H21L2+I1I!L2+=c1I!)1!Ie+DL4I12.!7+5I+/!15!)cB1DN21!"f$f/!,6!B4DL635+1!CL6B1!\!O(H!
,6! L21D+d21! g! 15=4:12! (5! 153+5! IL6H+6,! )65I! ,e42N+H1! N6II1! )1! ,6! U1221.! P5!"f$"/! ,1!

B6234! K26345! O(H! c36,1D15H! ,1! L21D+12! 153+5! 26=+H6+,,65H! ,e;CC! g! lH21! 15H+d21D15H!
O+565Bc!L62!(51!I4B+cHc!L2+=c1.!J1I!D+II+45I!O(H(21I!)1!CL6B1!\!I1!L24O+,15H!c36,1D15H!
=12I!,6!L,65dH1!G62I/!6=1B!,1!L24V1H!'1)!K26345/!(51!I45)1!)(!DlD1!H:L1!?(1!K26345.!!

Ke6(H21I! B4DL635+1I! L2+=c1I! I1! L62H6315H! c36,1D15H! ,1! D454L4,1! )(! H4(2+ID1! )1!
,e1IL6B1!H1,,1!?(1!X+23+5!36,6BH+B/!\8S'!7124IL6B1!4(!15B421!>4,)15!CL+E1!84DL65:.!
81I! B4DL635+1I! L24L4I15H! 54H6DD15H! )e1DD1512! )1I! H4(2+IH1I! 15! =4,! I(N42N+H6,!
)65I!(51![451!g!L,(I!)1!$ffED!)e6,H+H()1!6(H4(2!)1!,6!U1221.!!
K65I!(51!4LH+?(1!L,(I!(H4L+?(1/!,e(5!)1I!)125+12I!L24V1HI!,65BcI!L62!(51!B4DL635+1!

L2+=c1!1IH!,1!L24V1H!G62I!S51/!?(+!B45I+IH1!15!(5!6,,12!I+DL,1!=12I!,6!L,65dH1!24(31/!1H!
,ecH6N,+II1D15H!)e(51!B4,45+1!)dI!"f"%.!!

J1!H4(2+ID1!)1! ,e1IL6B1/!N+15!?(e15!L,1+5!1II42/!51!L4IId)1!L6I!15B421! ,1I!B6L6B+HcI!
I(OO+I65H1I! L4(2! 2c1,,1D15H! B45B(2215B12! ,1I! 6315B1I! IL6H+6,1I.! P5! 21=65B91/! I(2!
B12H6+5I! L4+5HI/! H1,I! ?(1! ,1! O+565B1D15H! )1I! D+II+45I/! B1I! B4DL635+1I! L2+=c1I!

L4IId)15H! (51! 6=65B1! 545! 5c3,+316N,1! 1H! L4(226+15H! 6BB24mH21! ,1(2! L2cI15B1! )65I!
,e1IL6B1!)65I!(5!O(H(2!L24B91.!

04 50+>$)$2+80+/:0=1/"2()&"%+*1()&(/0++
7BH(1,,1D15H/! ,1I! D+II+45I! g! N42)! )1! ,e;CC! 21L2cI15H15H! ,6! D6V42+Hc! )1I! D+II+45I!
9(D6+51I! )65I! ,e1IL6B1! 6(! I1+5! )1I?(1,,1I! ,1I! 6IH2456(H1I! 2c6,+I15H! )+OOc215H1I!
cH()1I! D+I1I! 15! L,6B1! L62! ,1I! IB+15H+O+?(1I.! J1I! L24V1HI! 2c6,+IcI! 45H! L4(2! N(H!
)e6LL42H12!)1I!c,cD15HI!)1!2cL45I1I!6(W!?(1IH+45I!L4Ic1I!6(W!B4(2I!)1!21B912B91I!
I(2!U1221/!D6+I! c36,1D15H!)1!L2cL6212! ,1I! O(H(21I!D+II+45I! IL6H+6,1I/! 15!L2c=1565H!

,1I!)+OOc215HI!L24N,dD1I!)1!I65Hc!6(W?(1,I!I45H!I(V1HI!,1I!6IH2456(H1I.!
7(V4(2)e9(+/! ,1I! 6315B1I! IL6H+6,1I!56H+456,1I/!D6+I! c36,1D15H!L,(I+1(2I! B4DL635+1I!
L2+=c1I!I45H! +DL,+?(c1I!)65I! ,e1WL,426H+45!IL6H+6,1!6=1B!)1I!L24V1HI!)1!L,(I!15!L,(I!

6DN+H+1(W.!G6,32c!,6!)+D+5(H+45!)1I!O45)I!6,,4(cI/!,6!B45?(lH1!IL6H+6,1!21IH1!(51!)1I!
L2+42+HcI! )1I! 56H+45I! +DL,+?(c1I! 6=1B! )e+DL42H65HI! 15V1(W! 3c4L4,+H+?(1I.! P5! 1OO1H/!

N16(B4(L!)1!56H+45I!+DL,+?(c1I!)65I!,6!B45?(lH1!IL6H+6,1!45H!)c=1,4LLc!)1I!L24V1HI/!
6BH(1,,1D15H! 15! L,6B1/! 4(! I(2! ,1I! 655c1I/! =4+21! ! ,1I! )cB155+1I! g! =15+2! 6=1B!
,e1WL,426H+45! )1! G62I! B4DD1! ,e(5! )1I! L24V1HI! L9621I.! u! ,e91(21! 6BH(1,,1/! I1(,I! )1I!

24N4HI! 4(! I45)1I! I1! I45H! 6LL24B9cI! 4(! L4IcI! I(2! ,6! L,65dH1! 24(31.! v(1,?(1! L1(!
1II4(OO,c1/! 15! "ff%! ,6! O12=1(2! L4(2! ,6! )cB4(=12H1! )1! G62I! 6! L2+I! (5! 2136+5! 6=1B!



! ""!

8(2+4I+H:/!(5!24N4H!)c=1,4LLc!L62!,6!R7C7!15!B4,,6N426H+45!6=1B!)1I!IB+15H+O+?(1I!)1!

L,(I+1(2I!L6:I.!;,!cH()+1!1H!6LL42H1!15B421!6(V4(2)e9(+!(5!N45!54DN21!)e+5O42D6H+45I!
I(2! ,6! B4DL4I+H+45!)1! I1I! I4,I/! 4(!15B421! ,e6HD4IL9d21!)1!G62I.!8(2+4I+H:!4OO21!)1I!

L94H4I!)1I!L6:I631I!D62H+15I/!L12D1HH65H!)1!B4DL215)21!(5!L1(!L,(I!I45!9+IH4+21/!I6!
O42D6H+45!1H!L1(H!lH21!,6!L2cI15B1!)1!=+1!65Hc2+1(21.!M,(I!2cB1DD15H/!,6!I45)1!G6=15/!
)c=1,4LLc1! L62! ,6! R7C7/! 6! 6LL42Hc! I1I! L21D+12I! B,+B9cI! I(2! ,6! B4DL4I+H+45! )1!
,e6HD4IL9d21!D62H+1551.!]51!I1B45)1!I45)1!IL6H+6,1/!GSG/!B1HH1!O4+I@B+!15=4:c1!L62!
,e;5)1!1IH!?(65H! g! 1,,1! 15H2c1!)65I! ,e6HD4IL9d21! O+5! I1LH1DN21!"f$%.!K65I!(5! O(H(2!

L24B91/!6(W!PH6HI@]5+I/!,6!R7C7!6!L,65+O+c!,6!B6LH(21!)e(5!6IHc24p)1/!?(+!I126!L,6Bc!15!
42N+H1!6(H4(2!)1!,6!J(51.!J6!)cB155+1!I(+=65H1!I126!c36,1D15H!,e4BB6I+45!)1!D1HH21!15!

L,6B1!)1I!96N+H6H+45I!I(2!G62I!1H!)1!L12D1HH21!g! ,e94DD1!)ecH()+12!6(!L,(I!L2dI! ,6!
L,65dH1.! P5!L626,,d,1/! (51!D+II+45!?(+! L215)26!L,6B1! 15!"f$T! 1H! "f$^! 1H! ?(+! 2c(5+H!
,ePC7! 1H! '4IB4ID4I/! PW4G62I/! )1=26+H! 6LL42H12! )1I! c,cD15HI! )1! 2cL45I1I! ?(65H! g!

,ec=15H(6,+Hc!)1!,6!L2cI15B1!)1!=+1!L62!,1!L6IIc!I(2!G62I.!!
8e1IH!)65I!B1!B45H1WH1!)e1WL,426H+45!IL6H+6,1!?(1! ,6!)(2c1!)1I!=4,I/! 6BH(1,,1D15H!)1!

?(1,?(1I!D4+I/!=6!Ie6,,45312.!;,!)1=+15H!)45B!(2315H!)1!L2c=15+2!6(!D6W+D(D!,e+DL6BH!
)1! ,6! L12H1! 4(! )1! ,6! )+D+5(H+45! )1! ,6! 326=+Hc! 1W12Bc1! I(2! ,1I! 6IH2456(H1I! 1H! )1!
)c=1,4LL12!)1I!B45H21D1I(21I!1OO+B6B1I!L4(2!:!L62=15+2.!J1I!IB+15H+O+?(1I!15!45H!O6+H!
(51!L2+42+Hc!1H!I1!B45B15H215H!6+5I+!I(2!,e+DL6BH!)1!,6!D+B24326=+Hc!2c1,,1!4(!I+D(,c1!
L24,453c1!I(2!,6!L9:I+4,43+1!9(D6+51.!!

!
! !
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=1 "&$!'4>#$!'&!0-!/#)-$%3),-+%#;+&!&%!0&$!*)'90&$!

'?4%+'&1!

(4 <8(1)()&"%*+?+/(+#&'2";2(7&)3+
K1L(+I! ,1I! L21D+12I! =4,I! IL6H+6(W/! L,(I+1(2I! B45Ic?(15B1I! L9:I+4,43+?(1I! 1H!

L6H94,43+?(1I! )1! B1I! =4,I! 45H! cHc! )cB2+H1I! B91[! ,1I! 6IH2456(H1I.! U4(H! )e6N42)/! I(2!
H1221/! ,6! B4DL4I+H+45! )1! ,e6HD4IL9d21! L12D1H! (51! L24H1BH+45! B45H21! ,1I! 26)+6H+45I!
cD+I1I!L62!,1!I4,1+,.!K65I!,e1IL6B1/!15!21=65B91/!B1HH1!N622+d21!1IH!6NI15H1!1H!1WL4I1!

6+5I+! ,1I! 94DD1I! g! (51! )4I1! L,(I! +DL42H65H1! )1! 26)+6H+45I! h82(B+65! 1H! 6,./! "f$%i.!
Je+DL6BH!2c1,!)1I!26)+6H+45I!I(2!,e42365+ID1!1IH!g!B45I+)c212!g!B4(2H!1H!g!,453!H12D1!

hM1H24=/! "ff"i.! P5! 1OO1H/! )e6L2dI! )1I! cH()1I! 2cB15H1I/! ,e1WL4I+H+45! L24,453c1! 6(W!
26)+6H+45I! 15! B45)+H+45!)1!D+B24326=+Hc! L1(H! 1WL4I12! ,1I! 6IH2456(H1I! g! )1I! 2+I?(1I!
L,(I!+DL42H65HI!B4DD1!B1,(+!)1!B45H26BH12!(51!D6,6)+1!+5O1BH+1(I1.!81!2+I?(1!I126+H!
D(,H+L,+c!L62!)1(W!6(!B4(2I!)1I!=4,I!hU4))!1H!6,./!$bbbi.!U4(H1O4+I/!,1I!2+I?(1I!2c1,I!)1!
,e1WL4I+H+45! 6(W! 26)+6H+45I! 21IH15H! )+OO+B+,1D15H! c=6,(6N,1I/! 54H6DD15H! B1(W! ,+cI! g!
(51! )4I1! 6+3(1! )1! 26)+6H+45I/! H1,,1! ?(1! B1,,1! +5)(+H1! L62! )1I! c2(LH+45I! I4,6+21I! L62!
1W1DL,1! hK(265H1/! "ff^i.! C(2! U1221/! +,! 1IH! N+15! B455(! ?(e(51! 1WL4I+H+45! L24,453c1!

O6=42+I1! ,1!)c=1,4LL1D15H!)1!D6,6)+1I! H1,,1I!?(1!)1I!B65B12I!hP+5IH1+5!1H!6,./!"ffYw!
C4)+BEI45! 1H! 6,./! "ffbi.! Rc65D4+5I/! ,1I! )455c1I! 6B?(+I1I! 6(! B4(2I! )1I! D+II+45I!
IL6H+6,1I!51!L12D1HH15H!L6I!)ecH6N,+2!B1!2+I?(1!)1!O6t45!L2cB+I1.!7O+5!)1!L24Hc312!6(!

D6W+D(D!,1I!6IH2456(H1I!)1I!1OO1HI! +5)cI+26N,1I!)1I!26)+6H+45I/!L,(I+1(2I!IH26Hc3+1I!
45H!cHc!L24L4Ic1I!Z!2c)(+21! ,6!)+IH65B1!6=1B! ,6!I4(2B1!)1!26)+6H+45/!2c)(+21! ,1!H1DLI!

)e1WL4I+H+45!1H_4(!B2c12!(51!L24H1BH+45!1OO+B6B1.!J6!I4,(H+45! ,6!L,(I!I+DL,1!g!D1HH21!
15!k(=21!21IH1!)1!)c=1,4LL12!(51!L24H1BH+45!1OO+B6B1!B45H21!,1I!26:45I!B4ID+?(1I/!15!
(H+,+I65H! )1I! D6Hc2+6(W! ! L2cI15H65H! ,1! D1+,,1(2! B4DL24D+I! 15H21! ?(6,+Hc! )1! ,6!

L24H1BH+45/!L4+)I/!)+IL45+N+,+Hc!)1!,6!21II4(2B1!1H!B4rH!hK(265H1/!"ff^w!C96=12I!1H!6,./!
"ff%i.! K125+d21D15H/! )1I! )455c1I! I(2! ,1I! 2+I?(1I! )e1WL4I+H+45! 6(W! 26)+6H+45I! I(2!

G62I!45H! cHc!L(N,+c1I!32sB1!6(W! +5O42D6H+45I!15=4:c1I!L62! ,6! I45)1!8(2+4I+H:.!7! ,6!
,(1(2!)1!B1I!)455c1I/! +,!6LL626mH!c=+)15H!?(e6=1B! ,1I!D4:15I!)1!L24H1BH+45!15!L,6B1!
6BH(1,,1D15H/! ,e1WL4I+H+45! )1I! 6IH2456(H1I! 6(W! 26)+6H+45I! 6(! B4(2I! )1! ,1(2I! O(H(21I!
D+II+45I! D62H+1551I! )cL6II126+H! ,1I! I1(+,I! ,+D+H1I! 1H! 15H26+5126+H! )1I! 2+I?(1I!
+DL42H65HI!L4(2!,6!I65Hc!)1I!6IH2456(H1I!hF6II,12!1H!6,./!"f$%w!<1+H,+5!1H!6,./!"f$#i.!!

Je1WL4I+H+45!6(W!26)+6H+45I!51!21L2cI15H1!L6I!,6!I1(,1!B45H26+5H1!+DL4Ic1!L62!
,1I! =4,I! 15! 42N+H1.! J1! 21H15H+II1D15H! ! LI:B94,43+?(1! 1IH! (5! c,cD15H! +DL42H65H! g!
L215)21! 15! B4DLH1! ,42I! )1! ,ec=6,(6H+45! )1I! 2+I?(1I! ,+cI! 6(W! D+II+45I! IL6H+6,1I.! J1!
B45O+51D15H!1H! ,e+I4,6H+45!B2ccI!L62! ,1I!B45)+H+45I!)1!=+1!g!N42)!)1!,e;CC!L1(=15H/!15!
1OO1H/! 21L2cI15H12! (5! 2+I?(1! +DL42H65H! L4(2! ,6! I65Hc! D15H6,1! )1I! 6IH2456(H1I.! J1I!

B4,,6N426H+45I!15H21! ,1I!L6:I! ,1I! 6Dd515H! g! H26=6+,,12! 6=1B!)1I! I(V1HI! +II(I!)e6(H21I!
56H+45I! 1H/! )1! B1! O6+H/! g! Ie6)6LH12! 6(W! (I! 1H! B4(H(D1I! )1! B96B(5.! S(H21! B1I!

B96531D15HI/! +,I! I45H! c36,1D15H! I(V1HI! g! ,e+I4,1D15H/! g! (51! )+D+5(H+45! )1! ,6! =+1!



! "%!

I4B+6,1/!g!,6!)+D+5(H+45!)1I!B45H6BHI!6=1B!,1(2!O6D+,,1!1H!6D+I.!K1I!cH()1I!2c6,+Ic1I!6(!

B4(2I! )1I! =4,I! IL6H+6(W/! 54H6DD15H! )65I! G+2! 4(! L,(I! 2cB1DD15H! g! N42)! )1! ,e;CC/!
26LL42H15H!)1I!B96531D15HI!)65I!,e9(D1(2!4(!(5!IH21II!B91[!,1I!6IH2456(H1I!hxCH21II!

896,,1531I!65)!;DD(5+H:!+5!CL6B1/x!"f$$i!H4(H!B4DD1!,1I!cH()1I!)1!B45O+51D15H!1H!
)e+I4,1D15H! 2c6,+Ic1I! I(2!U1221! h;I9+[6E+! 1H! 6,./! "ff"w! C16H45!1H! 6,./! "ffbi.!812H6+51I!
)+OOc215B1I! I45H! H4(H1O4+I! g! 54H12! 15H21! ,1I! )1(W!D4)d,1I.! U4(H! )e6N42)/! ,1I! cH()1I!
2c6,+Ic1I! I(2! U1221! +5B,(15H! )1I! +5)+=+)(I/! B12H1I! H2+cI! I(2! ,1! =4,1H/! D6+I! 6=1B! )1I!
B2+Hd21I! B45B12565H! ,1! L24O+,! LI:B94,43+?(1! ?(+! I45H! D4+5I! IH2+BHI! ?(1! ,42I! )1! ,6!

Ic,1BH+45! )1I! 6IH2456(H1I.! 81I! )125+12I! I45H! I4(=15H! )e65B+15I!D+,+H6+21I! 4(! L+,4H1I!
)4HcI! )e(51! B6L6B+Hc! )e6)6LH6H+45! +DL42H65H1.! K1! L,(I/! ,e1WB+H6H+45! B2cc1! L62! ,1I!

D+II+45I! IL6H+6,1I! L4(226+H! V4(12! (5! 2o,1! )1! L2c=15H+45/! 15! B4DL626+I45! 6=1B! ,1I!
D+II+45I! 2c6,+Ic1I! I(2! U1221! ?(1! B1,6! I4+H! )65I! ,6! IH6H+45! )ecH()1! 845B42)+6! 15!
75H62BH+?(1! 4(! )65I! ,1I! B,+5+?(1I! IL6H+6,1I.! Je15I1DN,1! )1! B1I! )455c1I! I4(,+351!

,e+DL42H65B1! )1I! L2cL626H+45I! LI:B94,43+?(1I! )1I! 6IH2456(H1I! 6(! IH21II/! 6(!
B96531D15H! )e15=+24551D15H/! g! ,e155(+! 1H! g! ,e+I4,1D15H.! J1I! DcH94)1I! )1!

L2cL626H+45/!6BH(1,,1D15H!6LL,+?(c1I!L62! ,e15I1DN,1!)1I!L62H156+21I! +5H1256H+456(W!
L62H+B+L15H! g! ,6! B49cI+45! )1I! c?(+L1I! 6(! I1+5! )1! ,e;CC.! P5O+5/! ,6! 5(H2+H+45! V4(1!
c36,1D15H!(51!L62H!+DL42H65H1!)65I!,ec?(+,+N21!LI:B94,43+?(1!)1I!+5)+=+)(I!hJ651!1H!
6,./!"ff"i.!P5!1OO1H/!(51!5(H2+H+45!6)6LHc1!6(W!N1I4+5I!c5123cH+?(1I!=6!L12D1HH21!)1!
D6+5H15+2! 1H! L2c=15+2! ,1! 5+=16(! )1! O6H+3(1/! 1H! )1! B1! O6+H! ,1! IH21II! )1I! 6IH2456(H1I.!

Je9(D1(2! I126! c36,1D15H! +DL6BHc1! L62! ,6! ?(6,+Hc! )1! ,e6,+D15H6H+45/! I65I! 4(N,+12!
,e+DL6BH!O6=426N,1!)1!,ecB96531!1H!)(!L62H631!)1!D4D15HI!B45=+=+6(W!6=1B!,1I!6(H21I!
96N+H65HI!)1!,6!IH6H+45!IL6H+6,1!)(265H!,1I!21L6I!h8156!1H!6,./!"ff#i.!!

S(H21! ,e+DL6BH! LI:B94,43+?(1/! ,e15=+24551D15H! D+B24326=+H6+21! =6! 6=4+2! (5!
1OO1H! +DL42H65H!I(2! ,1I!O45BH+45I!L9:I+4,43+?(1I!)1!,e42365+ID1.!P5!1OO1H/! ,6!L12H1!)1!

326=+Hc!=6!+5)(+21!)1(W!L2+5B+L6(W!B96531D15HIZ!,e+56BH+=+Hc!L9:I+?(1!Ic=d21!+5)(+H1!
L62! ,e6NI15B1! )1! O42B1! Ie1W12t65H! I(2! ,1I! IH2(BH(21I! )1! I4(H+15! )(! B42LI! 1H! (51!
6,Hc26H+45! )1! ,6! 2cL62H+H+45! )1I! O,(+)1I! B42L421,I.! 81I! )1(W! B45Ic?(15B1I! )1!
,e15=+24551D15H!D+B24326=+H6+21!=45H!L24=4?(12!(51!6)6LH6H+45!)(!B42LI!9(D6+5!?(+!
I1!H26)(+H!L62!(5!)cB45)+H+4551D15H!B62)+4=6IB(,6+21/!(51!6H24L9+1!D(IB(,6+21/!(51!
L12H1!)1!,6!)15I+Hc!4II1(I1!1H!)1I!H24(N,1I!DcH6N4,+?(1I.!81I!)+OOc215H1I!6)6LH6H+45I!
L9:I+4,43+?(1I!I45H!)cH6+,,c1I!)65I!,1!B96L+H21!I(+=65H.!!

!
Je6)6LH6H+45! )1I! 6IH2456(H1I! 6(! L6II631! g! ,e15=+24551D15H! D+B24326=+H6+21/! 6(II+!
N+15! LI:B94,43+?(1/! L9:I+?(1! ?(1! L9:I+4,43+?(1! =6! B45)+H+45512! ,1! I(BBdI! )1I!

D+II+45I! IL6H+6,1I.! ;,! 1IH!6+5I+!5cB1II6+21!)e15!B4556mH21! ,1I!DcB65+ID1I/! 6O+5!)1! ,1I!
L2c=15+2!6(!D+1(W.! !7!B6(I1!)1I!)+OO+B(,HcI!)e6BBdI!6(W!)455c1I!15!=4,/!)(! O6+H!)1! ,6!

B4DL,1W+Hc! )1! D+I1! 15! L,6B1! )1I! L24H4B4,1I! 4(! )(! D6Hc2+1,! 5cB1II6+21/! +,! 1IH! =+H1!
6LL62(!L2+D42)+6,! )1! )c=1,4LL12!)1I!D4)d,1I! )ecH()1I!L,(I! 6BB1II+N,1I.!K1! B1! O6+H/!
)1I!D4)d,1I! 6(! I4,! I(2! ,e94DD1! 1H! ,e65+D6,! 45H! 26L+)1D15H! cHc! )c=1,4LLcI! )dI! ,1I!

L21D+12I!=4:631I!IL6H+6(W.!!



"&!

.4 50*+#"86/0*+8:3)$80+($+*"/4++
J1I!D4)d,1I!)1!I+D(,6H+45!)1!,6!D+B24326=+Hc!I(2!U1221!21B2c15H!,1I!)1(W!L2+5B+L6,1I!
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L1(=15H!21L2cI15H12!(5!6=65H631!6O+5!)1!H1IH12!8+)G8#%'!)+OOc215HI!L626DdH21I/!B4DD1!
,1I! B45H21D1I(21I! 5(H2+H+4551,,1I/! )1I! =62+6H+45I! )1! L21II+45! 4(! H1DLc26H(21.!

81L15)65H! +,! O6(H! 362)12! g! ,e1IL2+H! ?(1! B1I! cH()1I! 51! I45H! L6I! O6+H1I! 15! B45)+H+45I!
L9:I+4,43+?(1I! 2c1,,1I.! Rc65D4+5I/! 1,,1I! 21IH15H! (51! N4551! 6,H1256H+=1/! N+15! ?(1!

B45H26+3565H1!15!H12D1!)1!I(2=+1!B1,,(,6+21/!6(!D4)d,1!65+D6,!B,6II+?(1.!!
!
P5! B45B,(I+45! )1! B1HH1! I1BH+45/! ,1! L6II631! g! (5! 15=+24551D15H! D+B24326=+H6+21!
15H26+51! (51! 5cB1II+Hc! )e6)6LH6H+45! )1! ,e42365+ID1.! J6! B4DL2c915I+45! )(!
)c=1,4LL1D15H! )1! B1I! 6)6LH6H+45I! L6II1! L62! ,e(H+,+I6H+45! )1! D4)d,1I! 6)c?(6HI! )1!
D+B24326=+Hc!I+D(,c1!B91[!,e94DD1!1H!,e65+D6,.!81I!)125+12I!L12D1HH15H!,ec,6N426H+45!
)1! I4,(H+45I! )1! L2c=15H+45! 1OO+B6B1I/! 54H6DD15H! B45H21! ,1! )c=1,4LL1D15H! )1I!
6HH1+5H1I!L9:I+4,43+?(1I.!!

! !



#$!

H1 "-!*#(3)A3-7#%4!34&00&!&%!$#*+04&!5!#*.-(%!$+3!0&$!

>),(%#),$!.BI$#)0)A#;+&$1!

(4 @A*)6#0+%0$2"19A*&"/";&B$0+
J1!I:IHdD1!51(24L9:I+4,43+?(1!)1I!6IH2456(H1I!1IH!(5!)1I!L21D+12I!+DL6BHcI!

)dI! ,1I! L21D+d21I! 91(21I! )65I! ,e1IL6B1.!]5! N45!54DN21! )e6IH2456(H1I! I4(OO215H! )(!
y!D6,! )1! ,e1IL6B1!z! ?(+! I1! H26)(+H! L62! )1I! 56(Ic1I/!D6(W! )1! HlH1/! I(1(2I/! O6H+3(1! 1H!
L12H1!)e6LLcH+H!hF112!1H!6,./!"ffTw!F4D+BE/!$bYbi!1H!H4(B91!^f!g!bf|!)1I!D1DN21I!)1!

,ec?(+L631!,42I!)1I!L21D+12I!V4(2I!15!+DL1I65H1(2!h'1IB9E1!1H!6,./!$bb^i.!;,!L1(H!lH21!
6LL6215Hc! 6(!D6,! )1I! H265IL42HI! )45H! I4(OO215H! B12H6+51I! L12I4551I! I(2! H1221.! J1I!

B6(I1I!)1!B1!D6,!lH21!21IH15H!B1L15)65H!15B421!D6,!)cO+5+1I.!-42H!91(21(I1D15H!B1I!
1OO1HI! I1! )+II+L15H! 26L+)1D15H! 1H! 5e45H! ?(e(5! +DL6BH! D+51(2! I(2! ,6! I65Hc! )1I!
6IH2456(H1I.!Je+DL6BH!51(24L9:I+4,43+?(1!)1!,6!D+B24326=+Hc!I1!D65+O1IH1!c36,1D15H!
L62! )1I! H24(N,1I! )1! ,e42+15H6H+45!1H! )1! ,ec?(+,+N21! hJ6:51! 1H! 6,./! "ff$i! 6=1B! )1I!
I15I6H+45I! )1! I4,! D4(=65H! 4(! )e+,,(I+45I! L24L2+4B1LH+=1I! h'1IB9E1! 1H! 6,./! $bb^i/!
L24N6N,1D15H! )(1I! 6(! L6II631! )e(5! 15=+24551D15H! N+)+D15I+4551,! g!
H2+)+D15I+4551,.! ]5! 6V(IH1D15H! 51(24=1IH+N(,6+21! 1IH! )45B! 5cB1II6+21! 1H! L1(H!

L215)21!L,(I+1(2I!V4(2I!L4(2!I1!D1HH21!15!L,6B1!hJ651!1H!6,./!$bb#i.!J1I!DcB65+ID1I!
I4(I@H15)65H! B1I! I:DLHoD1I! 51! I45H! B1L15)65H! L6I! B,6+21D15H! c,(B+)cI.! K1I!
6,Hc26H+45I!=+I+4@IL6H+6,1I!h891245!1H!6,./!"f$%i!4(!)65I! ,6!L12B1LH+45!96(H_N6I!I45H!

c36,1D15H!)cB2+H1I!hK1!C61)1,112!1H!6,./!"f$#i.!!
C(2!H1221/!6(!B4(2I!)e(51!cH()1!)e6,+H1D15H!L24,453c!)1!Tf!V4(2I!B91[!,6!O1DD1/!(51!

6,Hc26H+45!)1! ,6!N6,65B1!L4IH(26,1!IH6H+?(1!1H!):56D+?(1!6!cHc!)cB2+H1/!I+D+,6+21!6(W!
L24N,dD1I!215B45H2cI!L62!,1I!6IH2456(H1I!g!,1(2!21H4(2!I(2!H1221!hX+3(+12!1H!6,./!"ffbw!
q4(53! 1H! 6,./! $bb#i.! J1! I:IHdD1! 51(24L9:I+4,43+?(1! +5H1263+H! c36,1D15H! 6=1B! ,1!

I:IHdD1!D(IB(,6+21!L62! ,1!N+6+I!)1! ,6!B4DD65)1!51(24,43+?(1!)1I!D(IB,1I.!C(53!1H!
6,.! h"f$#i! 45H! c36,1D15H! )cD45H2c! (51! )+D+5(H+45! )1! ,e+DLc)65B1! c,1BH2+?(1! )(!

D(IB,1/!6+5I+!?(1!)1!I45!cH6H!B45H26BH+,1!hA42:6E/!$bb&w!C(53!1H!6,./!"f$#i.!!
!

.4 @A*)6#0+&##$%&)(&20+
J6! D+B24326=+Hc/! ,1! B96531D15H! )e15=+24551D15H/! ,1I! 26)+6H+45I! 1H! ,6! L2+=6H+45! )1!

I4DD1+,! I45H! )1I! O6BH1(2I! )1! IH21II! +DL42H65HI! ?(+! =45H! D4)(,12! ,1I! 2cL45I1I!
+DD(5+H6+21I!)1! ,e42365+ID1.! J6! 2cI(,H65H1!)1! B1I! B96531D15HI! 1IH! (51!)+D+5(H+45!
)1I! )cO15I1I! +DD(5+H6+21I/! L24L+B1! 6(! )c=1,4LL1D15H! )e+5O1BH+45I! h82(B+65! 1H! 6,.!
"ffb/!C45515O1,)!1H!6,.!"ff"i.!J1I!)c2c3(,6H+45I!)1!,6!O45BH+45!+DD(51!=45H!=62+12!15!
O45BH+45! )1! ,6! )(2c1! )1I! D+II+45I.! 7+5I+/! I(2! ,1I! )(2c1I! ,1I! L,(I! ,453(1I/! (51!

)+D+5(H+45!)1I!B1,,(,1I!+DD(5+H6+21I!1IH!4NI12=c1/!H4(B965H!54H6DD15H!,1I!B1,,(,1I!U!
h82(B+65!1H!6,./!"ffbw!C45515O1,)!1H!6,./!"ff"i.!K1!L,(I/!I(2!)1I!B(,H(21I!B1,,(,6+21I/!45!



! #"!

4NI12=1!(51!6(3D15H6H+45!)1!B:H4E+51I!L24+5O,6DD6H4+21I!H1,,1I!?(1!,1!UR-@a/!,e;J@$!

4(!15B421!,e+5H12Oc245!6,L96!h896L1I!1H!6,./!$bb"i.!Je6HH1+5H1!)(!I:IHdD1!+DD(5+H6+21!
?(1!B1,6!I4+H!g!B4(2H!4(!g!,453!H12D1!L1(H!L24=4?(12!)1I!2+I?(1I!Ic=d21I!L4(2!,6!I65Hc!

)1I!6IH2456(H1I.!
7(! I4,/! ,1I! cH()1I! 2c=d,15H! )1I! 2cI(,H6HI! =62+6N,1I! 15! O45BH+45! )1I! D4)d,1I! )1!
I+D(,6H+45.! P5! 1OO1H/! B12H6+51I! )455c1I! 51! I45H! L6I! H4H6,1D15H! +)15H+?(1I! g! B1,,1I!
21H24(=c1I!15!=4,!hCB9D+HH!1H!6,./!"fffi.!81L15)65H!,e6,+H1D15H!L24,453c!21IH1!H4(H!)1!
DlD1!(5!N45!D4)d,1!)1!I+D(,6H+45!)(!IH21II!)c=1,4LLc!6(!B4(2I!)1I!=4,I!h894(E12!

1H!6,./!"ff$i.!

'4 @A*)6#0+'(28&"7(*'$/(&20+
C(2!H1221/!15!26+I45!)1!,6!O42B1!1W12Bc1!L62!,6!326=+Hc/!,1I!O,(+)1I!B42L421,I/!H1,I!

?(1! ,1! I653! 4(! ,e16(/! I45H! 2cL62H+I! g! Yf|! 15! )1II4(I! )(! Bk(2.! K65I! ,e1IL6B1/! ,6!

)+IH2+N(H+45! )1=+15H! L2cOc215H+1,,1D15H! H9426B4@BcL96,+?(1.! M9:I+?(1D15H/! B1!
B96531D15H! I1! H26)(+H! L62! (5! 345O,1D15H! )(! =+I631/! )r! g! ,e6LL42H! I653(+5! L,(I!

+DL42H65H! )65I! ,6! L62H+1! I(Lc2+1(21! )(! B42LI! hX125+E4I/! $bbTi.! Ke(5! L4+5H! )1! =(1!
L9:I+4,43+?(1/! ,e9:L12=4,cD+1! H9426B+?(1! 1IH! )cH1BHc1! L62! )1I! N6242cB1LH1(2I!
B62)+6?(1I!I+H(cI!6(!5+=16(!)(!=15H2+B(,1!B62)+6?(1/!?(+/!15!2cL45I1/!15H26+515H!(51!
)+D+5(H+45! )(! =4,(D1! I653(+5! 15! 6(3D15H65H! ,6! )+(2dI1! hM1294515! 1H! 6,./! "ff$i!
h-+3(21! "! @! 96(Hi.! Je(51! )1I! B45Ic?(15B1I! )1! ,e9:L4=4,cD+1! L24=4?(c1! 1IH! (51!

)+D+5(H+45!)1!,6!H6+,,1!1H!(5!21D4)1,631!)(!D(IB,1!B62)+6?(1!hF62315I!1H!6,./!"ffbi.!
81HH1!6)6LH6H+45!)(!=4,(D1!)1I!O,(+)1I!L62!(51!2c)(BH+45!)(!326)+15H!9:)24IH6H+?(1!
I1!O6+H!)dI!,1I!L21D+12I!V4(2I!)1!=4,!1H!I1!D6+5H+15H!H4(H!6(!,453!)(!IcV4(2.!7(!21H4(2!

I(2! H1221/! ,6! 326=+Hc! =6! 2cH6N,+2! ,6! )+IH2+N(H+45! +5+H+6,1! )1I! O,(+)1I.! 81L15)65H/!
,e9:L4=4,cD+1! 6+5I+! ?(1! ,e6H24L9+1! B62)+6?(1!51!L12D1HH15H!L,(I!(5! 6LL42H! I653(+5!

I(OO+I65H!6(!B12=16(!L4(2!6II(212!(5! O45BH+4551D15H!4LH+D6,!1H!L24=4?(15H! ,1!L,(I!
I4(=15H! (51! I:5B4L1.! 81! L9c54Dd51! 1IH! 6LL1,c! 9:L4H15I+45! 42H94IH6H+?(1.! P,,1! I1!

D65+O1IH1! B91[! ,e94DD1! ,42I! )e(5! L6II631! H24L! 26L+)1! )1! ,6! L4I+H+45! 6II+I1! 4(!
B4(B9c1!g!,6!L4I+H+45!)1N4(H.!891[!,1I!6IH2456(H1I/!)1I!cH()1I!45H!)cD45H2c!?(1!$&!g!
T%|! )e15H21! 1(W! O45H! (51! I:5B4L1! g! ,1(2! 21H4(2! I(2! H1221! hq6H1I! 1H! 6,./! $bb^i.! 7(!

5+=16(! =6IB(,6+21/! L,(I+1(2I! cH()1I! 6(! B4(2I! )1! =4,I! IL6H+6(W! 45H! D45H2c! (5!
21D4)1,631! ?(+! B45H2+N(126+H! g! B1HH1! +5H4,c265B1! 42H94IH6H+?(1.! P5! 1OO1H/! ,6! 2cL45I1!
=6IB(,6+21! 5e1IH! L6I! ,6! DlD1! 6(! 5+=16(! )1I! D1DN21I! I(Lc2+1(2I! 1H! )1I! D1DN21I!
+5Oc2+1(2I.!K65I!,1I!D1DN21I!+5Oc2+1(2I/!,1!I:IHdD1!=6IB(,6+21!I(N+H!(51!9:L4H24L9+1/!
6+5I+!?(e(51!)+D+5(H+45!)1!,6!=6I42c6BH+=+Hc!h<9653!1H!6,./!"f$"i/!D6+I!15!21=65B91/!45!

4NI12=1!c36,1D15H!(51!)+D+5(H+45!)1!,6!B45H26BH+,+Hc!=6IB(,6+21!hM(2):!1H!6,./!$bb^i.!
Je+5=12I1! 1IH! 4NI12=c! )65I! ,1I! =6+II16(W! )1I! D1DN21I! I(Lc2+1(2I! 1H! 6(! 5+=16(!
Bc2cN26,!15!2cL45I1!g!,e6)6LH6H+45!g!,e9:L12=4,cD+1!Bc2cN26,1!h<9653!1H!6,./!"f$"i.!81I!
I:DLHoD1I/! ,42I?(e+,I! I45H! B4(L,cI! g! (51! )+D+5(H+45! )1! ,6! B6L6B+Hc! g! ,e1W12B+B1/! (5!
6(H21! I:DLHoD1! )r! g! ,6! D+B24326=+Hc/! L24=4?(15H! B1! ?(1! ,e45! 6LL1,,1! ,1!

)cB45)+H+4551D15H!B62)+4=6IB(,6+21.!!
J1I! cH()1I! 6(! I4,! +5)(+I15H! ,1I! DlD1I! 6,Hc26H+45I! ?(1! B1,,1I! I(N+H1I! L62! ,1I!

6IH2456(H1I!Z! (51! +5H4,c265B1! 42H94IH6H+?(1/! (51! 6H24L9+1! B62)+6?(1! hq653! 1H! 6,./!



##!

"f$$i!15!L62H+B(,+12!)(!=15H2+B(,1!36(B91!hF6IH+53I!1H!6,./!"f$"i/!(51!)+D+5(H+45!)(!
N6242cO,1W1! h84(Lc!1H!6,./!"f$$i!I1B45)6+21!g! ,6!)+D+5(H+45!)1! ,6!L21II+45!I653(+51!
6+5I+! ?(e(51! 6HH1+5H1! 15)4H9c,+6,1! ?(+! L4(226+H! B45H2+N(12! 6(! )c=1,4LL1D15H! )1I!

I:DLHoD1I! B+HcI! L,(I! 96(H! h84(L1! 1H! 6,./! "ffbi.! Je6,+H1D15H! L24,453c! +5)(+H!
c36,1D15H!,1I!DlD1I!6HH1+5H1I!B62)+421IL+26H4+21I!hU26LL1!1H!6,./!"ffTi.!P5!21=65B91/!
,1! I:IHdD1! )1! B463(,6H+45! 51! I1DN,1! L6I! lH21! +DL6BHc! L62! ,6!D+B24326=+Hc! I+D(,c1!
hF6+)12! 1H! 6,./! "f$#i.! P5! B45B,(I+45/! ,e6HH1+5H1! B62)+4=6IB(,6+21! 6(II+! N+15! I(2! H1221!
?(1! )65I! ,e1IL6B1! I1! B626BHc2+I1! L62! (5! 21D4)1,631! B62)+4=6IB(,6+21! )r!

L2+5B+L6,1D15H!6(!B96531D15H!)1!,6!)+IH2+N(H+45!)1I!O,(+)1I!B42L421,I.!C(2!H1221/!)1I!
cH()1I!L4L(,6H+4551,,1I! B+N,65H!54H6DD15H! ,1I!L12I4551I! s3c1I/! L,(I! O2c?(1DD15H!

I(V1HH1I! g! ,e9:L4H15I+45! 42H94IH6H+?(1/! 45H! 2c=c,c! ?(1! )1I! B6215B1I! 15! B12H6+51I!
=+H6D+51I/! H1,,1I! ?(1! ,6! =+H6D+51! K! hGB86224,,! 1H! 6,./! "f$"w! C4:I6,! 1H! 6,./! "f$%i! 4(!
15B421! 0$"! h>65V191+! 1H! 6,./! "f$"i! L4(226+15H! c36,1D15H! B45H2+N(12! 6(!

)c=1,4LL1D15H!)e(51! +5H4,c265B1!42H94IH6H+?(1.!81I!2cI(,H6HI! +5)+?(15H!6+5I+!?(1! ,6!
5(H2+H+45!L4(226+H!c36,1D15H!B45H2+N(12!6(!)cB45)+H+4551D15H!B62)+4=6IB(,6+21.!

!

!
-+3(21! Y!Z! X62+6H+45I! )1! ,6! O2c?(15B1! B62)+6?(1! h-8i! 1H! )1I! L21II+45I! I653(+51I! I:IH4,+?(1! hMCCi! 1H!

)+6IH4,+?(1! hMCKi! B91[! )1I! 6IH2456(H1I! I(V1H! 4(! 545! g! (51! I:5B4L1! 6L2dI! (5! =4,! IL6H+6,! hC+36()4@

'4(II1,!1H!6,./!"ff$i.!!

84 @A*)6#0+#$*'$/"C*B$0/0))&B$0+
C(2! H1221/! ,6! O42B1! 326=+H6H+4551,,1! 1IH! 21IL45I6N,1! )1! ,6! B96231! 1W12Bc1! I(2! ,6!
IH2(BH(21! D(IB(,4@I?(1,1HH+?(1! ?(+! 6II(21! ,1! I4(H+15! B42L421,! 1H! L12D1H! ,1!

D4(=1D15H! 1H! ,1I! )cL,6B1D15HI.! 7! ,e4LL4Ic/! )65I! ,e1IL6B1/! ,e6NI15B1! )1! 326=+Hc!
15H26+51!(51!O42H1!)+D+5(H+45!)1!B1HH1!O42B1!1W12Bc1!I(2!,1I!D(IB,1I!1H!,1I!4I!hJ10,65B!

1H!6,./!"fffNw!J10,65B!1H!6,./!"ffYw!CH1+5/!"f$"w!X+B4!1H!6,./!"fffi.!Je6HH1+5H1!D(IB(,6+21!



! #%!

I1!H26)(+H/!g!L,(I!4(!D4+5I!,453!H12D1/!L62!(51!6H24L9+1!h-+3(21!^i/!?(+!H4(B91!H4(I!,1I!

D(IB,1I/! 1H! L,(I! L62H+B(,+d21D15H! B1(W! )1I! D1DN21I! +5Oc2+1(2I! 1H! ,1I! D(IB,1I!
L4IH(26(W! h7)6DI! 1H! 6,./! "ff#w! R62+B+! 1H! 6,./! "f$$i.! P5! 1OO1H/! L4(2! ,1I! D1DN21I!

+5Oc2+1(2I/!,e6H24L9+1!D(IB(,6+21!L1(H!6HH1+5)21!"%|!L4(2!,1I!D(IB,1I!L4IH(26(W!,42I!
)1I!=4,I!)1!$bY!V4(2I!B4DL62cI!g!(5!D6W+D(D!)1!$"|!L4(2!(5!D(IB,1!545@L4IH(26,!
hJ10,65B! 1H! 6,./! "fff6i.! ]51! )+D+5(H+45! )1! ,6! I:5H9dI1! L24Hc+?(1! B45H2+N(1! g! B1HH1!
6H24L9+1/! 2cI(,H65H! 15! (51! N6,65B1! L24Hc+?(1! 5c36H+=1! 6(! B4(2I! )1I! =4,I! IL6H+6(W!
hCH1+5/!"f$"i.!;,!6!cHc!D45H2c!?(1!,e6H24L9+1!D(IB(,6+21!1IH!)(1!g!(51!)+D+5(H+45!15!

H6+,,1!)1I! O+N21I!1H!545!)1! ,1(2!54DN21! hU+IB9,12!1H!6,./!$bb&i.!M626,,d,1D15H!g! B1HH1!
L12H1!)1!D6II1!D(IB(,6+21/!45!4NI12=1!(51!)+D+5(H+45!)1!,6!O42B1!D(IB(,6+21!h-+3(21!

bi.!7L2dI!I1(,1D15H!?(1,?(1I!V4(2I!)1!D+B24326=+Hc/!)1I!B4ID456(H1I!2(II1I!6=6+15H!
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Although it is no longer debatable that sedentary behaviors are an actual cause of
many metabolic diseases, the physiology of physical inactivity has been poorly
investigated for this purpose. Along with microgravity, the physiological adapta-
tions to spaceflights require metabolic adaptations to physical inactivity, and that is
exceedingly well-simulated during the ground-based microgravity bed-rest analogs.
Bed rest thus represents a unique model to investigate the mechanisms by which
physical inactivity leads to the development of current societal chronic diseases.
For decades, however, clinicians and physiologists working in space research have
worked separately without taking full awareness of potential strong mutual ques-
tioning. This review summarizes the data collected over the last 60 years on
metabolic adaptations to bed rest in healthy subjects. Our aim is to provide evidence
that supports the hypothesis that physical inactivity per se is one of the primary
causes in the development of metabolic inflexibility. This evidence will focus on
four main tenants of metabolic inflexiblity: 1) insulin resistance, 2) impaired lipid
trafficking and hyperlipidemia, 3) a shift in substrate use toward glucose, and 4) a
shift in muscle fiber type and ectopic fat storage. Altogether, this hypothesis places
sedentary behaviors upstream on the list of factors involved in metabolic inflexi-
bility, which is considered to be a primary impairment in several metabolic
disorders such as obesity, insulin resistance, and type 2 diabetes mellitus.

fat oxidation; insulin resistance; ectopic fat storage; sedentary behaviors; lipolysis

OUR SOCIETIES have constructed during the 20th century an
ecological niche in which sedentary behaviors and junk food
became the new reference of living. Although this evolution is
considered as an improvement in our living conditions, it
created a mismatch between our evolutionary history and the
environment for which humans adapted. Nowadays, exercise is
typically presented as a therapy to several chronic diseases
(16). This transition has even altered our appreciation of
physical activities itself. Although 65% of the National Health
and Nutrition Examination Survey American population self-
reported to be as active as recommended by national guide-
lines, objectively measured, physical activity by accelerometry
showed this number to be only 5% (70). This is a rather
important observation when considering that physical inactiv-
ity has been classified as the second cause of death in the

United States (47) based on the 35% self-reported inactive

people.

The hazards of physical inactivity have been described for a

long time (43). A growing body of data suggests that reduced

physical activity is causative in the development of modern

chronic metabolic diseases, including obesity, insulin resis-

tance, dyslipidemia, type 2 diabetes mellitus (T2D), hyperten-

sion, and others (16). Some data suggest that sedentary behav-

ior is an independent predictor of metabolic risk, even when

exercise is performed at a level that meets current recommen-

dations (54). The causal relationships between physical inac-

tivity and metabolic diseases are essentially based on epide-

miological studies or on the indirect beneficial effects of

exercise training. None of these studies provide, however,

evidence to support a cause-and-effect relationship. Our poor

knowledge on physical inactivity physiology can in part be

attributed to the paucity of models to induce long-term physical

inactivity in healthy subjects that account for the confounding

effects of the positive energy balance induced by physical

inactivity itself.
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Along with microgravity, the physiological adaptations to
spaceflights require metabolic adaptations to physical inactiv-
ity that is exceedingly well simulated during the ground-based
microgravity bed-rest analogs. In addition to space medicine-
related questions, bed rest thus represents a unique model to
investigate the mechanisms by which physical inactivity leads
to the development of current societal chronic diseases. The
degree of physical inactivity encountered during bed rest may
be seen as too extreme compared with that seen in the general
population, who spend more time sitting and with some level
of movement rather than strictly lying down. However, it is
important to note that the physical activity level (PAL) mea-
sured during bed-rest studies is close to that measured in
sedentary individuals, i.e., a PAL of !1.4–1.5 (5, 14), because
of fidgeting movements in the bed. Bed rest remains a unique
model to investigate the basic mechanisms of adaptation to
short- or long-term physical inactivity in healthy subjects. For
decades, clinicians and physiologists working in space research
have worked separately without full awareness of potential
strong mutual questioning.

The concept of metabolic inflexibility was first proposed ten
years ago by Kelley et al. (33) from several metabolic disorders
such as obesity, insulin-resistance, and T2D. These diseases
are characterized by a metabolic deregulation that impairs the
capacity to increase fat oxidation when fatty acid availability is
increased and to switch from fat to glucose as the primary fuel
source after a meal (19). Because these adaptations were not
normalized after weight loss in some studies (11), several
authors suggested that they might represent a primary impair-
ment responsible for the development of the diseases. In this
review, we provide evidence collected over the last 60 years
from healthy, bed-rested subjects to support the hypothesis that
physical inactivity per se is one of the primary causes involved
in the development of metabolic inflexibility, even when
changes in energy balance are not detectable. The data that
support our hypothesis are divided into four main parts. The
first section is dedicated to insulin resistance, the second, to the
alterations in lipid trafficking, and the third, to the changes in
the fuel mix being oxidized during bed rest. The fourth part
provides evidence that insulin resistance and the decreased
capacity to use fat as fuel during physical inactivity may trigger
a generalized ectopic fat storage. We will provide some recent
evidence to highlight the role of physical activity level in the
regulation of metabolic flexibility. Last, we will combine all
these data and describe the link between physical inactivity and
metabolic inflexibility.

PHYSICAL INACTIVITY INDUCES INSULIN RESISTANCE

Whole body evidence from bed-rest experiments in humans.
Numerous bed-rest studies of different durations showed a
decrease in insulin sensitivity (1, 7, 8, 12, 22, 25, 38–40, 45,
46, 51, 57–59, 66, 67, 74). To our knowledge, Lutwack and
Whedon (40) were the first in 1959 to have reported abnormal
intravenous glucose tolerance tests after 1–3 wk of bed rest in
healthy subjects. Other early reports in the 1970s also observed
glucose intolerance and hyperinsulinemia following an oral
glucose tolerance test (OGTT) after 10–14 days of bed rest
(22, 38, 39, 51). Although the acute response of insulin to bed
rest (1–2 days) has not been investigated, Yanagibori et al. (74)
observed during a 20-day bed-rest period that an increase in

insulin and glucose responses during an OGTT appears as early
as day 3 in 13 females and 10 males. In this same study,
bed-rest studies also confirmed the development of insulin
resistance in both sexes (7, 8, 12).

Studies were conducted to understand the mechanisms in-
volved in the reduced whole body insulin sensitivity by spe-
cifically investigating the response to insulin in the main
insulino-sensitive organs, i.e., skeletal muscle, adipose tissue,
and liver. In a 7-day bed rest in six healthy men, Mikines et al.
(45, 46) observed a decreased insulin action at muscle level on
glucose uptake and glycogen storage. Even if the subjects were
allowed to get up every other day to shower, Tabata et al. (68)
also showed a 16% decrease in vastus lateralis glucose trans-
porter 4 (GLUT-4) concentrations in nine healthy males after
20 days of bed rest. Altogether these results indicate the
development of insulin resistance at the muscle level. No
modification on hepatic glucose production was observed at
both physiological and supraphysiological insulin concentra-
tions in the males (45, 46, 67). However, by using stable
isotopes to track endogenous and exogenous glucose metabo-
lism, we observed that insulin resistance was only developed at
the muscle level in men after 7 days of bed rest, as in the
previous studies, but at both muscle and liver levels in women
(12). This suggests a sex effect on liver insulin sensitivity
during bed rest.

With regard to the adipose tissue insulin sensitivity, al-
though the "-adrenergic receptors showed an increased sensi-
tivity (4) during bed rest, plasma catecholamines are reduced
(14), indicating a decreased activity of the sympathetic nervous
system that does not allow an increase in lipolysis. On the basis
of the fasting decrease in plasma free fatty acids (FFA) ob-
served and increased fasting insulin in men and women after 7
days of bed rest, we can assume that physical inactivity does
not reduce adipose tissue insulin sensitivity in both sexes (12).
In support of that, recent bed-rest studies even associated
whole body insulin resistance with a whole body reduction in
lipolysis in male subjects (1, 2). Except in a very recent study
(27) described later in this review, adipose tissue in the context
of physical inactivity has been poorly investigated, and further
studies are clearly needed.

Most of the above studies have a major limitation: they
did not tightly control the diet of the subjects. An adequate
nutrient supply to accurately derive the true effects of bed
rest alone is of particular importance. A positive energy
balance due to overfeeding will be a confounding factor that
exaggerates the deleterious effects of physical inactivity
(10). Thus the 67% increase in insulin response recently
observed (25) may be due to the fact that subjects were
provided with their habitual diet. Mikines et al. (45, 46)
reduced energy intake by 15% only during the last 3 days of
the bed rest. Furthermore, in the early study of Dolkas and
Greenleaf (22), volunteers received a very high energy
intake (3,073 kcal/day). Increased plasma leptin levels at the
end of our first 7-day bed rest studies (13), with leptin being
a bioindicator of energy intake (18, 56), indicate that our
subjects were overfed. The diet macronutrient composition
also influences the bed-rest outcomes. In a crossover design,
60-h bed rest in eight males (2 days of washout) with either
a high-carbohydrate diet (70% of energy intake) or a high-
saturated-fat diet (45% of energy intake as fat and 60% of
saturated fatty acid), Settler et al. (65) showed that insulin
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sensitivity decreased by 24% with the high-saturated-fat diet
but did not change with the high-carbohydrate diet.

Because the lack of control on energy balance in early
studies questioned the impact of physical inactivity per se
on insulin sensitivity, we recently performed bed-rest stud-
ies, one study of 2 mo in women (8) and one of 3 mo in men
(7) during which we tightly controlled the diet to clamp fat
mass. Contrary to others (1, 2), we clamped fat mass rather
than body mass, because due to bed-rest-induced muscle
atrophy, a weight-clamping approach tends to increase fat
mass (76), which reflects a positive energy balance. Tests
investigating energy status of the volunteers confirmed that
we succeeded (5). Interestingly, we showed that physical
inactivity per se yet induces an increase in plasma insulin
concentration without changes in plasma glucose concentra-
tion in fasting conditions and after a standard meal (Fig. 1).
These results indicate that even in physiological conditions
(i.e., not in supraphysiological insulinemic clamp) physical
inactivity leads to the development of insulin resistance in
both postabsorptive and postprandial situations (7, 8). A
recent study (64) investigated the effect of 1 day of sitting,

a level of physical inactivity closer to that observed in the
general population than strict bed rest, on insulin action. The
authors showed that with and without energy surplus, re-
duced physical activity considerably alters insulin sensitiv-
ity. The fact that this effect still occurred when food intake
matched energy expenditure emphasized the deleterious
effects of physical inactivity alone.

All of these studies only studied lean healthy subjects
without any genetic predisposition to obesity or T2D. Consid-
ering the increasing prevalence to these chronic diseases and
the fact that the general population tends to become more and
more sedentary (26), it appears relevant to investigate the
interaction between physical inactivity and the predisposition
to obesity and T2D. In this line, some authors investigated the
effects of 9–10 days of bed rest in healthy lean males (control
group); in males with a first-degree relationship of diabetes
(FDR); and in males with a low birth weight (LBW), known to
be at risk to develop T2D in adulthood (1, 2, 60). By investi-
gating whole body and forearm insulin sensitivity using a
hypersinsulinemic euglycemic clamp, Sonne et al. (60) re-
ported that bed rest induces a marked reduction in whole body

Fig. 1. Whole body and muscle metabolic alterations induced by 2 mo of bed rest in women postprandially following the ingestion of standard breakfast
and lunch. TG, triglyceride; FA, fatty acid; NEFA, nonesterified FA; CHO, carbohydrate; AUC, area under the curve; *P ! 0.05 vs. active state. [Panel
at bottom left reproduced from Trappe et al. (68a)]. [All the other panels modified from Bergouignan et al. (8). Copyright 2009 American Diabetes
Association. Modified with permission from The American Diabetes Association.]
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skeletal muscle and vascular insulin sensitivity in both control
and LBW groups with more pronounced changes in the control
group. Although insulin resistance was already present before
to bed rest in the FDR group, these subjects still displayed a
decrease in insulin sensitivity in response to bed rest. In these
three groups, insulin resistance was fully accounted for by
nonoxidative glucose metabolism, but hepatic insulin resis-
tance only occurred in the groups with a predisposition for T2D
(1, 2). It should however be noted that although not significant,
the reduction in the hepatic glucose production was about the
same magnitude in the control group (!35%) compared with
the FDR group (!36%) (2).

In conclusion, these bed-rest studies provided indisput-
able evidence that physical inactivity per se induces a
reduction in the whole body insulin sensitivity associated
with the development of insulin resistance in muscle but not
in adipose tissue. The liver remains an important area to
investigate, especially given the recent data associating
physical inactivity with characteristics of nonalcoholic fatty
liver diseases.

Mechanistic evidence from bed-rest experiments in humans
and analogs in animals. The classical insulin-signaling path-
ways can be summarized as follows. Skeletal muscle glucose
transport is acutely regulated by insulin through the coordi-
nated actions of several proteins. Briefly, insulin activation of
tyrosine kinase in the "-subunit of the insulin receptor leads to
tyrosine phosphorylation of insulin receptor substrate 1 (IRS-
1). Phosphorylated IRS-1 then interacts with the p85 regulatory
subunit of phosphatidylinositol-3-kinase (PI3K). Activated
PI3K subsequently activates phosphoinositide-dependent ki-
nases, which regulate the serine/threonine protein kinase (Akt,
also known as protein kinase B). Although the specific role of
Akt in muscle glucose remains controversial, it seems to
conduce to the translocation of GLUT-4 to the plasma mem-
brane to facilitate glucose transport via a diffusion process. In
addition, the stress-activated p38 mitogen-activated protein
kinase (p38-MAPK) may negatively interact with the upstream
of the insulin-signaling cascade, particularly IRS-1, inducing
insulin resistance (23).

Those pathways were investigated in animal models of
physical inactivity. Using the hindlimb tail paradigm,
O’Keffe et al. (49) showed that after 1 day of suspension,
female rats have a decreased glucose tolerance and reduced
stimulated glucose uptake. This acute development of insu-
lin resistance was mainly attributable to changes in p38-
MAPK phosphorylation, as it was noted by others (41), but
not to changes in insulin receptor beta (IR-beta)/IRS1/PI3K/
Akt signaling pathway. After 3 and 7 days of suspension,
insulin resistance was however associated with increased
insulin signaling pathway through IRS1 and PI3K and with
decreased p38-MAPK (50), suggesting that PI3K-insulin-
independent mechanisms may also play a role in the adap-
tations to suspension.

Another model has been developed to study the effects of
physical inactivity in rats: the wheel lock model. After a certain
period during which rats naturally run in their cage, the
investigators lock their wheel. This model better simulates the
decrease in habitual physical activity observed in the general
population than the hindlimb unloading model that is closer to
immobilization. By using this model (34–37), a rapid decrease
in skeletal muscle insulin sensitivity has been associated with

an expansion of intra-abdominal fat storage. The authors es-
pecially observed a lower insulin-stimulated 2-deoxyglucose
uptake into the epitrochlearis after 53 h of cessation of daily
running (34). This impaired muscle glucose transport was
associated with a reduction in insulin binding, IR-beta, sub-
maximal insulin stimulated IR-beta tyrosine phosphorylation,
and GLUT-4 level. Akt/protein kinase B Ser(473) phosphory-
lation was also reduced after 53 h, suggesting that both up-
stream and downstream insulin signaling was diminished fol-
lowing running cessation.

Alibegovic et al. (3) investigated the mechanisms involved
in the development of insulin resistance by using the microar-
ray technique in 20 healthy men. Bed rest altered the expres-
sion of #4,500 genes and downregulated 34 pathways, pre-
dominantly those of genes associated with mitochondrial func-
tion, including the peroxisome proliferator-activated receptor-$
coactivator-% (PGC1%) that regulates oxidative phosphoryla-
tion (OXPHOS) in the mitochondria. Expression of several
candidate genes involved in T2D was also impaired, such as
the expression of PGC1% and OXPHOS genes in general,
suggesting a reduced oxidative capacity. Likely related to the
depressed PGC1% expression, a reduced expression of vascular
endothelial growth factor A (VEGFA), which regulates the
degree of capillarization and microvascular flow and thereby
insulin action, was also observed. Hexokinase 2 (HK2), the
protein that phosphorylates glucose after its entrance in the
cell, and ras-related associated with T2D (RRAD) are consid-
ered the most prominent down- and up-regulated transcrip-
tional alterations in skeletal muscle from diabetic patients that
contribute to the altered insulin response and muscle glucose
transport (29). The reduction in HK2 gene expression and the
increase in RRAD level suggest that physical inactivity triggers
modifications similar to those observed in T2D. The fact that 4
wk of intensive retraining did not completely normalize the
expression of several metabolic genes underscores the impor-
tance of avoiding even short periods of physical inactivity.

These authors further observed an increase in genes involved
in inflammation and endoplasmic reticulum stress in response
to insulin stimulation during bed rest. Other studies have
reported an upregulation of proinflammatory markers (10, 44)
whereas some others did not (25). This is also true for oxida-
tive stress (10, 42). Inflammation and oxidative stress are
however processes known to negatively impact insulin sensi-
tivity and should receive a greater attention in future bed-rest
studies investigating the mechanisms underlying the develop-
ment of insulin resistance. This appears even more important
when considering that oxidative stress has been involved in
muscle atrophy during disuse and that there is a tangled
relationship between muscle fiber type, oxidative stress, and
insulin sensitivity.

PHYSICAL INACTIVITY AFFECTS LIPID TRAFFICKING

BETWEEN ADIPOSE TISSUE AND MUSCLE

Evidence from bed-rest experiments in humans. The whole
body insulin resistance induced by bed rest is concomitant with
the development of hypertriglyceridemia in both sexes (7, 8,
25, 73) (Fig. 1). From a mechanistic point of view, these higher
levels of plasma triglycerides can be due to an increased
adipose tissue lipolysis, a decreased plasma fat clearance, or
both.
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As we previously noted, whole body lipolysis is reduced during
bed rest in subjects with or without a predisposition to T2D (i.e.,
LBW subjects) (1). The decrease in the whole body lipolysis in
the subcutaneous femoral adipose tissue seems to be related to a
decrease in hormone-sensitive lipase (HSL) activity in both
groups (1). Hojberre et al. (27) compared glucose uptake and
lipolysis from subcutaneous abdominal and femoral adipose tissue
by microdialysis in healthy subjects and in offspring of patients
with T2D. The aim was to investigate whether physical inactivity
would unmask defects of adipose tissue metabolism in FDR
subjects. Although 10 days of bed rest significantly decreased
lipolysis and tended to increase glucose uptake in the subcutane-
ous femoral adipose tissue in both control and FDR subjects,
subcutaneous adipose tissue glucose uptake only increased in
control subjects. Thus physical inactivity is as deleterious in
control as in FDR subjects and even tends to attenuate the
differences in glucose uptake subcutaneous adipose tissue that
was observed between the two groups before bed rest. In sum-
mary, these results suggest that bed-rest-induced hypertriglyceri-
demia is not due to a higher lipolysis but likely caused by an
altered plasma fat clearance.

Few human studies investigated fat uptake by peripheral
tissues in humans. We determined the plasma metabolic fate of
dietary fat by using stable isotope labeling (8). We showed that
2 mo of bed rest in women increases the spillover of nonest-
erified fatty acid (NEFA) released after hydrolysis of lipopro-
tein-triglycerides (chylomicrons or VLDL) by lipoprotein
lipase (LPL) (Fig. 1). This higher NEFA spillover suggests that
NEFAs are less taken up by peripheral tissues. This result is in
accordance with a diminished gene expression of skeletal
muscle LPL and FAT/CD36 (Fig. 1). Muscle atrophy also
likely contributes to the lower plasma fat clearance and indi-
rectly to hyperlipemia. To our knowledge, no data on liver and
adipose tissue fat uptake are available during bed rest. Such
studies are required to determine the respective role of these
three main peripheral tissues in the development of hyperli-
pemia, which is strongly related to the development of insulin
resistance.

Evidence from analogs in animals. Studies in rats using the
hindlimb tail paradigm (9) showed that from 11 h to 11 days of
inactivity induces a diminution of 80% of the muscle LPL
activity, supporting the fact that physical inactivity decreases
muscle fat uptake. Using the wheel-locked model, Booth et al.
(15) further investigated in a nicely conducted series of exper-
iments the effects of physical inactivity on lipid metabolism at
the adipose tissue level along with the alterations in insulin
sensitivity previously described. After 53 h of wheel-running
cessation following 21 days of running, the authors measured
a 25–48% increase in epididymal and omental fat pad weights,
respectively (35). This increase in fat storage was associated
with increased palmitate incorporation into triacylglycerol in
epididymal fat in relation to an increase in protein level and
activity of mitochondrial glycerol-3-phosphate acyltransferase
1 (mtGPAT) (36), a key regulator of triacylglycerol synthesis.
These changes were associated with increases in both plasma
insulin and triglycerides (34). Interestingly, the enlargement in
abdominal fat mass was observed in both ad libitum and pair
feeding, suggesting that fat storage is the result of physical
inactivity per se. The increase in epididymal, perirenal, and
retroperitoneal fat masses was due to an increase in fat cell
number, in the absence of changes in adipocyte size (37). In

other words, these data indicate that physical inactivity pro-
motes fat storage through adipocyte hyperplasia rather than
hypertrophy.

Taken altogether, these results collected in both humans
during bed-rest experiments and in rats using analogs sug-
gest that physical inactivity shunts the delivery of plasma
lipids away from muscle to adipose tissue but also stimu-
lates, at least in rats, lipogenesis. This altered trafficking is
likely concomitant (as a cause or a consequence) with an
altered fat partitioning between oxidation and storage in
muscle.

PHYSICAL INACTIVITY DECREASES FAT OXIDATION

Evidence from bed-rest experiments in humans. In normal
conditions, the switch in fuel oxidation depends on the type
and amount of nutrient (glucose, fatty acids, and amino acids)
available for oxidation at the cellular level and is regulated
through the activation or inhibition of specific metabolic path-
ways. In all bed-rest studies, a shift in fuel metabolism is
observed in favor of carbohydrate oxidation and in detriment of
lipid oxidation (Fig. 1). Importantly, this shift is independent of
energy balance (63). The increase in nonprotein respiratory
quotient (NPRQ) varies between 4 and 14% according to the
duration of the bed rest (7, 8, 12). For example, 3 mo of bed
rest induces in healthy lean men (7) a decrease of 37% in lipid
oxidation and an increase of 21% in carbohydrate oxidation in
postabsorptive situations. Similarly, changes of !40% and of
"6% in lipid and carbohydrate oxidation are, respectively,
observed in postprandial conditions.

The reduction in lipid oxidation is in fact more complex.
It is well known that lipid oxidation depends on the length
and the degree of saturation of the fatty acids: the shorter the
carbon chain and higher the number of unnsaturations, the
greater is the oxidation (21). Using a double-labeling fatty
acid method, we recently showed that physical inactivity
differently alters the metabolic fate of dietary saturated and
monounsaturated fatty acids (7, 8). Although bed rest does
not affect dietary monounsaturated fatty acid (oleate) oxi-
dation, it significantly decreases dietary saturated fatty acid
(palmitate) oxidation in both healthy males and females
(Fig. 1). This reduction in oxidation was likely in favor of
incorporation of dietary saturated fatty acids into intramus-
cular lipids (Fig. 1) (8). Although we do not have a clear
explanation for these striking observations, we submitted a
hypothesis in a recent review (6). Briefly, carnityl palmitoyl
transferase I (CPT-I) regulates the entrance of fatty acids
into mitochondria and thus fat oxidation. mtGPAT regulates
the first step of glycerolipid biosynthesis and thereby tri-
glyceride synthesis. Because both mtGPAT and CPT1 are
located on the outer mitochondrial membrane, they can
compete for acyl-CoAs and thus reciprocally regulate the
partitioning of fatty acids between degradative and biosyn-
thetic fates in liver and muscle. The coordinated regulation
of CPT1 and mtGPAT is mediated by AMP-activated kinase
(AMPK). AMPK is an energy sensor that is influenced by
physical activity; it is stimulated by exercise but reduced by
physical inactivity. An increase in AMPK reduces malonyl-
CoA concentration, which attenuates the inhibition of CPT1
and thereby increases fat oxidation. Conversely, it inacti-
vates mtGPAT, which reduces triglyceride synthesis. A
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decrease in AMPK has the opposite effects. Because
mtGPAT has a significantly higher affinity for saturated than
monounsaturated fatty acids, we considered this pathway a
good candidate to explain the differential effects of physical
inactivity on dietary oleate and palmitate oxidation and
storage. This hypothesis needs to be investigated and is yet
to be confirmed.

Mechanistic evidence of the shift in fuel use from bed rest in
humans and analogs in animals. It is important to note that
changes in fuel use are independent of the bed-rest-induced
muscle atrophy, i.e., of changes in metabolically active mass.
Nevertheless, this shift may be linked to the shift in muscle
fibers characterized by an increase in glycolytic muscle fibers
and a decrease in oxidative muscle fibers (69) (Figs. 1 and 2).
Glycolytic fibers have low rates of fat oxidation and lower
insulin sensitivity compared with oxidative fibers, which have
high mitochondrial density and oxidative enzyme activities.
However, a study in rats showed that the shift in substrate use
preceded the shift in muscle fiber type (24). Thus the mecha-
nisms involved in these changes in substrates use are still
poorly characterized. Some hypothesis can however be pro-
posed on the changes in metabolic pathways.

Associated with the decreased muscle fat uptake, both
human and rat studies showed that physical inactivity re-
duces gene expression of CPT-I (61) (Fig. 1), a protein
responsible for the entrance of long-chain fatty acids into
mitochondria. In addition of the altered fatty acid transport
into myocyte and mitochondria, a reorganization of the
metabolic pathways likely plays a role. Hindlimb suspen-
sion in rats for several weeks induces an increased glyco-
lytic capacity in atrophied muscle (61, 72) via an increase in
the gene expression of three key enzymes of glycolysis:
hexokinase, phosphofructokinase, and kinase pyruvate (61).
Conversely, a reduction in the capacity to oxidize lipids was
indicated by a reduction in the gene expression of enzymes
involved in the beta-oxidation (61).

Simultaneously to the changes in the glycolytic and oxida-
tive pathways, a complementary hindlimb-tail rat study showed an
increase in the gluconeogenic capacities of liver (62) that could
explain the greater use of glucose by muscle. Another study
using the wheel-locked model (53) also reported in the liver a
lower mitochondrial oxidative capacity and a higher malonyl
CoA concentration associated with increased levels of proteins
involved in de novo lipogenesis, suggesting that similar alter-

ations are occurring in liver and muscle. Based on these results,
we can assume that the increase in glucose availability in-
creases malonyl CoA concentration, which, by inhibition of the
CPT-I, decreases the entrance of fatty acids into mitochondria,
and hence fat oxidation. This results in an accumulation of
nonoxidized fatty acids that are, in turn, likely synthesized as
intramuscular lipids. An increase in gluconeogenic capacity
has however still not been observed in humans (12) but
remains to be demonstrated.

The intramuscular lipids can be in the form of triacyl-
glycerol, diacylglycerol, and/or ceramides. A growing body
of data showed that they contribute to alterations in insulin
sensitivity. Although a negative correlation between in-
tramyocellular triacylglycerol and insulin sensitivity has
been repeatedly reported (31, 32), it is now accepted that it
is not muscle triacylglycerol per se that induces insulin
resistance but rather lipotoxic intermediaries such as diac-
ylglycerol and ceramides (17, 30, 48). Although the respec-
tive role of these two intermediary lipids in insulin respon-
siveness alteration is still in debate, they are thought to
engage stress-activated serine kinases that interfere with
insulin signal transduction (28, 75).

PHYSICAL INACTIVITY INDUCES ECTOPIC FAT STORAGE

As expected, the reduced fat oxidation is observed con-
comitantly to different ectopic fat storages during bed rest
(8, 20). For example, the significant increase in intramus-
cular lipid (!2.7%) observed after 2 mo of bed rest in
healthy women (8) was correlated with the reduction in
dietary palmitate oxidation (Fig. 1). This suggests that
dietary fat is diverted from oxidation in muscle toward
incorporation into muscle lipids. Along this line, the study
of Settler et al. (65) showed an increase in intramuscular
lipids with both high-carbohydrate and high-saturated-fat
diets, but the increase was more marked after the high-
saturated-fat diet (!32 vs. !17%). Although Settler et al.
(65) did not observe a relationship between intramuscular
lipid and insulin resistance likely due to the short period of
the bed rest (2 days), Cree et al. (20) reported that intra-
muscular lipid negatively correlated with the reduced glu-
cose uptake after 28 days of bed rest. The effects of physical
inactivity on the different lipid fraction content, i.e., trig-
lycerides, diacylglycerol, and ceramides, are still unknown.
Studies investigating the profile of the intramuscular lipids
are clearly required to better understand the relationship
between the reduced oxidative capacity, the muscle fat
storage, and the development of insulin resistance under
physical inactivity conditions.

The accumulation of fat during bed rest seems to be a
general phenomenon. It has indeed also been observed in
bone marrow and within muscle fibers (71). Ectopic fat
storage is thus likely to occur in other tissues. Although no
direct measurements of fat in liver have been done in
humans for obvious ethical reasons, suspended rats exhibit
a lipogenic profile (53, 62), a reduced mitochondrial oxida-
tive capacity, higher malonyl CoA concentrations (53), and
an increase in gluconeogenic pathways (62). Altogether
these results suggest the development of a nonalcoholic
fatty liver. These aspects are further reviewed by Rector et
al. (52a) as part of this Highlighted Topic series in the

Fig. 2. Relationship between physical activity level and muscle fiber type
profile and metabolic profile.
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Journal of Applied Physiology. During three bed rests of 42,
90, and 60 days, in men and women, we have repeatedly
observed that both aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) increased in a normal clin-
ical range by almost 50% (unpublished data). Interestingly,
epidemiological studies have shown that transaminases, and
in particular elevated ALT, even in the normal range predict
fatty liver and the new onset of T2D, independent of
classical risk factors, metabolic syndrome, and C-reactive
protein (55). It is likely that the increase in transaminases
during bed rest reflects the development of a fatty liver. In
support of that, some epidemiological studies in the general
populations reported negative correlations between intrahe-
patic lipid content and habitual physical activity (52).

OVERALL, THE PHYSICAL ACTIVITY LEVEL PREDICTS

METABOLIC FLEXIBILITY

The data collected during bed rest showed strong evidence
for an effect of physical inactivity on fuel homeostasis. The
largest body of data from the literature certainly suggests that
physical training improves metabolic flexibility. A key ques-
tion thus emerged: Will the body response to a continuum of
changes in physical activity levels linearly translate into
changes in metabolic flexibility? To answer this question we
combined two studies from our laboratories that studied flex-
ibility over a wide range of physical activity levels. Briefly, we
measured metabolic flexibility in active women and highly
trained men before and after an intervention that markedly
reduced their physical activity level (bed rest in women and
detraining in men). Plasma insulin concentration and NPRQ
(indirect calorimetry) were measured hourly before and after
the consumption of two standardized meals. For each individ-
ual we used the insulin and NPRQ data to calculate the
mathematical variance of the daily NPRQ and insulin re-
sponses to the test meals. From this, we calculated the average
and the standard error of these variances per group. We defined
metabolic flexibility by a low variance in insulinemia associ-
ated with an elevated variance in NPRQ, i.e., a small shift in
the fuel mix being oxidized for a high insulin secretion, and the
converse. By using this approach that placed subjects in normal
physiological conditions, rather than in supraphysiological
conditions as during a hyperinsulinemic euglycemic clamp, we
showed that the variances of insulinemia and NPRQ are in-
versely but linearly associated along a physical activity con-
tinuum (Fig. 3). This indicates that habitual physical activity
predicts metabolic flexibility.

CONCLUSION : A SCENARIO TO EXPLAIN HOW PHYSICAL

INACTIVITY INDUCES METABOLIC INFLEXIBILITY

The above review of the literature provides evidence that
physical inactivity as investigated by bed rest induces,
independently of measurable changes in energy balance, a
reduced capacity to use fat as substrate, muscle atrophy, and
a shift in muscle fiber type toward fast-twitch glycolytic
type, a resistance to the effect of insulin and a hypertriglyc-
eridemia along with an ectopic fat storage. Similar altera-
tions in metabolic pathways are associated with metabolic
disease state.

The following sequence of events can be hypothesized to
explain the physical inactivity-induced metabolic alterations

and thus metabolic inflexibility (Fig. 4). The physical inactivity
induced by bed rest leads to insulin resistance in skeletal
muscle, requiring a hyperinsulinemic response to properly
dispose of glucose in daily postprandial conditions, whereas
adipose tissue displays an appropriate response. At the same
time, muscle fiber type shifts toward fast-twitch glycolytic
fibers, and muscle increases glucose uptake and oxidation
through insulin-independent pathways. This in turn inhibits
fatty acid oxidation and ultimately uptake. During meal inges-
tion, hyperlipemia occurs due to a decreased plasma clearance
of dietary fat. This increases the flux of dietary lipids to organs
and results in ectopic fat storage with consequences on insulin
sensitivity. The liver displays susceptibility to hyperinsulin-
emia and increased lipid synthesis and storage that overcomes
rate of oxidations. Hepatic steatosis will likely ensue. With a
reduced oxidative capacity, the liver will then contribute to an
increased rate of atherogenic lipid products (VLDL) in which
the contributions of FFA coming from the diet and neolipo-
genesis to the total VLDL-triglycerides will increase, feed-
forwarding hyperlipemia and ectopic fat storage. Concomi-
tantly, the steatotic liver will become insulin resistant and
unable to suppress hepatic glucose production, which leads to
increased gluconeogenesis and feed-forward worsening of hy-
perinsulinemia.

Although the hypothesis described above is plausible, the
available data remain too scant to draw a more accurate kinetic

Fig. 3. Physical activity predicts metabolic flexibility. This figure represents
the relationship between the daily individual intraindividual variances of
plasma insulin concentrations and nonprotein respiratory quotient (NPRQ).
These variances have been measured before and after 2 standardized meals
over a period of 7–10 h before and after an intervention reducing physical
inactivity in healthy men and women. Physically active women (n ! 8)
were subjected to 2 mo of bed rest (cf Ref. 8), and trained men (n ! 10)
were asked to stop for 1 mo both structured and spontaneous physical
activity (unpublished data). For an equivalent food quotient, metabolically
flexible subjects will greatly increase carbohydrate oxidation (i.e., high
variation in NPRQ; right) after the consumption of a meal despite a low
increase in plasma insulin concentration (i.e., low variation in insulin;
bottom). A metabolically inflexible individual, i.e., a person who also
displays an insulin resistance, will displays a low increase in carbohydrate
oxidation (i.e., low changes in NPRQ; left) despite an marked elevation in
insulin secretion (i.e., high variation in insulin; top). We can observe that
variances in NPRQ and insulin are linearly distributed along a continuum
of physical activity level.
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of the adaptations to bed rest. More controlled and standard-
ized studies are needed to better assess the time course of
changes. The present review presents other limitations. Most of
the results reviewed therein were obtained in studies with small
sample sizes (usually between 4 and 8) and mainly in male
subjects. Some of the conclusions may not apply to women. It
can be also difficult to have a good estimate of the decrease in
physical activity experienced by the subjects since measure-
ments of physical activity and total energy expenditure were
not systematically done, even before bed rest. This critical
piece of information is necessary to know if the observed
effects stem from a decrease in physical activity, or from
detraining in very active people/athletes, and consequently the
extent to which the conclusions of a study can apply to the
general population. Furthermore, numerous bed-rest studies,
especially the earlier ones, did not tightly control the subjects’
diet, and the confounding effects of a potential positive energy
balance should be kept in mind. In this present review, we
finally did not mention one of the most important aspects of
bed-rest studies: the countermeasures. The efficiency of phar-
macological (e.g., pamidronate, resveratrol), nutritional (e.g.,
high-protein diet), and exercise (e.g., aerobic or resistive
exercise training) countermeasures in alleviating the dele-
terious adaptations to space environment are tested in most
bed rests. These results can provide valuable insight into the
development of efficient strategies to counteract the effects
of physical inactivity. Although these results are of great

importance in the battle against the general adoption of

sedentary behaviors, we chose to only focus our review on

the negative effects of bed rest.

Despite these limitations, we believe that the data accumu-

lated over years from the bed-rest studies support the idea that

physical inactivity by itself is a main factor contributing to the

onset of numerous chronic diseases. This again raises the

importance of investigating directly the physiology of physical

inactivity in order to better understand the impact of the

adoption of sedentary behaviors in the general population on

general health. Although bed rest is a unique model to inves-

tigate mechanisms underlying defects induced by physical

inactivity in healthy subjects, it is important to remember that

bed rest induces a level of physical inactivity likely different

(quantitatively and qualitatively) from that observed in the

general population. Studies that investigate the exact decrease

in physical activity encountered over the past century in the

general population will thus be needed to confirm these results.

Future studies also need to determine the physical activity level

threshold below which metabolic inflexibility is developed in

order to refine the physical activity recommendations in the

general population.
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Fig. 4. Hypothetical metabolic alterations cascade induced by bed rest that can explain how physical inactivity induces metabolic inflexibility. VLDL,
very-low-density lipoprotein; NAFLD, nonalcoholic fatty liver disease; DAG, diacylglycerol.
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J1 23)A3-**&$! '&! (),%3&*&$+3&$!5! 0&$! $)0+%#),$!

*#$&$! &,! .0-(&! 0)3$! '&$! 4%+'&$! '&! *#(3)A3-7#%4!

34&00&!&%!$#*+04&!
!

J1I! B96L+H21I! L2cBc)15HI! 45H! L2cI15Hc! ,1I! +DL6BHI! )1! ,6! D+B24326=+Hc! I(2! ,1I!
)+OOc215HI! I:IHdD1I! L9:I+4,43+?(1I.! Je15V1(! )1I! 21B912B91I! IL6H+6,1I! +DL4I1! (51!

D6+H2+I1!1H!(51!B4DL2c915I+45!)1!,e6)6LH6H+45!)1!,e42365+ID1!g!,e6NI15B1!)1!326=+Hc/!
6O+5! )1! )c=1,4LL12! )1I! I4,(H+45I! 1OO+B6B1I! L4(2! L6,,+12! g! B1I! 6,Hc26H+45I!
L9:I+4,43+?(1I.!!

(4 D2(7&)3+(2)&>&'&0//0++
K65I! ,e15=+24551D15H! IL6H+6,/! ,6! L21D+d21! B45H21D1I(21! ?(+! =+15H! g! ,e1IL2+H! 1IH! )1!
21B2c12! ,6! 326=+Hc! 6NI15H1! )65I! ,e1IL6B1.! J6! 326=+Hc! 62H+O+B+1,,1! L1(H! lH21! B2cc1! 15!
6BBc,c265H! 4(! )cBc,c265H! ,e153+5! IL6H+6,! L62! (51! 6BBc,c26H+45! ,+5c6+21! 4(! B15H2+LdH1!
)e$9.! 7! N42)! )1! ,e;CC/! +,! 1IH! 6BH(1,,1D15H! +DL4II+N,1! )1! 2c6,+I12! (51! 6BBc,c26H+45!
,+5c6+21! )e$9)w! 15! 21=65B91! ,e6BBc,c26H+45! B15H2+LdH1! 1IH/! 1,,1/! 2c6,+I6N,1! L62!

B15H2+O(36H+45.! J6! B15H2+O(36H+45! 21L2cI15H1! (5! )cO+! H65H! 6(! 5+=16(! IL6H+6,! ?(1!
O+565B+12.!7(!5+=16(!)1!,6!)(2c1!)1I!L24H4B4,1I/!+,!5e1IH!L6I!O42BcD15H!5cB1II6+21!L4(2!
,1I!6IH2456(H1I!)1!I(N+2!,6!326=+Hc!62H+O+B+1,,1!)(265H!"%9.!7+5I+/!(51!6)6LH6H+45!)1!,6!
H1B95+?(1! )1! 326=+Hc! 62H+O+B+1,,1/! 6(II+! N+15! 6(! 5+=16(! )1! ,6! B45IH2(BH+45! )1! ,6!
B15H2+O(31(I1! 6(! I1+5! )1! ,6! IH6H+45! ?(e6(! 5+=16(! )1I! L24H4B4,1I! )1! B15H2+O(36H+45/!

54H6DD15H! ,1(2I! )(2c1I! 1H! O42B1/! 1IH! +DL42H65H1! 6=65H! =6,+)6H+45! )1! ,e(H+,+I6H+45!
)e(51!H1,,1!B45H21D1I(21!)65I! ,e1IL6B1.!C(2! ,e94DD1/!?(1,?(1I!H1IHI!45H!cHc!2c6,+IcI!

)(265H!,6!D+II+45!>1D+5+@$$/!7L4,,4!4(!CL6B1,6N!K@$.!81!5e1IH!?(e15!$bb^/!)(265H!,6!
D+II+45! R1(24,6N/! ?(1! ,1I! 6IH2456(H1I! 45H! L4(2! ,6! L21D+d21! O4+I! cHc! I4(D+I! g! (51!
326=+Hc! )1! f/&! g! $9.! J42I! )1! B1HH1!D+II+45/! ,1I! 6IH2456(H1I! 45H! 26LL42Hc! (5! +DL6BH!

L4I+H+O!)1!,6!B15H2+O(36H+45!I(2!,1(2!L9:I+4,43+1/!B4DD1!L62!1W1DL,1!(51!6NI15B1!)1!
D6,! )1I! H265IL42HI! 1H! B91[! B12H6+5I! 6IH2456(H1I! (51! 6NI15B1! )e+5H4,c265B1!
42H94IH6H+?(1!6L2dI!,1!=4,.!81I!2cI(,H6HI!)cB2+HI!6(!B4(2I!)1I!D+II+45I!IL6H+6,1I!I45H!
H2dI! 15B4(263165HI! ?(65H! g! ,e6N4(H+II1D15H! )e(51! B45H21D1I(21! 1OO+B6B1! L6I!
I1(,1D15H! I(2! (5! I1(,! I:IHdD1! L9:I+4,43+?(1! D6+I! I(2! ,e42365+ID1! )65I! I45!
15I1DN,1! h8,1D15H! 1H! 6,./! "ff%i.! C1(,1! ,e1WL4I+H+45! 6(W! 26)+6H+45I! 6+5I+! ?(1! ,1I!
B45H26+5H1I!15=+24551D15H6,1I/!H1,,1I!?(1!,e+I4,6H+45!1H!,1!B45O+51D15H!51!I45H!L6I/!)1!

O6t45! c=+)15H1/! +5O,(15Bc1! L62! ,6! 326=+Hc! I+D(,c1.! C(2! H1221/! 6(! B4(2I! )ecH()1I!
)e6,+H1D15H!L24,453c/! ,6!B15H2+O(36H+45!6!cHc!(H+,+Ic1!6=1B!)1(W!4NV1BH+OI!L2+5B+L6(W! Z!

H1IH12! ,e+DL6BH! )(! )cB45)+H+4551D15H! 6=65H! 1H! 6L2dI! ,e6,+H1D15H! 15! c=6,(65H! ,6!
H4,c265B1!g!,e6BBc,c26H+45!)1I!I(V1HI/!4(!15!H65H!?(1!B45H21D1I(21!)65I!,1!N(H!)ec=+H12!
4(! )1! D+5+D+I12! ,1I! 1OO1HI! )(! )cB45)+H+4551D15H.! J1I! L21D+d21I! cH()1I! 45H! cHc!



! &f!

2c6,+Ic1I! )65I! ,1I! 655c1I! I4+W65H1! 1H!D45H26+15H! )cVg! (51! L2c=15H+45! )1I!D6,6+I1I!

=636(W! ?(+! I(2=+15515H! 542D6,1D15H! 6(! D4D15H! )(! ,1=12/! 32sB1! g! (51! Ic2+1! )1!
B15H2+O(36H+45! h-+3(21! $&i.! M62! ,6! I(+H1/! )e6(H21I! cH()1I! 45H! )cD45H2c! )1I! 1OO1HI!

Nc5cO+?(1I! I(2! ,1! I:IHdD1! B62)+4=6IB(,6+21! 6=1B! 54H6DD15H! L2c=15H+45! )1!
,e+5H4,c265B1! 42H94IH6H+?(1! B,6II+?(1D15H! 4NI12=c1! 6(! B4(2I! )1I! 6,+H1D15HI!
L24,453cI! h;*6I1/! "ff&i.! 84DN+5c1! 6=1B! )1! ,e1W12B+B1! 6c24N+?(1/! ,6! B15H2+O(36H+45!
L12D1HH26+H!)1!L2c=15+2!,e6(3D15H6H+45!)1!,6!O2c?(15B1!B62)+6?(1!1H!)1!D6+5H15+2!,6!
O45BH+45!I:IH4,+?(1!B62)+6?(1!hq653!1H!6,./!"f$$i.!J6!326=+Hc!62H+O+B+1,,1!5e6!L6I!B4DD1!

I1(,1! B45Ic?(15B1! )1! L2c=15+2! ,e+5H4,c265B1! 42H94IH6H+?(1/! D6+I! 1IH! c36,1D15H!
B455(1! L4(2! I45! +DL6BH! O6=426N,1! I(2! ,6! L2c=15H+45! )1! ,e6H24L9+1! D(IB(,6+21!

hC:D45I! 1H! 6,./! "ffbw! j+,,+6DI! 1H! 6,./! "ffbi.! P5! 1OO1H/! $9! )1! 326=+Hc! 62H+O+B+1,,1!
L12D1HH26+H!)1!D6+5H15+2!,6!I:5H9dI1!L24Hc+?(1!)65I!,1!G"=#.=)&"#$%"&8=.!P5!21=65B91/!
,6! )cD+5c26,+I6H+45! 4II1(I1! 51! I126+H! L6I! H4H6,1D15H! c=+Hc1! hCD+H9! 1H! 6,./! "ffbw!

j+,,+6DI! 1H! 6,./! "ffbi.! 7(II+! N+15! 6(! I4,! ?(e15! =4,/! B1HH1! 6LL24B91! +5Hc32c1! )(!
)c=1,4LL1D15H! )1! B45H21D1I(21I! 1IH! L24D1HH1(I1/!D6+I! 5cB1II+H1! )1I! cH()1I! L,(I!

L4(IIc1I/!6O+5!)1!)cH12D+512!,6!)(2c1!1H!,6!H1B95+?(1!4LH+D6,1I.!!
!

!
-+3(21!$&Z!>26=+Hc!62H+O+B+1,,1!21B2c1!B91[!,e94DD1!L62!(51!B15H2+O(31(I1.!82c)+H!L94H4!Z!PC7.!

! !



&$!

.4 !"%)20#0*$20*+,+0=02'&'0*+19A*&B$0*+
K65I! (5! B45H1WH1! )e+56BH+=+Hc! L9:I+?(1! Ic=d21! L24=4?(c! L62! ,e6NI15B1! )1! 326=+Hc/!

,e1W12B+B1! L9:I+?(1! 1IH! c36,1D15H! ,e(51! )1I! B45H21D1I(21I! H1IHc1I! L4(2! L6,,+12! 6(W!
1OO1HI! )1! ,6! D+B24326=+Hc! h862H12! 1H! 6,./! "f$#i.! Je4NV1BH+O! L21D+12! )1! B1! H:L1! )1!
B45H21D1I(21I! 1IH! )1! B+N,12! ,e6HH1+5H1!D(IB(,4@I?(1,1HH+?(1/! H4(H! 15! 2cL45)65H! 6(W!
N1I4+5I! ILcB+O+?(1I! )1! B96?(1! 6IH2456(H1.! P5! 1OO1H/! (51! 3265)1! =62+6N+,+Hc! 15H21! ,1I!
+5)+=+)(I! )65I! ,e6HH1+5H1!D(IB(,4@I?(1,1HH+?(1! 6! cHc! )cB2+H1! 6(! B4(2I! )1I! =4,I/! ?(1!

B1,6!B45B1251!,6!)+D+5(H+45!)1!,6!O42B1/!)1!,6!L(+II65B1!1H!)1!,e15)(265B1!D(IB(,6+21/!
D6+I!6(II+!)1!,6!)15I+Hc!4II1(I1!h7)6DI!1H!6,./!"ff#w!J653!1H!6,./!"ff%w!J10,65B!1H!6,./!

"fffNi.!!
;,!1W+IH1!)1(W!H:L1I!)e1W12B+B1I!L9:I+?(1I!(H+,+IcI!6(!I1+5!)1!,e;CC!6O+5!)1!D6+5H15+2!,1I!
B6L6B+HcI! L9:I+?(1I! )1I! 6IH2456(H1I!Z! ,1I! 1W12B+B1I! 6c24N+?(1I! 1H! 2cI+IH+OI.! J1I!

1W12B+B1I! 45H! cHc! )c=1,4LLcI! L4(2! O6+21! H26=6+,,12! ,1I! D1DN21I! +5Oc2+1(2I/! D6+I!
c36,1D15H! ,1I! D1DN21I! I(Lc2+1(2I/! ?(+! 6=6+15H! cHc! 5c3,+3cI! I(2! ,1I! L2cBc)15H1I!

D+II+45I.! 81I! )1(W! H:L1I! )e1W12B+B1I! L9:I+?(1I! I45H! c36,1D15H! H1IHcI! 6(! B4(2I!
)ecH()1I! )e6,+H1D15H! L24,453c! g! HlH1! )cB,+=1! 6=1B! ,e6=65H631! 1IH! )1! L4(=4+2! H1IH12!
)+OOc215HI!L24H4B4,1I!6=1B!)1I!)(2c1I!4(!)1I!+5H15I+HcI!)+OOc215H1I.!
06IcI!I(2!)1I!cH()1I!2c6,+Ic1I!I(2!H1221/!,1I!L24H4B4,1I!)e15H26+51D15H!6c24N+?(1!15!
=4,! +5B,(15H! L,(I+1(2I! O4+I! L62! I1D6+51! (5! H26=6+,! I(2! (5! B:B,4@1234DdH21! h8:B,1!

P234D1H12! *+H9! X+N26H+45! ;I4,6H+45! 65)! CH6N+,+I6H+45! C:IH1D!Z! 8PX;Ci! h-+3(21! $Ti.!
812H6+5I! 6IH2456(H1I! H26=6+,,15H! ?(65H! g! 1(W! I(2! (5! H6L+I! 24(,65H! hU216)D+,,! *+H9!
X+N26H+45!;I4,6H+45!65)!CH6N+,+I6H+45!C:IH1D!Z!UX;Ci/!c36,1D15H!g!)+IL4I+H+45!g!N42)!)1!

,e;CC.! 81I! L24H4B4,1I! =+I15H! g! D6+5H15+2! L,(I! L62H+B(,+d21D15H! ,1I! L12O42D65B1I!
6c24N+?(1I!)1I!6IH2456(H1I.! ;,I!I45H!3c5c26,1D15H!2c6,+IcI!g!(51! +5H15I+Hc!B4DL2+I1!

15H21!&f!1H!Y&|!)1!,6!XS"D6W/!,6!B45I4DD6H+45!D6W+D6,1!)e4W:3d51!)1I!6IH2456(H1I!
h845=12H+54/!"ff"i.!K1I!2cI(,H6HI!=62+6N,1I!45H!cHc!)cB2+HI!6L2dI!^%!V4(2I!)1!=4,I!B91[!
#!6IH2456(H1I/!?(+!L2cI15H6+15H!(51!6(3D15H6H+45!)1!,1(2!XS"D6W!h845=12H+54/!"ff"i!
6L2dI!,1(2!IcV4(2.!K1!D65+d21!+5Hc21II65H1/!U26LL1!1H!6,.!h"ffbi!6!c36,1D15H!D45H2c!
(5! +DL6BH! )(! H:L1! )1! D6B9+51! (H+,+Ic1! I(2! ,6! L2c=15H+45! )1! ,e6H24L9+1! D(IB(,6+21!

hU26LL1! 1H! 6,./! "ffbi.! P5! 1OO1H/! 6(! B4(2I!)1! I45! cH()1/! I1(,I! ,1I! 6IH2456(H1I!?(+! 45H!
H26=6+,,c! I(2! ,1! UX;C! 45H! L2cI15Hc! (51! 6H24L9+1! D(IB(,6+21! D4+5I! +DL42H65H1/!

B45H26+21D15H!g!B1(W!?(+!6=6+15H!2c6,+IcI!,1I!1W12B+B1I!I(2!8PX;C!h@Y|!=I!@$Y|i.!7(!
I4,/! ,1I! B6L6B+HcI! )e15)(265B1! )1I! L62H+B+L65HI/! I45H! 3c5c26,1D15H! D1I(2cI! I(2! (5!
H6L+I!24(,65H!15!L4I+H+45!B4(B9c1.!7L2dI!(51!cH()1!)e6,+H1D15H!L24,453c!)1!#f!V4(2I/!

,1I!I(V1HI!?(+!45H!1(!(5!15H26+51D15H!6c24N+?(1!+5H15I+O!g!Tf@bf|!)1!,1(2!XS"D6W/!&!
V4(2I_I1D6+51/! 45H! 2c(II+! g!D6+5H15+2! ,1! XS"D6W!6(! 5+=16(! 4NH15(! 6=65H! ,e6,+H1D15H!

h>2115,16O!1H!6,./!$b^"i.!7=1B!,1!DlD1!H:L1!)e1W12B+B1/!F6IH+53I!1H!6,.!h"f$"i!6!D45H2c!
)1!O6t45!I+D+,6+21!(51!6Dc,+426H+45!4(!(5!D6+5H+15!)1!,6!D6II1!B62)+6?(1/!6+5I+!?(1!
)1!,6!B6L6B+Hc!g!,e1W12B+B1!6L2dI!&!I1D6+51I!)e6,+H1D15H!B91[!,1I!O1DD1I!hF6IH+53I!1H!

6,./!"f$"i.!P5!B4DL6265H!,1I!2cI(,H6HI!4NH15(I!6(!I4,!6=1B!B1(W!4NH15(I!15!=4,/!+,!1IH!
+DL42H65H! )1! H15+2! B4DLH1!)1! ,e+DL6BH! )+OOc215B+c! )1! ,6! L4I+H+45!)1N4(H! 1H! B4(B9c1!
,42I!)1!,6!2c6,+I6H+45!)(!DlD1!1W12B+B1!6c24N+?(1.!P5!1OO1H/!v(+55!1H!6,.!h$bb&i!6+5I+!



! &"!

?(1!845=12H+54!1H!6,.!h$b^"i!45H!D45H2c!(51!O2c?(15B1!B62)+6?(1!L,(I!O6+N,1!B91[!,1I!

I(V1HI!6,,453cI!?(1!B91[!,1I!I(V1HI!L26H+?(65H!(5!1W12B+B1!L9:I+?(1!I(2!,e1234DdH21!15!
L4I+H+45! 6II+I1! h845=12H+54! 1H! 6,./! $b^"w! v(+55! 1H! 6,./! $bb&i.! K1! DlD1/! ,6! B6L6B+Hc!

6c24N+?(1! )1I! I(V1HI! 1IH! )+D+5(c1! I(+H1! g! ,e6,+H1D15H! 6L2dI! ,e1W12B+B1! L9:I+?(1!
1OO1BH(c!15!L4I+H+45!)1N4(H!h845=12H+54!1H!6,./!$b^"i.!7+5I+/! +,!1IH!5cB1II6+21!?(1! ,1I!
H1IHI! I4+15H! 2c6,+IcI! )1! ,6! DlD1! D65+d21! )(265H! ,6! Lc2+4)1! L2cBc)65H! 1H! L15)65H!
,e6,+H1D15H!6O+5!?(1!,1I!2cI(,H6HI!4NH15(I!B4221IL45)15H!6(!D+1(W!g!B1(W!?(+!L4(2245H!
lH21!L4H15H+1,,1D15H!4NH15(I!6(!B4(2I!)1I!=4,I!IL6H+6(W.!!

P5!B45B,(I+45!)1I!1OO1HI!)1!,e1W12B+B1!6c24N+?(1!6(II+!N+15!15!=4,!?(e6(!I4,/!+,!21II42H!
(5!1OO1H!L4I+H+O!)1!,6!B4(2I1!)65I!,1!D6+5H+15!)1!,6!B6L6B+Hc!6c24N+?(1!)1I!6IH2456(H1I.!

81L15)65H/!I(+=65H!,e+5H15I+Hc!1H_4(!,6!O2c?(15B1!)1!,e1W12B+B1!6LL,+?(c/! ,e1OO1H!I(2!,1!
DcH6N4,+ID1!51!I126+H!L6I!,1!DlD1.!7+5I+!15!D4)(,65H!B1I!L626DdH21I/!,1I!B6L6B+HcI!
6c24N+?(1I!L1(=15H!lH21!D6+5H15(1I!DlD1!)65I!,1!B6I!)1!L24H4B4,1I!)+OOc215HI!hJ11!

1H!6,./!"f$fi.!!
K65I! ,1! N(H! )1! 215)21! ,e15H26+51D15H! L9:I+?(1! ,1! L,(I! B4DL,1H! L4II+N,1/! ,1I!

L24H4B4,1I!)1!B45H21D1I(21I!15!=4,!+5B,(15H!c36,1D15H!)1I!1W12B+B1I!2cI+IH+OI!2c6,+IcI!
I(2! ,e6'PK! h6)=65B1)! '1I+IH+=1! PW12B+I1! K1=+B1i.! J1! L2+5B+L6,! 4NV1BH+O! )1! B1! H:L1!
)e6LL621+,!1IH!)1!D6+5H15+2! ,6! O42B1!D(IB(,6+21!1H!4II1(I1.!81(W@B+! I45H! 2c6,+IcI! I(2!
(51!L,6H1O42D1!=12H+B6,1!L12D1HH65H!,1I!O,1W+45I!H4(H!15!L4(II65H!B45H21!(51!L,6?(1.!
J6!2cI+IH65B1!)1!B1HH1!L,6H1O42D1!L1(H!=62+12!1H!L12D1H!)e15H21H15+2!,6!O42B1!L9:I+?(1!

)1! B96?(1! I(V1H.! K1! 2cB15H1I! cH()1I! 45H! D45H2c! ?(1! ,e1W12B+B1! 2cI+IH+O! +DL6BH126+H!
L4I+H+=1D15H! ,6! L12H1! 4II1(I1! 15! 6(3D15H65H! ,6! O42D6H+45! )1! ,e4I! hC96BE1,O42)/!
"ff%i.!J1I!1W12B+B1I! 2cI+IH+OI! I45H! H2dI! I4(=15H! B4DN+5cI!g!)e6(H21I! B45H21D1I(21I/!
)45H!,6!L,(I!B4(265H1!1IH! ,6!=+N26H+45.!C45!1OO+B6B+Hc!6!cHc!L24(=c1!I(2!,e6H24L9+1!)1I!
D:4O+N21I!1H!)65I!,1!D6+5H+15!)1!,6!O42B1!ILcB+O+?(1!6,,4(c1!g!,e1W12B+B1!h06DD65!1H!

6,./!$bb^i/!B45H26+21D15H!g!,e1W12B+B1!2cI+IH+O!I1(,!h'+HH*1312!1H!6,./!"ff&i.!K1!,6!DlD1!
D65+d21/!,e1W12B+B1!2cI+IH+O!=+N26H4+21!L2c=+15)26+H!,6!L12H1!4II1(I1!6(!5+=16(!)(!H+N+6!
h'+HH*1312! 1H! 6,./! "f$fi.! K1I! 2cI(,H6HI! I+D+,6+21I! 45H! cHc! 21H24(=cI! 6L2dI! Tf! V4(2I!
)e6,+H1D15H!B91[!,e94DD1/!)45H!,6!L2c=15H+45!)1!,6!L12H1!4II1(I1!6!cHc!D1+,,1(21!)65I!
,1! 324(L1! I(V1H! g! (5! 1W12B+B1! 2cI+IH+O! 1H! =+N26H4+21! h01,6=:! 1H! 6,./! "f$fi.! Ke6(H21I!
I:IHdD1I! L9:I+4,43+?(1I! I45H! c36,1D15H! H4(B9cI! L62! ,1I! B45H21D1I(21I! L9:I+?(1I!
2cI+IH+=1I.!7+5I+!6(!5+=16(!B62)+4=6IB(,6+21/! ,e1W12B+B1!2cI+IH+O!=+N26H4+21!6!L12D+I!)1!

D6+5H15+2! ,6! I15I+N+,+Hc! )(! N6242cO,1W1/! D6+I! 5e6! L6I! L(! L2c=15+2! ,e+5H4,c265B1!
42H94IH6H+?(1!h84(Lc!1H!6,./!"f$$i.!P5O+5/!6(!B4(2I!)e(51!cH()1!)e6,+H1D15H!L24,453c/!
B1!H:L1!)e1W12B+B1!6!L12D+I!)1!L2cI12=12!,e6HH1+5H1!B62)+6?(1!B626BHc2+IH+?(1!)1I!1OO1HI!

)1!,6!D+B24326=+Hc!h=65!K(+V594=15!1H!6,./!"f$fi.!!
812H6+51I! cH()1I! 45H! c36,1D15H! 656,:Ic! ,e1OO1H! B4DN+5c! )e(5! 1W12B+B1! 6c24N+?(1! 1H!

2cI+IH+O.! P5! 1OO1H/! 6BH(1,,1D15H/! g! N42)! )1! ,e;CC/! ,1I! L24H4B4,1I! )e15H26+51D15H!
B4DN+515H! ,1I!)1(W! H:L1I!)e1W12B+B1I!g!)1I! O2c?(15B1I!)+OOc215H1I/!)1!#!g!T! O4+I!L62!
I1D6+51!hCB951+)12!1H!6,./!"ff#w!C96BE1,O42)/!"ff%i.!Je1OO+B6B+Hc!)1!,6!B4DN+56+I45!)1I!

)1(W!H:L1I!)e1W12B+B1!21IH1!B1L15)65H!B45H24=12Ic.!P5!1OO1H/!J10,65B!1H!6,.!h"fffi/!45H!
)cD45H2c! ?(1! ,6! )15I+Hc! 4II1(I1! 5e6=6+H! L6I! L(! lH21!D6+5H15(1! g! I45! H6(W! 542D6,!
)(265H! ,6! D+II+45! IL6H+6,1! D6,32c! ,6! B4DN+56+I45! )1I! )1(W! H:L1I! )e1W12B+B1I!



&#!

B4DN+5cI! hJ10,65B! 1H! 6,./! "fffNi.! P5! 21=65B91/! 6L2dI! (51! cH()1! )e6,+H1D15H/! ,6!
B4DN+56+I45!)e(5!1W12B+B1!2cI+IH+O!1H!6c24N+?(1!6!1(!(5!+DL6BH!L62H+1,!I(2!,e6,Hc26H+45!
)(! DcH6N4,+ID1! ,+L+)+?(1.! 7+5I+/! 6L2dI! Tf! V4(2I! )1! D+B24326=+Hc! I+D(,c1/! ,6!

B45H21D1I(21! L9:I+?(1! B4DN+5c1! 6! ,+D+Hc! ,6! )+D+5(H+45! )1! ,e4W:)6H+45! )1I! ,+L+)1I!
6,+D15H6+21I.!81L15)65H!+,!5e:!6!6(B(5!1OO1H!I(2!,1!IH4BE631!1BH4L+?(1!)1I!,+L+)1I!)65I!
,1! D(IB,1! h01234(+3565! 1H! 6,./! "ffbi/! B45H26+21D15H! g! (5! 1OO1H! L4I+H+O! )e(5!
15H26+51D15H! 2cI+IH+O! I1(,! I(2! ,1! IH4BE631! 1BH4L+?(1! )1I! 326+II1I! )65I! ,6! D41,,1!
4II1(I1!hU2()1,!1H!6,./!"f$"i.!!

P5!B45B,(I+45/!)1!2c1,I!1OO1HI!L4I+H+OI!)1! ,e1W12B+B1!?(e+,!I4+H!6c24N+?(1!1H_4(!2cI+IH+O!
1H_=+N26H4+21! I45H! 4NI12=cI.! 81L15)65H/! ,e+5H15I+Hc! 1H! ,6! O2c?(15B1! )1I! 1W12B+B1I!

21IH15H! 15B421! g! )cO+5+2! 6O+5! )1! H24(=12! ,1! D1+,,1(2! B4DL24D+I! 15H21! 1OO+B6B+Hc! 1H!
O6+I6N+,+Hc! 1H!)1!L4(=4+2! ,e6LL,+?(12! g!N42)!)1! ,6! IH6H+45! IL6H+6,1! +5H1256H+456,1.! J1I!
O(H(21I! 21B912B91I! H15)15H! g! (51! )+D+5(12! ,1! H1DLI! 6,,4(c! 6(W! 1W12B+B1I! 6(! L24O+H!

)e(51!6(3D15H6H+45!)1!,e+5H15I+Hc!1H!15!1ILc265H!(51!D1+,,1(21!1OO+B6B+Hc!h845=12H+54/!
"ff"i.!7+5I+/!,6!B4DN+56+I45!)1!L,(I+1(2I!H:L1I!)e1W12B+B1I!g!)+OOc215H1I!+5H15I+HcI!4(!

)e6(H21I!B45H21D1I(21I!1IH!(51!6LL24B91!g!51!L6I!5c3,+312.!!
!
!!

!
!
-+3(21!$T!Z!PW12B+B1I!L9:I+?(1I!2c6,+IcI!6(!I1+5!)1!,6!CH6H+45!CL6H+6,1!;5H1256H+456,1.!82c)+H!L94H4!Z!PC7!

)



! &%!

)
-+3(21! $Y% Z! 8422c,6H+45! L4I+H+=1! 15H21! ,6! L12H1! D(IB(,6+21! )(! D4,,1H! 1H! ,1! H1DLI!

)e1W12B+B1!I(2!,1!H6L+I!24(,65H.!hU26LL1!1H!6,./!"ffbi.!

)

)
-+3(21! $^!Z!K15I+Hc! 4II1(I1! H4H6,1! g! N42)!)1! ,6! IH6H+45!G+2/! 15! O45BH+45!)1I! )+OOc215HI!

H:L1I! )e1W12B+B1! hCD+H9! 1H! 6,./! "f$"6i!Z! G+2!hC65I! 1W12B+B1i/! +'PK! h+5H12+D! '1I+IH+=1!

PW12B+I1!K1=+B1i!1H!6'PK!h6)=65B1)!'1I+IH+=1!PW12B+I1!K1=+B1i.!

!

'4 !"%)20#0*$20*+%$)2&)&"%%0//0*+
J6!5(H2+H+45!?(+!B4221IL45)!g! ,e6II+D+,6H+45!)1I!5(H2+D15HI/! ,1I!B4DL4I65HI!)1!N6I1!

)1!54I!6,+D15HI/!V4(1!(5!2o,1!L2+D42)+6,!)65I!,1!DcH6N4,+ID1!15!6LL42H65H!,ec5123+1!
5cB1II6+21!6O+5!)1!D6+5H15+2!,ec?(+,+N21!L9:I+4,43+?(1!1H!)1!B1!O6+H/! ,1I!L12O42D65B1I!
)1I! 6IH2456(H1I.! 7! ,6! I(+H1! )1! L,(I+1(2I! cH()1I! 26LL42H65H! (51! )cO+B+15B1! )1!
,e42365+ID1! 15! B12H6+5I! 5(H2+D15HI! L4(=65H! lH21! g! ,e42+3+51! )(! )c=1,4LL1D15H!
)e6,Hc26H+45I!L9:I+4,43+?(1I/!)+=12I1I!B45H21D1I(21I!5(H2+H+4551,,1I!45H!cHc!H1IHc1I.!



&&!

#1 @+..04*&,%-%#),!&,!7#%-*#,&$!&%!-,%#)FI'-,%$!
J1! B45H2o,1! )1! ,6! 5(H2+H+45! 6(! B4(2I! )1I! =4,I! IL6H+6(W! =+I1! g! L2c=15+2! ,1!

)c=1,4LL1D15H! )e6,Hc26H+45I! L9:I+4,43+?(1I! 1H! 54H6DD15H! ,6! )cD+5c26,+I6H+45!
4II1(I1!4(!,e6H24L9+1!D(IB(,6+21.!P5!1OO1H/!L,(I+1(2I!D4,cB(,1I!+5H12=+15515H!)65I!,1!

L24B1II(I!)1!B45I12=6H+45!)1!,6!)15I+Hc!4II1(I1/!L62!,1!D6+5H+15!)1!,6!B45B15H26H+45!
15! B6,B+(D.! J6! =+H6D+51! K! 1IH! 542D6,1D15H! I:5H9cH+Ic1! ,42I! )e(51! 1WL4I+H+45!
I(OO+I65H1! 6(! I4,1+,! 1H! L12D1H! )e6(3D15H12! ,e6NI42LH+45! +5H1IH+56,1! )(! B6,B+(D.! C6!

B45B15H26H+45!6(!B4(2I!)e(5!=4,!IL6H+6,!cH65H!)+D+5(c1/!1,,1!1IH!6)D+5+IH2c1!6(!B4(2I!
)1I!=4,I!IL6H+6(W/!B4DN+5c1!6(!B6,B+(D.!81L15)65H/!,6!I(LL,cD15H6H+45!15!=+H6D+51!K!

51!I(OO+26+H!L6I!g!L2c=15+2!,e4IHc4L424I1!hF4,+BE/!$bb^i.!!
]51! 6(H21! =+H6D+51/! ,6! =+H6D+51! A/! 1IH! ?(65H! g! 1,,1! 21IL45I6N,1! )1! ,6! O+W6H+45! )(!
B6,B+(D! I(2! ,1I! 4I! 1H! +59+N126+H! ,6! 2cI42LH+45! 4II1(I1! hF112/! "ff"i.! C6!

I(LL,cD15H6H+45! 6! cHc! )cB2+H1! B4DD1! 6(3D15H65H! ,6! B45B15H26H+45! L,6ID6H+?(1! 15!
D62?(1(2I! )1! ,6! O42D6H+45! )1I! 4I! 1H! 2c)(+I65H! B1(W! )1! ,6! 2cI42LH+45! 4II1(I1.! P,,1!
IH+D(,126+H! c36,1D15H! ,6! B62N4W:,6H+45!)1! ,e4IHc4B6,B+51/! )+D+5(65H! 6+5I+! ,6! O263+,+Hc!
4II1(I1! h86+,,4H@7(3(II16(! 1H! 6,./! "fffi.! K1I! cH()1I! B4DL,cD15H6+21I! 21IH15H!
B1L15)65H! g! 2c6,+I12! 6O+5! )1! L2cB+I12! ,1I! B45Ic?(15B1I! )1! ,6! I(LL,cD15H6H+45! 15!
=+H6D+51!A!B91[!,1I!6IH2456(H1I.!P5!1OO1H/!<*62H!1H!6,.!h"f$$i!I(33d21!,e+5(H+,+Hc!)e(51!
I(LL,cD15H6H+45! 15! =+H6D+51! A/! B62! 6(B(5! B96531D15H! )1! B45B15H26H+45! 5e6! cHc!

)cB2+H!B91[!$&!6IH2456(H1I!,42I!)1!,1(2!D+II+45!g!N42)!)1!,e;CC!h<*62H!1H!6,./!"f$$i.!!
Ke6(H21I! IB+15H+O+?(1I! 45H! c36,1D15H! D45H2c! (5! L4II+N,1! 1OO1H! L2c=15H+O! )e(51!
I(LL,cD15H6H+45! 15! D+B245(H2+D15HI! I(2! ,1! )c=1,4LL1D15H! )1! H24(N,1I!
DcH6N4,+?(1I.! 8e1IH! ,1! B6I! )1! C6=62:@7([1,4(W! 1H! 6,.! h"f$#i! ?(+! 45H! D45H2c! ?(e(5!
B4BEH6+,!65H+4W:)65H/!1WH26+H!)1!H9c!=12H/!B(2B(D6!4(!15B421!,e9(+,1!)1!54+W/!B4(L,c!g!

)1!,6!,1(B+51!IH+D(,126+H!,6!I:5H9dI1!L24Hc+?(1!B91[!)1I!26HI!I(IL15)(.!K1!B1!O6+H/!,1I!
26HI! I(LL,cD15HcI! 2cB(Ld2126+15H! L,(I! 26L+)1D15H! ,6!D6II1!D(IB(,6+21! L12)(1! 6(!

B4(2I!)1!,6!I(IL15I+45!hC6=62:@7([1,4(W!1H!6,./!"f$#i.!U4(H1I!,1I!cH()1I!6(II+!N+15!6(!
I4,! ?(e15! =4,/! 51! )cD45H215H! L6I! )e1OO1HI! 4(! )1I! 1OO1HI! B45H24=12IcI! )1I!
B45H21D1I(21I! 5(H2+H+4551,,1I/! =+H6D+51I! 4(! 65H+4W:)65HI/! I(2! ,6! )cD+5c26,+I6H+45!

4II1(I1! hCD+H9! 1H! 6,./! "f$#6i! 4(! ,e6H24L9+1! D(IB(,6+21/! I4(,+3565H! ,e+DL42H65B1!
)ecH()1I!B4DL,cD15H6+21I!6O+5!)1!H24(=12!,1!)4I631!4(!,6!B4DL4I+H+45!6)c?(6HI.!!
7(@)1,g! )1! ,e+DL6BH! I(2! ,6! IH2(BH(21!D(IB(,4@I?(1,1HH+?(1/! ,6! 5(H2+H+45! =6! 6=4+2! (5!
2o,1! B6L+H6,! )65I! ,1I! B96531D15HI! 942D456(W! ,+cI! g! ,6! D+B24326=+Hc.! 812H6+51I!
942D451I!)1!IH21II!hB42H+I4,/!cL+51L92+51/!542cL+51L92+51!1HB.i!I45H!IcB2cHc1I!I(+H1!g!

(51!6(3D15H6H+45!)(!IH21II.!Je6LL42H!5(H2+H+4551,!=6!L24N6N,1D15H!L4(=4+2!V4(12!(5!
2o,1! )1! H1DL42+I6H1(2! 15! L12D1HH65H! )1! D6+5H15+2! ,1! I:IHdD1! c,1BH24,:H+?(1! 1H!
54H6DD15H!)(! I4)+(D/! )45H! ,6! 2c3(,6H+45! +DL,+?(1! ,1I! B6HcB94,6D+51I! h8156! 1H! 6,./!
"ff#i.!K65I!,1!DlD1!B45H1WH1/!,1!I:IHdD1!+DD(5+H6+21!1IH!c36,1D15H!+5O,(15Bc!L62!,6!

5(H2+H+45.!J6!B4DL4I+H+45!5(H2+H+4551,,1!)1I!21L6I/!,1I!I(LL,cD15H6H+45I!15!=+H6D+51I!
L1(=15H! 6Dc,+4212! ,1I! )cO15I1I! +DD(5+H6+21I! )+D+5(c1I! )65I! ,e1IL6B1.! P5! 1OO1H/! ,6!
)+D+5(H+45!1H!,e6,Hc26H+45!)1!,6!I:5H9dI1!)1I!,:DL94B:H1I!U!6!cHc!)cB2+H1!6(!B4(2I!)e(5!



! &T!

=4,/! 4(! 15B421! ,e6(3D15H6H+45! )(! 2+I?(1! )1! B45H26BH12! (51! +5O1BH+45! h8156! 1H! 6,./!
"ff#i.! M,(I+1(2I!D+B245(H2+D15HI! I45H! B455(I! L4(2! lH21! +DL6BHcI! ,42I! )e+5O1BH+45I!
h096IE626D/!"ff"i!1H!+5=12I1D15H!Z!=+H6D+51I!7/!0$"/!8/!2+N4O,6=+51!4(!15B421!,1![+5B!

I45H! +DL,+?(cI! )65I! ,1! )c=1,4LL1D15H! )1! 54DN21(I1I! D6,6)+1I! )(! O6+H! )1! ,1(2!
)cO+B+15B1.!M62!1W1DL,1/!(51!)cO+B+15B1!15![+5B!=6!15H26+512!(51!6H24L9+1!)(!H9:D(I!
h8965)26/! $bbYi/! +DL,+?(c! )65I! ,6! O42D6H+45! )1I! ,:DL94B:H1I! U.! P5O+5/! 6(@)1,g! )1!
,e6IL1BH!L9:I+4,43+?(1!)1!,6!5(H2+H+45/! ,e6IL1BH!I4B+6,!1IH!c36,1D15H!B6L+H6,.!J1!)cO+B+H!
15!B12H6+51I!D4,cB(,1I!)65I!,e6,+D15H6H+45!L1(H!g!L,(I!,453!H12D1!6,Hc212!,6!DcD4+21/!

,1I! O45BH+45I! B435+H+=1I! )1I! 6IH2456(H1I! 4(! 15H26+512! )(! IH21II! 4(! )1! ,e65W+cHc.!
Je15I1DN,1!)1!B1I!H24(N,1I!L1(H!6,Hc212!,1I!21,6H+45I!I4B+6,1I!15H21!,1I!6IH2456(H1I!1H!

g!L,(I!,453!H12D1/!,1!I(BBdI!)1!,6!D+II+45!h8156!1H!6,./!"ff#i.!!
J6! L,(L62H! )1I! B45H21D1I(21I! 5(H2+H+4551,,1I! B+Hc1I! L,(I! 96(H/! I(LL,cD15H6H+45! 15!
D+B245(H2+D15HI/!=+H6D+51I!4(!65H+4W:)65HI/!I45H!H1IHc1I!)65I!(5!L21D+12!H1DLI!I(2!

,1I! 65+D6(W/! O6B+,+H65H! ,e6BBdI! g!)1I!)455c1I!L,(I! B4DL,dH1I! 1H!L62O4+I! +56BB1II+N,1I!
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7(! H26=12I!)1! B1HH1! H9dI1/! 54(I! 6=45I! B912B9c! g! cH()+12! ,e+DL6BH! )+OOc215HI!5+=16(W!

)e6BH+=+Hc! L9:I+?(1! I(2! ,1! )c=1,4LL1D15H! )1! )c2c3(,6H+45I!
DcH6N4,+?(1I/!B626BHc2+IH+?(1I! )e(5! 15=+24551D15H! D+B24326=+H6+21! Z! (51!
+5O,6DD6H+45! )1! N6I! 5+=16(/! (51! 6,Hc26H+45! )(! DcH6N4,+ID1! ,+L+)+?(1! 1H! )1! ,6!

I15I+N+,+Hc! g! ,e+5I(,+51.! P5! L626,,d,1! )1! B1I! H26=6(W/! 54(I! 6=45I! =4(,(! c=6,(12!
,e+5O,(15B1! )1! B45H21D1I(21I! 5(H2+H+4551,,1I/! ,6! I(LL,cD15H6H+45! 15! L24Hc+51I! )(!

L1H+H!,6+H!B4DN+5c1!g!)1I!I1,I!6,B6,+5I!I4(I!O42D1!)1!N+B62N456H1!)1!L4H6II+(D/!I(2!B1I!
6,Hc26H+45I.!!

7+5I+/!,1!L21D+12!B96L+H21!)1!B1HH1!H9dI1!I1!B45I6B21!g!,6!=62+6H+45!)1!,6!B45B15H26H+45!
L,6ID6H+?(1!15!=+IO6H+51!g!,6!I(+H1!)1!)+OOc215H1I!+5H12=15H+45I!2c6,+Ic1I!I(2!,1!5+=16(!
)e6BH+=+Hc! L9:I+?(1! )1I! L62H+B+L65HI!Z! $! D4+I! )1! )cI15H26+51D15H! B91[! )1I! I(V1HI!
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B4DL,cHc1I!L62! ,1! B6,B(,! )1!)1(W! +5)1W!)1! Ic=c2+Hc!)1! ,e+5O,6DD6H+45!9cL6H+?(1.!P5!

L626,,d,1/! ,e+DL6BH! )e(51! B45H21D1I(21! L9:I+?(1/! ,6! B4DN+56+I45! )e(5! 1W12B+B1!
6c24N+?(1!1H!2cI+IH+O/!6!c36,1D15H!cHc!H1IHc1.!
P5O+5/!,1!)125+12!B96L+H21!)1!B1HH1!H9dI1!L42H1!I(2!,e+DL6BH!)1!"$!V4(2I!)1!I+D(,6H+45!
)1! ,6!D+B24326=+Hc! I(2! ,1!DcH6N4,+ID1! ,+L+)+?(1! 1H! I(2! ,6! I15I+N+,+Hc! g! ,e+5I(,+51.! J1!
O4+1/! ,1! D(IB,1! 1H! ,1! H+II(! 6)+L1(W/! +DL,+?(cI! )65I! ,e6,Hc26H+45! DcH6N4,+?(1! ,+cI! g!

,e+56BH+=+Hc!L9:I+?(1!Ic=d21/!45H!cHc!I(+=+I!6O+5!)1!)cH12D+512!,1(2!2o,1!21IL1BH+O!)65I!
,e4W:)6H+45!1H!,1!IH4BE631!,+L+)+?(1/!6+5I+!?(1!)1!,6!I15I+N+,+Hc!g!,e+5I(,+51.!P5!L626,,d,1!
)1!B1I!656,:I1I/!(51!B45H21D1I(21!5(H2+H+4551,,1/!,6!I(LL,cD15H6H+45!15!L24Hc+51I!1H!
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• J1!I1B45)!B96L+H21!H1IH126!,e9:L4H9dI1!)e(51!6(3D15H6H+45!)1I!D62?(1(2I!
9cL6H+?(1I!6L2dI!(5!6,+H1D15H!L24,453c!)1!Tf! V4(2I!B91[! ,6! O1DD1.!81HH1!
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F16,H9:! 542D6,@*1+39H! =4,(5H112I! hN4):! D6II! +5)1W! h0G;i! �! "f@"&! E3_D"i!
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04):! B4DL4I+H+45!*6I!D6)1! 6H! N6I1,+51! 45!0K8@T! 65)! H91! I1B45)!)6:! 4O! '! L12+4)!

h'�"i.! j1! 6,I4! D16I(21)! ,+=12/! D(IB,1! 65)! 6)+L4I1! H+II(1! O6H! B45H15H! H9211! H+D1I!
)(2+53! H91! IH():! 6H! 0K8@"/! FKU$f! 65)! FKU"f! (I+53! D6351H+B! 21I4565B1! +D6312:!
hG';i.!
U4!H1IH!4(2!D6+5!9:L4H91I1I!45!H91!1OO1BH!4O!N1)!21IH!45!,+L+)!D1H6N4,+ID!6!*1,,!6I!H91!
1OO1BH! 4O! L24H1+5! 65)! I4)+(D! N+B62N456H1! 6I! B4(5H12D16I(21I/! *1! )1I+351)! H9211!

B4DL,1D15H62:!L24H4B4,I!H4!6II1IIZ!

• K+1H62:!O6H!D1H6N4,+IDZ!4W+)6H+45/!H26OO+BE+53!65)!1BH4L+B!IH42631.!

• S26,!3,(B4I1!H4,1265B1.!!

• ;5O,6DD6H+45!65)!4W+)6H+=1!IH21II!IH6H(I1I!

K+1H62:!O6H!D1H6N4,+ID!*6I!):56D+B6,,:!+5=1IH+36H1)!(I+53!)+1H62:!,+L+)I!,6N1,1)!*+H9!
IH6N,1! +I4H4L1I!6)D+5+IH121)! +5!6!IH65)62)+[1)!D16,.!J+L+)! H26OO+BE+53!65)!4W+)6H+45!
*121! 1=6,(6H1)! H*+B1! )(2+53! IL1B+O+B! H1IH! )6:I! 6H! 0K8@%! 65)! FKU$b/! (I+53! $@$#8!

6B1H6H1!65)!)#$!L6,D+H6H1.!!
>,(B4I1! H4,1265B1! *6I! 1=6,(6H1)! H*+B1! 6H! 0K8@$! 65)! FKU"$! (I+53! 6! H:L+B6,! 426,!

3,(B4I1! H4,1265B1! H1IH! +5!*9+B9! )Y! 3,(B4I1!*6I! 6))1)! H4! 6II1II! 1W43154(I! 3,(B4I1!
4W+)6H+45!65)!+DL24=1!4(2!1=6,(6H+45!4O!+5I(,+5!I15I+H+=+H:.!!

U915/!6!,453+H()+56,!O4,,4*@(L!4O!)+OO1215H!D1H6N4,+B!=62+6N,1I!*6I!B45)(BH1)!)(2+53!
H91!IH():!(I+53!O6IH+53!N,44)!I6DL,1I.!!
;5O,6DD6H+45!*6I!+5=1IH+36H1)!D16I(2+53!91L6H+B!D62E12I!4O!+5O,6DD6H+45!6H!0K8@Y!
65)! FKU$f.! SW+)6H+=1! IH21II! D62E12I! *121! 6,I4! 1=6,(6H1)! 6H! 0K8@%/! FKU$%! 65)!
FKU$b! 65)! I4! *121! D16I(21)! ,+L4L24H1+5I.! -+56,,:/! E1:! D1H6N4,+B! D62E12I! *121!

D16I(21)!6H!0K8@%/!0K8@"/!FKU&/!FKU$f/!FKU$%/!FKU$b!65)!'�&.!!
!
!

! !
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R(H2+H+45!*6I!H+39H,:!B45H24,,1)!)(2+53!H91!IH():.!U91!O+2IH!)6:/!6OH12!#f!D+5!4O!21IH/!

'G'! *6I! D16I(21)! N:! +5)+21BH! B6,42+D1H2:! O42! #fD+5! hK1,H6H26B! ;;! G0F! "ff!
G1H6N4,+B!G45+H42/!K6H1W!S9D1)6/!G6)+I45/!j+IB45I+5/!]C7.i.!'G'!*6I!H915!(I1)!H4!
1IH+D6H1! 15123:! 21?(+21D15H! )(2+53! H91! IH():! N6I1)! 45! H91! IH65)62)+[6H+45!
)4B(D15H!4O!PC7!h�CH65)62)+[6H+45!4O!N1)!21IH!IH():!B45)+H+45I�!X12I+45!$.&i/!$Tf|!
4O!H91!'G'!)(2+53!H91!N6I1,+51!65)!21B4=12:!6DN(,6H42:!L12+4)!65)!$"f|!)(2+53!H91!

N1)!21IH!L12+4)!H4!6)V(IH!H4!H91!)1B216I1!+5!L9:I+B6,!6BH+=+H:.!U91!5(H2+15H!)6+,:!+5H6E1!
O4,,4*1)!H91!>12D65!21B4DD15)6H+45I!4O!)6+,:!+5H6E1!65)!*6I!B4DL4I1)!4O!&T|!4O!

B62N49:)26H1I!h%.Y&�f.%&!3_E3_)6:i/!#f|!4O!,+L+)I!h$.$$�f.fb!3_E3_)6:i!65)!$%|!4O!
L24H1+5I!+5H6E1!h$."$�f.f$!3_E3_)6:i!)(2+53!H91!6DN(,6H42:!L12+4).!K(2+53!FKU/!+5!
H91!B45H24,!B45)+H+45!*+H9!54!B4(5H12D16I(21/!H91!B62N49:)26H1I!*121!)1B216I1)!H4!

&$|! h#.#%�f.#^! 3_E3_)6:i/! H91! ,+L+)I! 21D6+51)! (5B96531)! 65)! H91! L24H1+5I!
+5B216I1)! H4! $b|! h$."#�f.f$! 3_E3_)6:i.! j+H9! L24H1+5! I(LL,1D15H6H+45/!

B62N49:)26H1I! +5H6E1!21D6+51)!(5B96531)!65)!65! +I4B6,42+B! 21L,6B1D15H!*6I!)451!
*+H9! 65! +5B216I1! +5! L24H1+5! +5H6E1! H4! "^|! h$.Yb�f.f"! 3_E3_)6:i! 65)! )1B216I+53! 4O!
,+L+)I!+5H6E1!H4!"&|!hf.Y$�f.f&!3_E3_)6:i.!!
!
!

!

!
-+3(21!"TZ!CH65)62)!D16,!O24D!I(NV1BH!-!)(2+53!N6I1,+51!L12+4).!

! !
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'4 N=102&#0%)(/+12")"'"/*+

#1 T)'I!()*.)$#%#),!-,'!)3A-,!>-%!(),%&,%!

0G! *6I! D16I(21)! 45! O6IH+53! IH6H1/! N(H! 6OH12! H91! O+2IH! =4+)! 65)! N,44)! I6DL,+53!

h1,1BH245+B!IB6,1/!;C$&f;>>@Cf8P/!C62H42+(I/!>�HH+5315/!>12D65:i.!K(2+53!H91!N6I1,+51!
65)!21B4=12:!L12+4)I/!H91!D16I(21I!*121!H6E15!I16H1)!65)!+5!916)!)4*5!H+,H!L4I+H+45!
)(2+53!H91!N1)!21IH!L12+4).!!
04):! B4DL4I+H+45/! B4DL4I1)! 4O! -G! 65)! --G! *6I! D16I(21)! +5! 6! I(L+51! L4I+H+45/!
(I+53!6!K\7!IB65!hF4,43+B/!>12D65:i.!!

J+=12/! D(IB,1! 65)! 6)+L4I1! H+II(1! O6H! B45H15H! *6I!D16I(21)! (I+53! 65! +5@65)@4(H! 4O!
L96I1! H1B95+?(1! h$.&U/! 21L1H+H+45! H+D1Z! Y.&#/! 1B94! H+D1Z! ".#^/! +D631! O21?(15B:Z! T%!
F2[/!C+1D15I!G1)+B6,!C:IH1DI/!P2,65315/!>12D65:i!45!16B9!L6H+15H!IB6551)!+5!I(L+51!

L4I+H+45.!

##1 "#.#'!%3->>#(U#,A!-,'!)F#'-%#),!
U1IH! )6:I! IH62H1)! N:! L24=+)+53! N6I1,+51! N,44)/! N216H9! 65)! (2+51! I6DL,1I.! ;H! *6I!
O4,,4*1)!N:!#fD+5!4O!+5)+21BH!B6,42+D1H2:!hK1,H6H26B!;;w!>15126,!P,1BH2+Bi!H4!D16I(21!
'G'.!U91!I(NV1BHI!H915!+531IH1)!6!,+?(+)!D16,!h%%|!4O!B62N49:)26H1I/!%$|!4O!,+L+)I!
65)! $&|! 4O! L24H1+5Ii! 4O! 6LL24W+D6H1,:! %GQ/! 21L21I15H+53! 45! 6=12631! &"|! 4O! H91!

'G'.!;H!*6I!B4DL4I1)!4O!,+?(+)!D16,!h'15(H2+,!N44IH12/!R1IH,ci!D+W1)!*+H9!B4,[6!65)!
4,+=1! 4+,/! #3! 4O! $@$#8! 6B1H6H1! h8JG@$&T@G>@f/! P(2+I4@H4L/! C6+5H@7(N+5/! -265B1i! 65)!

"."3! )#$@H2+L6,D+H6H1! hTTfTb^@CMP8/! C+3D6@7,)2+B9/! CH@J4(+I/! GS/! ]C7i.! ;5! 6))+H+45!
94D1D6)1! N216)/! N(HH12! 65)! 26ILN122:! V6D! *121! L24=+)1).! ;5! H91! L4IH@L265)+6,!
L12+4)/!94(2,:!I6DL,1I!4O!N,44)/!N216H9!65)!(2+51!*121!H6E15!O42!Y!94(2I!65)!+5)+21BH!

B6,42+D1H2:! L12O42D1)! 1=12:! 94(2! O42! #f! D+5.! M,6ID6! I6DL,1I! *121! 4NH6+51)! N:!
B15H2+O(36H+45!4O! H4H6,!N,44)/!$&D+5/!#fff2LD!6H!%{8.!C6DL,1I!*121!IH421)!6H! @^f{8!
(5H+,!656,:I+I.!M,6ID6!I6DL,1I!*121!(I1)!H4!D16I(21!)+1H62:!L6,D+H6H1!4W+)6H+45!65)!
H26OO+BE+53! +5H4!RP-7!65)! ,+L4L24H1+5I/! +5I(,+5!65)!3,(B4I1.!M6,D+H6H1!4W+)6H+45!*6I!

O(2H912!D16I(21)!(I+53!IL4H!(2+51!I6DL,1I!B4,,1BH1)!O42!#!)6:I!6OH12!H91!H1IH.!0216H9!
H1IHI!*121!94(2,:! B4,,1BH1)! H4! 6II1II! $#8!6B1H6H1!4W+)6H+45! H4! 1IH+D6H1! H2+B62N4W:,+B!
6B+)!hU87i!B:B,1!6BH+=+H:.!
7H!H91!15)!4O!16B9!H1IH!)6:/!D(IB,1!65)!6)+L4I1!H+II(1!N+4LI+1I!*121!H6E15!N1H*115!b!
H4!$$!94(2I!6OH12!H91!D4)126H1,:!9+39!O6H!D16,!65)!65!1WH15)1)!I56BE.!G(IB,1!G"=#.=)

&"#$%"&8=! 65)! ='&$.=! N+4LI+1I! *121! H6E15! (I+53! 6! N+4LI:! O42B1LI! +5I12H1)! +5H4! H91!
D(IB,1! 6OH12! ,4B6,! 651IH91I+6! 4O! H91! I1BH+45.! U91! N+4LI:! +I! H915! B,1651)! *+H9!
L9:I+4,43+B6,! I12(D! 65)! O24[15! +5H4! ,+?(+)! 5+H24315! O42! O(2H912! 656,:I1I.! 7)+L4I1!

H+II(1! N+4LI+1I! *121! 216,+[1)! (I+53! 6! &fDJ! I:2+531.! 7OH12! 651IH91I+6/! H91! I(23145!
+5I12H1)! H91! 511),1! (5)12! H91! IE+5! 65)!D6)1! H91! =6B((D!N:! N,4BE+53! H91! L,(5312.!
C,4*!D4=1D15HI!(5)12!H91!IE+5!6,,4*1)!H915!H91!I(NB(H6514(I!O6H!H4!31H!+5I+)1!H91!
I:2+531.!U91!N+4LI:! +I! H915! B,1651)!45!6! O+,H12!*+H9!L9:I+4,43+B6,! I12(D!65)! O24[15!
+5H4!,+?(+)!5+H24315.!C6DL,1I!*121!IH421)!6H!@^f{8!(5H+,!656,:I+I.!



! Y^!

!
! ! -+3(21!"YZ!;5)+21BH!B6,42+D1H2:!D16I(21D15H!L12O42D1)!45!6!L62H+B+L65H!

-+3(21!"^Z!CH65)62)!N216EO6IH!16H15!)(2+53!6!H1IH!)6:.!!

!

###1 V0+()$&!%)0&3-,(&!
>,(B4I1! H4,1265B1! *6I! D16I(21)! )(2+53! 65! 426,! 3,(B4I1! H4,1265B1! H1IH! hS>UUi!
IH62H+53!*+H9!N6I1,+51!N,44)! I6DL,1I.!U91! I(NV1BHI! H915! +531IH1)!".&3!4O!)Y! 3,(B4I1!

D+W1)! +5!#ffDJ!4O! 3,(B4I1! I4,(H+45! hf."&3_Ji! 3+=+53!Y&D3!4O! 3,(B4I1!L12! I(NV1BHI.!
0,44)!I6DL,1I!*121!H6E15!1=12:!#f!D+5!)(2+53!"!94(2I!H4!D16I(21!L,6ID6!3,(B4I1!

65)! +5I(,+5! B45B15H26H+45I! 65)! 1W43154(I! 3,(B4I1! 4W+)6H+45.! PW43154(I! ,6N1,1)!



Yb!

3,(B4I1! 4W+)6H+45! )(2+53! 65! S>UU! 96I! N115! I+35+O+B65H,:! B4221,6H1)! *+H9! +5I(,+5!

I15I+H+=+H:!D16I(21)!N:!9:L12+5I(,+561D+B!B,6DL!h0,(BE!1H!6,./!"f$#i.!!!

!%

84 <%(/A*0*+(%8+'(/'$/()&"%*+

#1 !L3A-,!>-%!(),%&,%!-,'!3&A#),-0!>-%!'&.)%!
75! +5@65)@4(H! 4O! L96I1! H1B95+?(1! *6I! (I1)! H4! 1=6,(6H1! 42365! O6H! B45H15H.! ;5! O6BH/!
*6H12!65)!O6H!L24H45I!96=1!54H!H91!I6D1!21I4565B1!6H!$.&U/!H9(I!*1!B65!)+OO1215H+6H1!
H91D!45!65!+D631.!U*4!H:L1I!4O! +D631I!621!H915!D16I(21)!*+H9!)+OO1215H!IL+5!1B94!

L(,I1! I1?(15B1.! U91! O+2IH! +D631I! 621! H6E+53!*6H12! 65)! O6H! I+356,I! +5@L96I1! 65)! H91!
4H912! 4(H@L96I1.! U91! B4DN+56H+45! 4O! H91I1! D16I(21I! 36=1! (I! O6H! 65)! *6H12! �! O6H!

+D631I.!!
-42!,+=12!O6H!B45H15H/!H91!+D631I!*121!B94I15!6=4+)+53!62H+O6BHI!65)!96=+53!H91!,6231IH!

,+=12! I1BH+45.! -42! H9+39! 65)! B6,O! O6H! B45H15H/! H91! +D631I!*121! B94I15! 6H! $_#! 4O! H91!
O1D(2!65)!H+N+6!,153H9I!21IL1BH+=1,:/!N4H9!IH62H+53!O24D!H91!E511.!!
;5! 16B9! I1HI! 4O! +D631I/! &! 24(5)! 213+45I! 4O! +5H121IH! h'S;Ii! O24D! 6N4(H! "BD"/! *121!
)1O+51)!(I+53!SI+2+W!I4OH*621!hM+WD14!C62,/!=&.&."i!65)!6=4+)+53!62H+O6BHI!h-+3(21!"bi.!
U91!I6D1!'S;I!*121!E1LH!O42!1=12:!I(NV1BH!O42!H91!*94,1!IH():.!]I+53!H91!5(DN12!4O!

L+W1,I!4NH6+51)!4(H!4O! H91!)+OO1215H!'S;/! H91!L12B15H631!4O! O6H!B45H15H! +5!16B9!42365!
*6I!H915!B6,B(,6H1)!(I+53!H9+I!1?(6H+45!hA+D!1H!6,./!"ff^iZ!
!!

!"#!!!! !! !
!"#$%&!!"!!"#$%&!!"!!"#!!"#$%

!"#$%&!!"!!"#$%&!!"! !"#$%!! !!"# !"#$%
! !""!!

!

-+3(21!"bZ!;5!65)!4(H!4O!L96I1!H1B95+?(1!,1OH!+D631Z!*6H12!65)!O6H!+D631!4O!I(NV1BHeI!0!H9+39.!-+=1!

213+45I!4O!+5H121IH!96=1!N115!I1,1BH1)w!2+39H!+D631Z!O6H!+D631!4O!I(NV1BHeI!0!H9+39!hSI+2+\!I4OH*621i.!

!
j1!6,I4!6II1II1)!I(NB(H6514(I!65)!=+IB126,!6)+L4I1!H+II(1!O6H!B45H15H.!U91!I13D15H!

B94I15! *6I! H6E15! N1H*115! H91! %H9! 65)! &H9! ,(DN62! =12H1N261! H4! 96=1! H91! I6D1!
21O1215B1! O42! 16B9! I(NV1BH! )(2+53! 6,,! D16I(21I.! U9+39! 65)! B6,O! I(NB(H6514(I! O6H!

B45H15HI! *121! D16I(21)! 6H! H91! I6D1! ,1=1,! H965! +5H26D(IB(,62! O6H! B45H15H.! 7,,!



! ^f!

B6,B(,6H+45I!*121!D6)1!N:!I13D15H6H+45!(I+53!7D+26!I4OH*621!hX+I631!+D63+53/!;5B./!

012,+5i.!
!

##1 N,&3AI!&F.&,'#%+3&S!%)%-0!-,'!'#&%-3I!$+/$%3-%&$!)F#'-%#),!

:1 'H:!.-0*#%-%&!)F#'-%#),!

04H9!L,6ID6!65)!(2+51!I6DL,1I!*121!(I1)!H4!D16I(21!)#$!L6,D+H6H1!4W+)6H+45.!f.&!D,!

4O!(2+51!I6DL,1I!*121!)1B4,42+[1)!*+H9!"fD3!4O!N,6BE!B62N45!65)!O+,H121)!H4!1WH26BH!
*6H12!(I+53!D+5+!B15H2+O(31!O+,H12I!*+H9!6!B(H@4OO!4O!$fEK6!65)!6!D1DN2651!D6)1!4O!
M4,:1H912I(,O451!hMPCi!hX+=6IL+5!&ff/!C62H42+(I/!-265B1i.!M,6ID6!I6DL,1I!*121!45,:!

O+,H121)!.!!
U91!45,+51!)1H12D+56H+45!4O!9:)24315!+I4H4L1!26H+4!+5!*6H12!*6I!L12O42D1)!(I+53!6!

9+39@H1DL126H(21!B45=12I+45!1,1D15H6,!656,:I12!hFU8_P7i!+5H12O6B1)!*+H9!6!K1,H6!X!
M,(I/! ;I4H4L1! '6H+4! G6II! CL1BH24D1H12! h;'GCi/! H924(39! 6! 845O,4! ;;;! hU912D4!
CB+15H+O+B/! 021D15/! >12D65:! O42! 6,,! +5IH2(D15HIi.! U91! 1,1D15H6,! 656,:I12! *6I!

1?(+LL1)!*+H9!H91!N4HH4D!O11)!B4551BH42!65)!6!3,6II:!B62N45!H(N1/!O+,,1)!*+H9!3,6II:!
B62N45! B9+LI! 916H1)! 6H! $%ff{8.! f.$! �J! 4O! H91! I6DL,1! *6I! +5V1BH1)! N:! 6! 8U8! M7J!

6(H4I6DL,12! h8U8! 656,:H+BI/! <*+5315/! C*+H[12,65)i.! U91! *6H12! 1WH26BH1)! O24D! H91!
I6DL,1! *6I! B45=12H1)! N:! L:24,:I+I! H4! F"! 65)! 8S! 36I1I! *121! I1L626H1)! *+H9! 6! >8!

B4,(D5!D6+5H6+51)!6H!$$f{8.!S5,:!F"!36I!*6I!D16I(21)!)(2+53!H91!+5V1BH+45.!!
;5!6!3+=15!I1?(15B1/!94D1D6)1!*6H12!IH65)62)I!*121!+5B,()1)!)(2+53!H91!D16I(21!
H4! B6,+N26H1! H91! I6DL,1I! 636+5IH! H91! +5H1256H+456,! IB6,1! hXCGSj"@CJ7M"! IB6,1i.!
"F_$F!26H+4I!*121!B6,B(,6H1)!65)!1WL21II1)!+5!)1,H6!54H6H+45!h�i.!
8(D(,6H+=1! 21B4=12:! 4O! "F!*6I! B6,B(,6H1)! +5! H4H6,! N4):!*6H12! hU0ji! 6I! L21=+4(I,:!
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BRIEF COMMUNICATION

Effects of different levels of physical inactivity on plasma visfatin in

healthy normal-weight men

Floriane Rudwill, Stéphane Blanc, Guillemette Gauquelin-Koch, Alexander Choukèr, Martina Heer, Chantal Simon, and Audrey Bergouignan

Abstract:We testedwhether physical inactivity (PI) is an independent predictor of plasma visfatin, a newly discovered adipokine

likely involved in the relationship between obesity-associated low-grade inflammation and insulin resistance. PI was induced in

healthy men (Body Mass Index = 23.4 ± 0.6 kg·m−2) by 10 days of confinement (n = 8), 1 month of detraining (n = 10), and 3months

of bed rest with (n = 7) and without exercise (n = 8). Visfatin was negatively associated with activity energy expenditure (p = 0.03).

No relationship was observed with insulin sensitivity. This suggested that PI itself increases visfatin concentrations.

Key words: physical activity level, PBEF (pre-B-cell colony-enhancing factor), Nampt (nicotinamide phosphoribosyltransferase),

exercise, insulin, bed rest and confinement.

Résumé : La visfatine est une adipokine récemment découverte et vraisemblablement impliquée dans la relation entre

l’inflammation de bas niveau associée à l’obésité et l’insulinorésitance. Nous avons testé l'hypothèse que l’inactivité physique est

un prédicteur indépendant de la concentration plasmatique en visfatine. Pour ce faire, nous avons combiné différentes études

dans lesquelles l’inactivité physique a été induite chez des hommes sains (Indice de Masse Corporelle = 23,4 ± 0,6 kg·m–2) par

10 jours de confinement (n = 8), 1 mois de désentrainement (n = 10) et 3 mois d’alitement avec (n = 7) ou sans exercice

physique (n = 8). La visfatine est négativement associée avec la dépense énergétique liée à l’activité physique (p = 0,03).

Aucune relation n’a été observée avec la sensibilité à l’insuline. Ceci suggère que la concentration plasmatique en visfatine

augmente avec l’inactivité physique. [Traduit par la Rédaction]

Mots-clés : niveau d’activité physique, PBEF, Nampt, exercice physique, insuline, alitement, confinement.

Introduction

Visfatin, also known as Nampt (nicotinamide phosphoribo-

syltransferase), is preferentially produced by human visceral adi-

pose tissue (Fukuhara et al. 2005) and acts as a cytokine with

glucose-regulatory and pro-inflammatory properties (Kadoglou

et al. 2010). Increased circulating visfatin levels have been ob-

served in individuals with obesity, insulin resistance, type 2 dia-

betes, and atherosclerosis (Choi et al. 2007; Haider et al. 2006b;

Chang et al. 2011). Although controversies exist regarding the

mechanisms, regulation (Tanaka et al. 2007), and physiological

effects of this protein, visfatin likely contributes to the patholog-

ical relationship between obesity-associated low-grade inflamma-
tion and the development of inflammation-related insulin
resistance, type 2 diabetes, and atherosclerosis.

Physical inactivity is known, alongwith poor diet, to contribute to
weight gain and obesity. The relationship between physical inactiv-
ity and low-grade inflammation may, however, be independent of
obesity. Lower levels of physical activity have indeed been associated
with a number of inflammatory markers (Hamer 2007), after adjust-
ment for fat mass. In diabetic individuals, a cross-sectional study
showed that after adjusting for sex, age, and BMI, physical activity is
associated with plasma visfatin levels (Kadoglou et al. 2010). Most of
the recent studies (Haider et al. 2006b; Jorge et al. 2011; Brema et al.

2008), butnot all (Bremaet al. 2008; Lee et al. 2010) have also reported
that chronic aerobic exercise training decreases visfatin concentra-
tion. However, these studies have only been performed in over-
weight or obese, type 1 or type 2 diabetic individuals, which does not
allow for determination of the impact of physical inactivity on
plasma visfatin concentration independent of fat mass, glucose tol-
erance, insulin sensitivity, or inflammation. By taking advantage of
3 studies performed in our laboratories corresponding to 4 experi-
mental groups, we investigated the effect of induced physical inac-
tivity on plasma visfatin concentration. The advantage of our studies
was that they induced various degrees of physical inactivity that
were objectively quantified and induced either by (i) voluntary de-
crease in structured or spontaneous physical activity in free-living
conditions, (ii) bed-resting with and without exercise, or (iii) confine-
ment in a metabolic ward, in healthy and normal-weight subjects
with contrasted physical activity levels at baseline. All of these stud-
ieswere also performedunder controlled fatmass, which allowedus
to determine the direct effect of physical inactivity on visfatin, i.e.,
independent of confounding positive energy balance.

Methods

Design of the studies
Healthy normal-weight volunteers (Body Mass Index (BMI) =

20–25 kg·m−2) were recruited for 3 studies, corresponding to

Received 10 November 2012. Accepted 26 February 2013.

F. Rudwill* and S. Blanc.* Université de Strasbourg, Institut Pluridisciplinaire Hubert Curien (IPHC), 23, rue Becquerel, 67087 Strasbourg, France, Centre National de la Recherche
Scientifique (CNRS), Unité mixte de recherche (UMR) 7178, 67087 Strasbourg, France.
G. Gauquelin-Koch. Centre National d'Etudes Spatiales, Paris, France.
A. Choukèr. Clinic of Anaesthesiology, University of Munich, 81366 Munich, Germany.
M. Heer. Department of Nutrition and Food Science, Nutritional Physiology, University of Bonn, Bonn, Germany.
C. Simon.* Unité de l'Institut National de la Santé et de la Recherche Médicale (INSERM) U1060, Université Lyon 1, Institut National de la Recherche Agronomique (INRA) 1235, Lyon, France.
A. Bergouignan.*,† Unité mixte de recherche (UMR) 7178, Centre National de la Recherche Scientifique (CNRS), Institut Pluridisciplinaire Hubert Curien (IPHC), Université de Strasbourg,
Strasbourg, France; Anschutz Health and Wellness Center, Box C263, University of Colorado Anschutz Medical Campus, Aurora, Colo., USA.

Corresponding author: Audrey Bergouignan (e-mail: Audrey.Bergouignan@ucdenver.edu).

*Equally contributing author.
†Present address: Division of endocrinology, metabolism and diabetes, Mail stop 8305, 12800 E. 19th Avenue, Room 5208, Aurora, CO 80045, USA.

689

Appl. Physiol. Nutr. Metab. 38: 689–693 (2013) dx.doi.org/10.1139/apnm-2012-0434 Published at www.nrcresearchpress.com/apnm on 8 March 2013.

!
"
"
#$
%&
'
(
)*
+
#$
%,
-
./
$%
0
1.
23
$%
4
+
5
6
#+
27
17
%8
/+
9
%5
5
5
$6
/:
/1
)1
2/
:'
"
/1
))
$:
+
9
%3
(
%;
<
&
%<
.2
88
%+
6
%=
>
?@
=
?@
A

B
+
/%
"
1/
)+
6
2#
%-
)1
%+
6
#(
$%



b#!

! !

4 experimental groups. In all of these studies, subjects were

weight stable for at least 3months prior to enrollment. They were

free of any known chronic diseases, had no alcohol or drug depen-

dence, and had nomedical treatment. Subjects had no first-degree

family history of obesity or type 2 diabetes.

The Strasbourg Lipid Oxidation (LIPOX) study was a detraining

study in 10 healthy normal-weight men (Strasbourg, France,

2008), who performed 2–3 h of moderate to vigorous leisure phys-

ical activity per week in their daily life. Subjects had a high phys-

ical activity level of 2.2 on average and were asked to stop

structured exercise and reduce their spontaneous daily living ac-

tivities for 1month (1-month detraining group). Although subjects

were in free-living conditions, the investigators tightly controlled

their compliance with the intervention and diet during the whole

period of the study. Details of the study can be found elsewhere

(Bergouignan et al. 2013).

The Thermo study was a confinement study conducted at the

German Space Agency (DLR, Cologne, Germany, 2006). After a

5-day baseline period, 8 healthy men stayed in a metabolic ward

for 10 days (10-day confinement group). Because the areawas small

and subjects did not have access to any exercise facility, body

movement was limited, which reduced daily physical activity

level.

The third study was a 3-month bed rest (3-month BR) study

(Space Clinic, Toulouse, France, 2001). After a 20-day ambulatory

baseline period, 15 healthy men were randomly divided into

2 groups: a control group (n = 8; 3-month BR group) who strictly

remained in bed, and an exercise group (n = 7; 3-month BR + EX

group) who was subjected concomitantly to 3 months of BR to

resistive exercise training program in supine position on a fly-

wheel ergometer (every 3 days, for 30 min at an intensity that

represented an energy cost of about 640 kJ per session)

(Bergouignan et al. 2006). This device allowed subjects to perform

maximal concentric and eccentric actions in the supine squat and

calf press.

Body composition, activity energy expenditure (AEE), and fast-

ing plasma visfatin were measured at baseline and at the end of

the intervention on physical activity in each study. Fasting plasma

insulin and glucose weremeasured in the 1-month detraining and

3-month BR studies only.

The 1-month detraining, 10-day confinement, and 3-month BR

studies were respectively approved by the Institutional Review

Boards of Alsace I, Ethics commission of the Ärtztekammer

Nordrhein, and Midi-Pyrénées I. Each subject signed a written

consent form.

Body composition

In the 1-month detraining and 10-day confinement studies, body

composition was measured using the isotope dilution method, as

previously described (Blanc et al. 1998). In the 3-month BR study,

fat mass and fat-free mass were measured by dual-energy X-ray

absorptiometry (Bergouignan et al. 2006).

Physical activity energy expenditure

AEE was calculated from the equation AEE = TEE − RMR − DIT,

where TEE is total energy expenditure, RMR is resting metabolic

rate, and DIT is diet-induced thermogenesis. In the 1-month de-

training and 10-day confinement studies, RMR and TEE were mea-

sured by indirect calorimetry and with the doubly labeled water

method, respectively, over 10 days, as previously detailed (Blanc

et al. 1998). DIT was assumed 10% of TEE. In the 3-month BR study,

AEE was estimated from the same equation except that only RMR

was measured. TEE was estimated by assuming a physical activity

level (PAL) of 1.7 and 1.42 during control and bed-rest periods,

respectively, and by using the following equation: PAL = TEE/RMR

(Bergouignan et al. 2006).

Fasting plasma visfatin, insulin, and glucose

concentrations

Visfatinwasmeasured by Visfatin C-Terminal Enzyme Immunoas-

say kit (Phoenix Pharmaceuticals, Inc., EK-003-80, Burlingame,

USA) with an intra-assay variation of <10% and an inter-assay

variation of <15% capable of detecting concentration from 0.1

to 1000 ng·mL−1. Insulin was measured by radioimmunoassay

(DSL-1600, DSL, Inc., Webster, Texas, USA) and glucose by enzy-

matic method (Biomérieux, No. 61270, Craponne, France). Not

enough plasma was available from the 10-day confinement

study to measure insulin and glucose. Insulin sensitivity was

estimated by calculating the homeostasis model of assessment –

insulin resistance (HOMA-IR).

Statistical analysis

The effects of physical activity interventions on anthropometric

and biological data and the associations between AEE, visfatin,

and HOMA-IR were analyzed by using mixed linear models taking

into account the repeated individual data over time, group, and

intervention as fixed effect, and individuals as random effect.

Heterogeneity of the intervention’s effect across groups was

tested. Least-square means and their standard errors of the mean

(SE) are presented. Post-hoc Tukey tests were used for pairwise

comparisons. The models examining the associations between

visfatin and HOMA-IR with AEE were adjusted for fat-free mass

and fatmass. Two-sided p values are reported and significancewas

set to 0.05 and 0.10 for main and interaction effects, respectively,

(SAS version 9.3, SAS Institute Inc., Cary, North Carolina).

Results

Baseline subjects’ characteristics

At baseline, age, body mass, and composition were not signifi-

cantly different between the groups (Table 1). AEE was higher

(p < 0.0001) and visfatin tended to be lower (p < 0.09) in the

1-month detraining subjects compared to both the 10-day confine-

ment and 3-month BR subjects (Fig. 1, Table 1). Insulin, glucose,

and HOMA-IR did not differ between the 1-month detraining and

3-month BR subjects.

Effect of physical activity interventions on AEE and body

composition

AEE was differently reduced according to the interventions on

physical activity (interaction: p = 0.08; Fig. 1, Table 1). AEE was

more decreased by 10 days of confinement and by 3 months of BR

with or without exercise (47.5%, 38.3%, and 46.5%, respectively)

than by detraining (14.3%). Because of muscle disuse, 3 months of

BR significantly decreased fat-free mass and consequently body

mass (interaction: p < 0.05 for both). However, that fat mass was

unchanged indicates that energy balance was stable (Zahariev

et al. 2005). None of the other physical activity interventionsmod-

ified body mass and composition (Table 1).

Effect of physical activity interventions on visfatin and

insulin sensitivity

The physical activity interventions differently impacted visfatin

concentrations (interaction: p = 0.1).Whereas visfatin significantly

increased by 54.9% and 49.7% in response to 10 days of confine-

ment (p < 0.01) and 3 months of BR (p = 0.02), respectively, no

change was noted in the 1-month detraining and 3-month BR + EX

groups. No change was observed in glucose concentration. Physi-

cal activity interventions also differently affected insulin concen-

tration and HOMA-IR (interaction: p < 0.10 for both). Insulin and,

consequently HOMA-IR, significantly increased in response to

3 months of BR even when exercise was performed (p < 0.001 for

both) but not in response to detraining.
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Relationships between AEE, visfatin, and insulin sensitivity
We examined the association between AEE and visfatin by tak-

ing all the subjects together. We similarly looked at the relation-
ships between AEE and insulin, glucose, and HOMA-IR in the
1-month detraining and 3-month BR groups. After adjusting for
body composition, AEE was negatively associated with visfatin
(p = 0.03). However, no significant associations were observed be-
tween visfatin and glucose, insulin, or HOMA-IR (p = 0.93, p = 0.39,
and p = 0.34, respectively). The inverse associations between AEE
and insulin or HOMA-IR failed to reach significance (p = 0.34 and
p = 0.39, respectively).

Discussion

Although physical inactivity may be a trigger of inflammation
contributing to the development of inflammation-related dis-
eases independent of overweight or obesity, the role of physical
activity per se in the regulation of circulating visfatin concentra-
tion is still scarce. By compiling 3 of our studies corresponding to
4 experimental groups, we observed a negative association be-
tween AEE and circulating visfatin levels in healthy and normal-
weight men. We also showed that a severe reduction in physical
activity, independent of detectable changes in fat and energy bal-
ance, increases plasma visfatin concentration. These results along
with the decrease in visfatin observed in response to chronic aer-
obic exercise training (Haider et al. 2006b; Jorge et al. 2011; Brema
et al. 2008) show that plasma visfatin concentration ismodified by
changes in physical activity. The underlyingmechanisms are how-
ever unknown.

Although visfatin was originally thought to have insulin mi-
metic effects by binding and activating the insulin receptor
(Fukuhara et al. 2005), subsequent studies have been unable to
repeat those results, and thus have been retracted (Fukuhara et al.
2005). We reported a decrease in insulin sensitivity in association
with an increase in plasma visfatin in response to physical inac-
tivity, but like others (Oki et al. 2007), we did not observe a signif-
icant relationship between visfatin and insulin sensitivity levels
or changes over time. Visfatin has been suggested to instead be
regulated by glycaemia and respond to nutrient availability
(Haider et al. 2006a). However, we did not observe relationships
between visfatin and glucose concentrations or energy intake
(data not shown), but with energy expended during physical ac-
tivity. Visfatin under its extracellular form has recently been
suggested to be, like the intracellular form Nampt, one of the
rate-limiting enzymes of the biosynthesis of NAD+ from
nicotinamide (Freyssenet 2007). Through its activation of SIRT1
but also of AMPK, the NAD/NADH ratio is known to be part of
the energy-sensing pathway at least at the intracellular level
(Freyssenet 2007). One may speculate that through its action on

NAD regulation, plasma visfatin (or Nampt) contributes to the

regulation of energymetabolism, and thus responds to changes in

AEE. Further studies are required to understand the mechanisms

underlying the regulation of plasma visfatin in response to

changes in physical activity.

An alternative explanation to the increased visfatin concentra-

tion in response to physical inactivity is a modification in fat

distribution. It has been shown that only 2 weeks of decrease in

daily steps (from 10 501 to 1344 steps·day−1) induce a significant 7%

increase in visceral adipose tissue with no change in total fatmass

(Olsen et al. 2008). A similar scenario is conceivable in our studies

and may explain the increase in plasma visfatin induced by phys-

ical inactivity in absence of a detectable increase in fat mass. The

persistence of a relatively high AEE in the 1-month detrained

group and the exercise performed during the 3months of BRmay

have, however, prevented accumulation of visceral adipose tissue,

which would explain the absence of increase in visfatin in these

groups. However, it is important to note that Curat et al. (2006)

have suggested that visfatin is produced not by visceral adipose

tissue itself but by macrophages that have infiltrated the adipose

tissue as a result of inflammation. Of interest, visfatin has been

correlated with inflammatory markers such as C-reactive protein

and interleukin 6 (Oki et al. 2007). Given that physical inactivity is

known to increase inflammation (Højbjerre et al. 2011), it seems

possible that the elevation in circulating visfatinmay be the result

of macrophage infiltration and (or) increased inflammation. Vis-

fatin would thus be the result of an increased inflammation

rather than the cause of an inflammatory state. Further studies

are required to better delineate the cause-and-effect relationship
between physical inactivity and inflammation and the role that
visfatin plays in it.

Some limitations exist. The relationship between visfatin and
insulin sensitivity have been weakened by the absence of glucose
and insulin measures in the 10-day confinement study. The rela-
tionships were, however, far from significant, even with a sample
size of 25 subjects, and we don’t believe that increasing the sam-
ple size would have changed the results. Measures of visceral and
subcutaneous adipose tissues, macrophages, and inflammatory
markers are lacking to better understand the underlying mecha-
nisms. Finally, our results cannot necessarily be applied to other
populations than healthy and normal-weight men.

Visfatin remains a controversial molecule, whose role and reg-
ulation still need to be defined. Our results propose a regulation
by physical activity, independent of measurable changes in en-
ergy balance. Physical activity impacts plasma visfatin concentra-
tion in fasting state, with an increase in circulating levels under
physical inactivity conditions. Further studies are required to bet-

Table 1. Subject characteristics.

1-month detraining

(n = 10)

10-day confinement

(n = 8)

3-month BR

(n = 8)

3-month BR + EX

(n = 7)

Characteristic Baseline

After physical

intervention Baseline

After physical

intervention Baseline

After physical

intervention Baseline

After physical

intervention

Age (years) 23.8±1.2 25.3±4.7 32.0±4.0 33.0±5.0
BMI (kg·m−2) 22.2±0.6 24.2±0.5 23.5±0.6 23.5±0.5
BM (kg) 71.7±2.8 71.4±3.1 79.4±2.0 79.2±2.2 70.3±2.2 67.7±1.9** 69.0±2.1 69.0±2.4
FM (kg) 10.5±1.1 11.4±1.4 16.3±1.7 16.1±1.9 13.0±1.5 12.6±1.1 10.5±1.2 11.0±1.3
FFM (kg) 61.2±2.4 60.0±2.6 63.2±1.3 63.2±1.2 57.4±1.6 55.0±1.0*** 58.5±1.5 58.0±1.1
Visfatin (ng·mL−1) 10.4±1.4 11.3±3.4 14.4±1.2 22.3±2.8* 14.3±1.6 21.4±3.3* 19.1±4.6 17.9±2.1
Glucose (g·L−1) 0.84±0.01 0.86±0.02 0.88±0.03 0.84±0.01 0.82±0.03 0.88±0.02
Insulin (mIU·L−1) 3.63±0.29 5.24±0.73 3.71±0.55 8.79±1.05*** 2.78±0.35 7.47±0.55***
HOMA-IR 0.74±0.05 1.11±0.14 0.80±0.13 1.83±0.23*** 0.56±0.07 1.49±0.15***
AEE (MJ·day−1) 6.32±0.41 5.41±0.34*** 4.40±0.35 2.31±0.33*** 3.54±0.07 1.90±0.03*** 3.65±0.09 2.25±0.06***

Note: Characteristics of the subjects from each experimental group represented as mean ± SE. BMI, Body Mass Index; BM, body mass; FM, fat mass; FFM, fat

free–mass; HOMA-IR, homeostatic model assessment of insulin resistance; AEE, activity energy expenditure. *, p ≤ 0.05; **, p ≤ 0.01; ***, p ≤ 0.001 baseline vs after

intervention. 3-mo BR, 3 months of bed rest; 3-mo BR + EX, 3 months of bed rest with concomitant resistive exercise.
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ter understand the mechanisms underlying the link between
physical inactivity and inflammation-related diseases.
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Effect of enforced physical inactivity induced by 60-day of bed rest on
hepatic markers of NAFLD in healthy normal-weight women
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Abstract
Background & Aims: Physical inactivity leads to a cluster of metabolic disor-
ders that have been associated with non-alcoholic fatty liver diseases (NA-
FLDs). To test whether physical inactivity increases hepatic biomarkers of
NAFLDs. Methods: Sixteen normal-weight healthy women (body mass
index = 21.2 ! 0.5 kg/m2) were studied under controlled energy balance
conditions during a previous 60-day bed rest with (n = 8) or without
(n = 8) a combined aerobic/resistive exercise protocol. We retrospectively
used stored samples to measure plasma hepatic markers, i.e. steatosis-related
alanine and aspartate transaminases, cytokeratin 18 and angiopoietin-like 3,
at baseline, after 30 and 60 days of bed rest. Fasting insulin and triglycerides
were measured at baseline and after 30 days of bed rest. Two indexes were
calculated, one combining alanine, aspartate transferase and cytokeratin 18
and another cytokeratin 18, homoeostasis model assessment –insulin resis-
tance and aspartate transferase. Results: Sixty days of bed rest increased all
hepatic markers (P < 0.05 for all) and the two indexes (P < 0.01 for both).
Exercise significantly reduced the elevation in aspartate transaminase, cyto-
keratin 18 and both indexes (P < 0.02 for all) but not the increase in alanine
transferase and angiopoietin-like 3. Changes between baseline and 30 days of
bed rest in triglycerides were positively associated with changes in aspartate
transferase (R2

= 0.28, P = 0.04) suggesting a role of hypertriglyceridaemia
in the alteration of liver metabolism under inactive conditions. Conclusion:
Physical inactivity increases, independent of fat mass, hepatic markers of
steatosis and steatohepatitis. Regular exercise can limit these physical inactiv-
ity-induced metabolic alterations. Future studies need to elucidate the under-
lying mechanisms.

Non-alcoholic fatty liver disease (NAFLD) is the
hepatic component of the metabolic syndrome and a
progressive and chronic liver disease that goes from
simple hepatic steatosis to non-alcoholic steatohepa-

titis (NASH). Although the pathophysiology of NA-
FLD requires further elucidation, according to the
‘two-hit’ hypothesis (1), the development of hepatic
steatosis associated with insulin resistance and alter-
ation of lipid oxidation (2) is followed by a phase
of inflammation and oxidative stress leading to acti-
vation of stellate cells, increased collagen deposition
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and fibrosis (3). Worldwide prevalence is estimated
between 2.8% and 46% in the adult population and
up to 90% in overweight and obese individuals (4,
5). Common explanation for the increased preva-
lence of NAFLD is the increased rate of obesity. The
risk of developing NAFLD, however, is not limited
to overweight individuals. A better understanding of
its determinants is needed.

Beside obesity, low levels of exercise are thought
to represent a major risk factor of developing meta-
bolic syndrome (6). Recent epidemiological data even
showed that time spent in sedentary activities has a
harmful effect independent of the time spent exercis-
ing on insulin sensitivity and a number of cardio-
metabolic biomarkers (7). The effects of physical
activity and sedentary behaviours may extend to NA-
FLD. Cross-sectional population studies observed a
negative association between time spent in leisure
activity and NAFLD prevalence (8) and in old adults
between intrahepatic fat and physical activity level (9,
10). A 3-month low-to-moderate intensity exercise
training has also been shown to improve, indepen-
dent of weight loss, liver enzymes and insulin sensi-
tivity in patients with NAFLD (11). Longitudinal
investigations to directly examine the impact of
physical inactivity on liver metabolism are, however,
missing.

By using plasma samples collected during a previ-
ous 60-day bed-rest study in healthy female adults
under stable energy balance conditions, we retrospec-
tively assessed whether enforced physical inactivity
affects markers of hepatic steatosis and NAFLD. Bed-
rest studies are validated models of simulated weight-
lessness during which countermeasures are tested to
prevent and/or decrease the adaptations to the physi-
cal deconditioning occurring during space flights. In
this study, we tested, concomitantly to bed rest, the
impact of a combined aerobic and resistive exercise
protocol as countermeasure. We specifically examined
changes in plasma concentrations of four hepatic
markers known to be associated with steatosis, steato-
hepatosis or NAFLD-related metabolic features, i.e.
the two liver enzymes alanine aminotransferase (ALT)
and aspartate aminotransferase (AST), fragments of
cytokeratin 18 (CK18), a marker of hepatic apoptosis
considered a good predictor of steatohepatitis (12,
13), and angiopoietin-like 3 (ANGPTL3), a liver
derived plasma protein that modulates plasma trigly-

cerides clearance (14) and is increased in more severe
stage of NASH (15).

Methods

Study design

Details of the study can be found elsewhere (16, 17).
Briefly, 16 healthy normal-weight women participated
in a 60-day bed-rest study. This study was divided
into three periods: a 20-day baseline period, a 60-day
bed rest, and a 20-day recovery period. Subjects were
randomized into two groups (n = 8, each): a control
group subjected to strict bed rest and an exercise
group that was subjected to supine resistive and aero-
bic exercise training protocol concomitantly to bed
rest. Nineteen resistive training sessions of 35-min
were performed every 3-day at maximal effort on a
flywheel ergometer. Aerobic training was performed
three to four times per week (29 sessions of
50 ! 2 min on average), with intensities varying
from 40 to 80% pre-bed rest maximal oxygen uptake.
Dietary intake was tightly controlled by dieticians
during the whole period of the study to maintain
subjects in energy balance. No alcohol consumption
was allowed. Every subject signed a written informed
consent form. The protocol was approved by the
Midi-Pyr!en!ees I Institutional Review Board.

Body composition

Body mass (BM), fat mass (FM) and fat free mass
(FFM) were measured before and after 30 (BR30) and
60 days of bed rest (BR60) by dual-energy X-ray
absorptiometry (DXA, Hologic, France).

Metabolic and hepatic markers measurements

At baseline and BR30, dietary fat metabolism was fully
investigated (17). Fasting plasma insulin was measured
by radioimmunoassay (DSL, Webster, TX, USA) and
glucose and triglycerides by enzymatic methods
(Biom!erieux, Lyon, France).

From stored fasting plasma samples, we measured
hepatic markers concentration at baseline, BR30 and
BR60. Plasma ALT and AST were measured by enzy-
matic test using phosphate pyridoxal, as routinely done
in hospital laboratories. Plasma ANGPTL3 and frag-
ments of CK18 were, respectively, assessed by using
Quantikine Human Angiopoietin-like 3 (R&D Systems
Inc., Minneapolis, MN, USA) and M30 Apoptosense
(Peviva, Stockholm, Sweden) Elisa kits. Plasma leftovers
were insufficient to measure fasting triglycerides and
insulin at BR60.

We considered two combined indexes of NAFLD, the
AAC index (an acronym for AST, ALT and CK18) cal-
culated as the sum of reduced values (according to base-

Key points box:

• Steatohepatitis
• Transaminases, cytokeratin 18 (CK18) and angio-
poietin-like 3 (ANGPTL3)
• Physical inactivity
• Exercise

Liver International (2014)

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd2

Effect of enforced physical inactivity 1Rudwill et al.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58



! $ff!

! !

line values) of AST, ALT and CK18 and the CHA index
[an acronym for CK18, Homoeostasis Model Assess-
ment – Insulin Resistance (HOMA-IR), AST Index] cal-
culated as the product of HOMA-IR, AST and CK18
(divided by 1000) (18). While we calculated the AAC
index at both BR30 and BR60, the CHA index was
obtained at BR30 only since fasting insulin was not mea-
sured at BR60.

Statistical analysis

Data are presented as mean ! SD. Analyses were per-
formed with SAS software (SAS v.9.3., Institute Inc.,
Cary, NC, USA). Significance was set up to 0.05.
Between-group comparisons at baseline were per-
formed by using Student’s t-tests. The evolution of
anthropometric and biological variables was analysed
by using mixed linear models taking into account the
repeated measures over time with individuals as ran-
dom effects and baseline values of the dependent var-
iable as fixed effect. Models considering biological
variables were adjusted for FM. Prespecified hypothe-
ses were that bed rest will induce a significant
increase in insulin, triglycerides and hepatic markers
concentrations and that the exercise countermeasure
will significantly reduce the effect of bed rest on the
metabolic and hepatic markers leading to non-signifi-
cant variations over time. One-tailed tests were used

for these analyses. The associations between changes
in hepatic markers concentrations and changes in
anthropometric (FM) and metabolic (insulin,
HOMA-IR, triglycerides) variables were tested by
using Pearson correlations.

Results

Body composition and metabolic variables

No between-groups differences were noted at baseline
(Table 1). After 60 days of bed rest, BM had decreased
in both groups by 6% on average (P < 0.001). In the
control group, BM reduction was mainly related to a
loss of FFM ("7%; P < 0.001). In the exercise group,
weight loss was because of reduction in both FFM
("3%; P = 0.001) and FM ("14%; P = 0.001). Com-
pared to the control group, exercise nevertheless limited
the loss of muscle (P < 0.001).

Bed rest significantly increased fasting insulin and
HOMA-IR at BR30 in the control group (+36% and
+49% respectively; P < 0.01 for both). These increases
were significantly lower in the exercise group compared
to the control group (+17% and +18%; P = 0.02 and
P < 0.01 respectively) and no more significant. Fasting
triglycerides, however, increased by 35% on average
from baseline to BR30 in both the control and exercise
groups (P = 0.03 for both).

Table 1. Anthropometry, metabolic characteristics and hepatic markers according to groups and time

Characteristics

Control (n = 8) Exercise (n = 8)

Baseline BR30 BR60 Baseline BR30 BR60

Body composition

Age (years) 34.0 ! 1.4

BMI (kg/m2) 21.0 ! 0.5 20.0 ! 0.5 19.7 ! 0.4 21.4 ! 0.6 20.6 ! 0.5 20.2 ! 0.5

BM (kg) 55.6 ! 3.9 52.9 ! 4.1c 52.3 ! 3.8c 58.1 ! 6.4 55.8 ! 6.0c,d 54.9 ! 6.1c

FM (kg) 14.7 ! 3.8 14.7 ! 3.8 14.3 ! 3.5 14.3 ! 3.1 13.1 ! 3.5c,f 12.4 ! 3.6c,f

FFM (kg) 40.9 ! 3.1 38.3 ! 3.2c 38.0 ! 3.0c 43.8 ! 5.7 42.7 ! 5.5c,f 42.5 ! 5.7c,f

Metabolic parameters

Insulin (mIU/l) 4.7 ! 1.4 6.2 ! 2.1b – 4.3 ! 1.3 4.7 ! 0.9d –

HOMA-IR 0.97 ! 0.30 1.41 ! 0.51b – 0.86 ! 0.26 0.97 ! 0.18e –

Triglycerides (g/L) 0.68 ! 0.21 0.94 ! 0.65a – 0.65 ! 0.12 0.88 ! 0.20a –

Hepatic biomarkers

AST (IU/L) 18.8 ! 4.7 24.0 ! 6.1b 24.3 ! 5.8b 15.9 ! 2.8 19.0 ! 4.0 17.8 ! 3.2d

ALT (IU/L) 13.5 ! 5.3 25.3 ! 11.5c 22.8 ! 9.4b 13.4 ! 4.6 18.6 ! 7.8d 18.3 ! 6.7

CK18 (U/L) 122.3 ! 44.5 161.6 ! 71.6 194.2 ! 95.4b 126.1 ! 35.7 117.1 ! 7.6d 139.5 ! 18.7d

ANGPTL3 (ng/ml) 70.2 ! 11.6 76.2 ! 10.1 85.8 ! 24.8a 68.6 ! 13.1 75.9 ! 18.4 75.2 ! 13.6

CHA 2.2 ! 1.3 5.3 ! 2.6b – 1.7 ! 0.7 2.1 ! 0.4d –

AAC 10.6 ! 2.5 15.4 ! 3.9c 15.7 ! 3.3c 10.0 ! 1.7 11.6 ! 2.4e 11.8 ! 2.1e

AAC (Alanine transaminase, Aspartate transaminase, Cytokeratin 18 index); ALT, alanine transaminase; ANGPTL3, angiopoietin-like protein 3; AST,

aspartate transaminase; BM, body mass; BMI, body mass index; BR30, after 30 days of bed rest; BR60, after 60 days of bed rest; CHA (Cytokeratin

18, Homoeostasis Model Assessment – Insulin Resistance, Aspartate transaminase index); CK18, cytokeratin 18; FFM, fat free mass; FM, fat mass;

HOMA-IR, homoeostasis model assessment – insulin resistance.

Data are presented as mean ! SD. Analyses were done using linear mixed models taking into account repeated measures, with adjustment for base-

line values and for FM for hepatic biomarkers.
a
P ≤ 0.05, bP ≤ 0.01 and c

P ≤ 0.001 vs baseline; dP ≤ 0.05, eP ≤ 0.01 and f
P ≤ 0.001 vs control group variations.
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Hepatic markers of NAFLD

At baseline, no significant difference in hepatic mark-
ers was noted between the two groups (Table 1). In
the control group, 30 days of bed rest induced a sig-
nificant increase in the transaminases (AST: +28%,
P < 0.01 and ALT: +87%, P < 0.001) that was main-
tained at BR60 (AST: +32% and ALT: +75%;
P < 0.01 for both). While no significant modifications
were noted at BR30, both CK18 (+76%; P < 0.01)
and ANGPTL3 (+29%; P = 0.02) were significantly
higher after 2 months of bed rest than at baseline. In
the exercise group the increases at BR60 in AST
(+13%) and CK18 (+22%), but not in ALT (+37%)
and ANGPTL3 (+10%), were significantly reduced
compared to the control group (P = 0.02 for both).
These increases did not reach significance for any of
the hepatic markers.

Hepatic index AAC increased by 51% (P < 0.001)
after 30 days of bed rest; this elevation was maintained
for the next 30 days (+52%, P < 0.001) (Fig. 13 ). Hepa-
tic index CHA was 162% higher at BR30 than at baseline
(P < 0.001). In the exercise group, no significant
changes were noted and the increase in both AAC
(+17% and +19% at BR30 and BR60 respectively) and
CHA (+48% at BR30) were significantly lower than
those measured in the control group (P < 0.01 for all)
and not significant.

Correlation analyses

Baseline-to-BR30 changes in AST were positively associ-
ated with concomitant changes in ALT both in the con-
trol (R2

= 0.81, P < 0.01) and exercise group
(R2

= 0.64, P = 0.02). In the control group only, base-
line-to-BR30 changes in fasting triglycerides were also
positively associated with concomitant changes in AAC
(R2

= 0.66, P = 0.02), CHA (R2
= 0.74, P < 0.01) and

AST (R2
= 0.44, P = 0.07). Changes in FM and insulin

did not significantly correlate with any of the hepatic
markers.

Discussion

Although it is admitted that physical inactivity plays a
key role in the development of metabolic diseases, its
impact on liver metabolism and in the development of
NAFLD are still poorly characterized. We retrospectively
used samples from a previous 60-day bed-rest study,
taking thus advantage of a unique opportunity to follow
the evolution of hepatic markers of several stages of NA-
FLD when transitioning from physically active status to
severe physical inactivity. We furthermore investigated
the protective effect of combined aerobic and resistive
exercise on hepatic markers changes. In this study, we
showed that, under controlled energy balance condi-
tions, enforced physical inactivity increases hepatic
markers that are associated with hepatic steatosis, ste-
atohepatitis and even more severe stages of NAFLD.
This supports the observation from cross-sectional stud-
ies of higher prevalence of NAFLD in sedentary normal-
weight men than in their physically active counterparts
(19). It is also consistent with rodents studies showing
that transition from an active to sedentary state induces
an increased risk of liver steatosis along with an accu-
mulation of lipogenesis intermediates (20), a reduction
in hepatic fat oxidation (20) and hypertriglyceridaemia,
features associated with NAFLD (21).

Of note, after 2 months of bed rest, transaminases
that were positively associated were still in a normal
range of concentrations. This, however, does not dimin-
ish the impact of physical inactivity on liver metabolism.
Similar elevated but normal concentrations are indeed
observed in a large number of patients with NAFLD
(22) and are associated with greater risks to develop
metabolic disorders and diabetes (23). Furthermore, if
elevated transaminases are widely used to detect the
presence of NAFLD (24), they represent a poor predic-
tor of NASH when used alone. That is why we com-
bined them with measures of more specific
steatohepatitis markers. Caspase-cleaved fragments of
CK18, the major intermediate filament protein in the
liver, are released in the blood stream following the

Fig. 1. Combined hepatic indices according to group and time. *Data are presented as mean ! SD. Analyses were done using mixed mod-
els taking into account repeated measures, with adjustment for baseline value and for FM. AAC (Alanine transaminase, Aspartate transami-
nase, Cytokeratin 18 index); BR30, after 30 days of bed rest; CHA (Cytokeratin 18, Homoeostasis Model Assessment – Insulin Resistance,
Aspartate transaminase index). ***P ≤ 0.001 vs baseline; TTP ≤ 0.01 vs concomitant control value. 4
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apoptotic cell death of injured hepatocytes. Because liver
apoptotic activity is associated with steatohepatitis, but
not with isolated hepatic steatosis, levels of CK18 frag-
ments can differentiate the two states of NAFLD (12).
CK18 is recognized as the most promising single non-
invasive biomarker of NASH by the guidelines for the
diagnosis and management of NAFLD (25). We showed
that enforced physical inactivity increases CK18, and
this elevation even reached the 200 cut-off values pro-
posed for the detection of NASH (26) in half of our
control subjects. This, in addition to the augmentation
of AAC index in the control subjects, suggests an onset
of the development of NASH under physical inactivity
conditions. However, the fact that the increase in ANG-
PTL3 was only moderate indicates that our volunteers
did probably not reach more severe stages of NAFLD.
The development of NAFLD could not be verified using
invasive liver biopsies or non-invasive imaging of liver
fat content, because the study was retrospective. Of note
it is important to indicate that ectopic fat storage in
those very same subjects were observed in both the bone
marrow (27) and the skeletal muscle (17). This likely
reflects a general response to bed rest and the present
results on liver biomarkers do support the development
of a fatty liver.

Because bed rest induced hypertriglyceridaemia
and ANGPTL3 is a hepatic actor of lipid metabo-
lism, an association between changes in plasma tri-
glycerides and ANGPTL3 was expected. The reduced
clearance of triglycerides may, however, be rather
because of defects in fat uptake at muscle level
rather than to an inhibition of hepatic lipoprotein
lipase (LPL) by ANGPTL3 leading to a reduced fat
uptake by liver. Previously reported results from this
same bed rest study showed that physical inactivity
decreases muscle gene expression of the fatty acid
transporters into muscle and mitochondria, i.e. FAT/
CD36 and CPT1, respectively, suggesting a reduced
uptake of fatty acid by the muscle. This alteration
was associated with a reduced muscle oxidative
capacity and whole-body fat oxidation. Altogether
these results support the hypothesis that hypertrigly-
ceridaemia is the result of an altered clearance at
muscle level. However, in the absence of direct mea-
surements of muscle and liver LPL activity, it is dif-
ficult to conclude on the exact cause of
hypertriglyceridaemia in our subjects. We, however,
reported a positive correlation between AST and tri-
glycerides, as it has been previously observed in
obese patients (28), suggesting a role of ectopic fat
storage in the alteration of liver metabolism under
inactive conditions. It is finally important to note
that not only the combined index including the
hepatic markers increased during the bed-rest period,
but also CHA that also considered insulin sensitivity
in its calculation. Furthermore, changes in both NA-
FLD indexes, CHA and AAC, were positively associ-
ated with increased plasma triglycerides. Altogether

these results suggest relationships between insulin
sensitivity, ectopic fat storage and liver metabolism
under inactive conditions. As we recently reviewed it
(29), enforced physical inactivity leads to the devel-
opment of insulin resistance, hypertriglyceridaemia
along with a reduced muscle fat uptake and oxida-
tion. To understand the underlying time course of
these different metabolic alterations induced by
physical inactivity and thus their cause-to-effect rela-
tionships will help gaining a better understanding on
the mechanisms underlying the onset of hepatic dis-
eases as well as on the role of sedentary behaviours
in the risk of developing NAFLD and metabolic syn-
drome 5.

We further showed that training programme com-
bining resistive and aerobic exercise prevents, at least in
part, the increase in hepatic markers induced by physical
inactivity. Previous studies showed that moderate-inten-
sity aerobic exercise improves ALT concentration in
patients with NAFLD (30) and decreases liver fat con-
tent (31) and inflammation (32). Both aerobic and resis-
tive exercises, performed independently, improve
intrahepatic fat (33, 34) and insulin sensitivity (33) even
in absence of weight loss in obese adolescents. Consis-
tent with our results, aerobic exercise training has also
been shown to decrease CK18 in obese patients (35) and
ANGPTL3 in patients with coronary artery disease (36).
In our study, the increase in the hepatic markers was,
however, limited but not fully prevented in the exercise
group. These results are consistent with previous obser-
vations we had made on these same participants. In an
in-depth investigation of the effect of physical inactivity
on the intermediary metabolism (17), we had demon-
strated that the combined aerobic/resistive exercise
training prevented the development of insulin resistance
induced by bed rest, but not the development of hyper-
triglyceridaemia, the reduced exogenous and total fatty
acid oxidation, the decrease in fatty acid uptake by the
muscle, the reduced oxidative capacity, and the accumu-
lation of fat in skeletal muscle. Population studies have
recently suggested that the deleterious effect of seden-
tary behaviours on metabolic health is independent of
the practice of moderate-intensity exercise. This exer-
cise-induced partial prevention of the negative effects
induced by bed rest may be explained by the absence of
light-intensity physical activity (e.g. walking, taking
stairs or any body movement of daily life) in our bed-
rested exerciser subjects. To better understand the inde-
pendent role of sedentary behaviours and physical exer-
cise countermeasure in the development of metabolic
and hepatic abnormalities, further studies will be
needed.

Some limitations have to be acknowledged. As previ-
ously evoked hepatic fat content measurements and
liver biopsy are missing. Hepatic markers, and in partic-
ular CK18 (13, 37, 38), however, are considered good
markers to evaluate the degree of hepatic impairments
(39), especially when not limited to transaminases but
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used as combined indexes like we did. The low number
of subjects participating to this study can be seen as a
limiting factor. However, this is a typical sample size for
bed rests (17, 27, 40) and the design of any bed rest
study undergoes thorough a priori power calculation for
sample sizes on the principal outcomes. Finally, these
results have been obtained in healthy lean female adult
and will need to be extended to other populations
(male, children, adolescents, elderly, overweight, etc.).

Hepatic markers of steatosis and steatohepatitis are
impacted by severe physical inactivity, induced by
60 days of bed rest in healthy normal-weight women.
Despite the absence of hepatic diseases, transaminases
and markers of more severe stages like CK18 and
ANGPTL3 increased independent of FM variation.
Two NAFLD combined indexes (AAC and CHA),
with one including insulin resistance index also wors-
ened during this study. Our results are in accordance
with the suggested role of physical inactivity in the
development of metabolic diseases and more particu-
larly NAFLD. In the second part of our study, we
proposed a potential partial protective effect of aero-
bic and resistive exercise, by maintaining or limiting
the increase in hepatic markers under severe physical
inactivity. Complementary studies on healthy persons
are still required to focus on an effective prevention
against the development of NAFLD. Interesting stud-
ies suggest a combination of nutritional and physical
countermeasures.

Acknowledgements

The authors are indebted to the participants and the
administrative and medical staff of the Institute of Space
Medicine for their outstanding organization of the bed
rest supported by CNES, ESA, NASA and CSA. We par-
ticularly thank the participants of this study.

Financial support: The global cost of the 60-day bed
rest study was supported by the European, French,
American and Canadian Space Agencies. This study was
funded by grants from the Centre National d’Etudes
Spatiales, the Centre National de la Recherche Franc!aise
and the University of Strasbourg. AB and FR were both
supported by Graduate scholarships from the Centre
National des Etudes Spatiales.

Conflict of interest: The authors have nothing to dis-
close.

References

1. Day CP, James OF. Steatohepatitis: a tale of two “hits”?
Gastroenterology 1998; 114: 842–5.

2. Krawczyk M, Bonfrate L, Portincasa P. Nonalcoholic fatty
liver disease. Best Pract Res Clin Gastroenterol 2010; 24:
695–708.

3. Farrell GC, Larter CZ. Nonalcoholic fatty liver disease:
from steatosis to cirrhosis. Hepatology 2006; 43(2 Suppl.
1): 99–112.

4. Pan JJ, Fallon MB. Gender and racial differences in nonal-
coholic fatty liver disease. World J Hepatol 2014; 6: 274–
83.

5. Williams CD, Stengel J, Asike MI, et al. Prevalence of non-
alcoholic fatty liver disease and nonalcoholic steatohepati-
tis among a largely middle-aged population utilizing
ultrasound and liver biopsy: a prospective study. Gastroen-
terology 2011; 140: 124–31.

6. Laaksonen DE, Lakka HM, Salonen JT, et al. Low levels of
leisure-time physical activity and cardiorespiratory fitness
predict development of the metabolic syndrome. Diabetes
Care 2002; 25: 1612–8.

7. Healy GN, Dunstan DW, Salmon J, et al. Breaks in seden-
tary time: beneficial associations with metabolic risk. Dia-
betes Care 2008; 31: 661–6.

8. Zelber-Sagi S, Nitzan-Kaluski D, Goldsmith R, et al. Role
of leisure-time physical activity in nonalcoholic fatty liver
disease: a population-based study. Hepatology 2008; 48:
1791–8.

9. Perseghin G, Lattuada G, De Cobelli F, et al. Habitual
physical activity is associated with intrahepatic fat content
in humans. Diabetes Care 2007; 30: 683–8.

10. Hsieh SD, Yoshinaga H, Muto T, Sakurai Y. Regular phys-
ical activity and coronary risk factors in Japanese men.
Circulation 1998; 97: 661–5.

11. George AS, Bauman A, Johnston A, Farrell G. Independent
effects of physical activity in patients with nonalcoholic
fatty liver disease. Hepatology 2009; 50: 68–76.

12. Anty R, Iannelli A, Patouraux S, et al. A new composite
model including metabolic syndrome, alanine aminotrans-
ferase and cytokeratin-18 for the diagnosis of non-alco-
holic steatohepatitis in morbidly obese patients. Aliment
Pharmacol Ther 2010; 32: 1315–22.

13. Yilmaz Y, Kedrah AE, Ozdogan O. Cytokeratin-18 frag-
ments and biomarkers of the metabolic syndrome in non-
alcoholic steatohepatitis. World J Gastroenterol 2009; 15:
4387–91.

14. Li C. A tale of two angiopoietin-like proteins. Curr Opin
Lipidol 2007; 18: 597–9.

15. Yilmaz Y, Ulukaya E, Atug O, Dolar E. Serum concentra-
tions of human angiopoietin-like protein 3 in patients with
nonalcoholic fatty liver disease: association with insulin
resistance. Eur J Gastroenterol Hepatol 2009; 21: 1247–51.

16. Bergouignan A, Momken I, Schoeller DA, et al. Regulation
of energy balance during long-term physical inactivity
induced by bed rest with and without exercise training. J
Clin Endocrinol Metab 2010; 95: 1045–53.

17. Bergouignan A, Trudel G, Simon C, et al. Physical inactiv-
ity differentially alters dietary oleate and palmitate traffick-
ing. Diabetes 2009; 58: 367–76.

18. Polyzos SA, Kountouras J, Papatheodorou A, et al. Adipo-
cytokines and cytokeratin-18 in patients with nonalcoholic
fatty liver disease: introduction of CHA index. Ann Hepa-
tol 2013; 12: 749–57.

19. Rector RS, Thyfault JP. Does physical inactivity cause non-
alcoholic fatty liver disease? J Appl Physiol 2011; 111:
1828–35.

20. Rector RS, Thyfault JP, Laye MJ. Cessation of daily exer-
cise dramatically alters precursors of hepatic steatosis in
Otsuka Long-Evans Tokushima Fatty (OLETF) rats. J
Physiol 2008; 586: 4241–9.

21. Zderic TW, Hamilton MT. Physical inactivity amplifies
the sensitivity of skeletal muscle to the lipid-induced

Liver International (2014)

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd6

Effect of enforced physical inactivity 1Rudwill et al.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58



! $f%!!

downregulation of lipoprotein lipase activity. J Appl Phys-
iol 2006; 100: 249–57.

22. Burgert TS, Taksali SE, Dziura J, et al. Alanine amino-
transferase levels and fatty liver in childhood obesity: asso-
ciations with insulin resistance, adiponectin, and visceral
fat. J Clin Endocrinol Metab 2006; 91: 4287–94.

23. Preiss D, Sattar N. Non-alcoholic fatty liver disease: an
overview of prevalence, diagnosis, pathogenesis and treat-
ment considerations. Clin Sci 2008; 115: 141–50.

24. Harrison SA, Oliver D, Arnold HL, Gogia S, Neuschwan-
der-Tetri BA. Development and validation of a simple NA-
FLD clinical scoring system for identifying patients
without advanced disease. Gut 2008; 57: 1441–7.

25. Chalasani N, Younossi Z, Lavine JE, et al. The diagnosis
and management of non-alcoholic fatty liver disease: Prac-
tice Guideline by the American Association for the Study
of Liver Diseases, American College of Gastroenterology,
and the American Gastroenterological Association. Hepa-
tology 2012; 55: 2005–23.

26. Feldstein AE, Wieckowska A, Lopez AR, et al. Cytokera-
tin-18 fragment levels as noninvasive biomarkers for non-
alcoholic steatohepatitis: a multicenter validation study.
Hepatology 2009; 50: 1072–8.

27. Trudel G, Payne M, Madler B, et al. Bone marrow fat
accumulation after 60 days of bed rest persisted 1 year
after activities were resumed along with hemopoietic stim-
ulation: the Women International Space Simulation for
Exploration study. J Appl Physiol 2009; 107: 540–8.

28. Clark JM, Brancati FL, Diehl AM. The prevalence and eti-
ology of elevated aminotransferase levels in the United
States. Am J Gastroenterol 2003; 98: 960–7.

29. Bergouignan A, Rudwill F, Simon C, Blanc S. Physical
inactivity as the culprit of metabolic inflexibility: evidence
from bed-rest studies. J Appl Physiol 2011; 111: 1201–10.

30. Hickman IJ, Jonsson JR, Prins JB, et al.Modest weight loss
and physical activity in overweight patients with chronic
liver disease results in sustained improvements in alanine
aminotransferase, fasting insulin, and quality of life. Gut
2004; 53: 413–9.

31. Johnson NA, Sachinwalla T, Walton DW, et al. Aerobic
exercise training reduces hepatic and visceral lipids in
obese individuals without weight loss. Hepatology 2009;
50: 1105–12.

32. Keating SE, Hackett DA, George J, Johnson NA. Exercise
and non-alcoholic fatty liver disease: a systematic review
and meta-analysis. J Hepatol 2012; 57: 157–66.

33. Hallsworth K, Fattakhova G, Hollingsworth KG, et al.
Resistance exercise reduces liver fat and its mediators in
non-alcoholic fatty liver disease independent of weight
loss. Gut 2011; 60: 1278–83.

34. van der Heijden GJ, Wang ZJ, Chu ZD, et al. A 12-week
aerobic exercise program reduces hepatic fat accumulation
and insulin resistance in obese Hispanic adolescents. Obes-
ity 2010; 18: 384–90.

35. Fealy CE, Haus JM, Solomon TP, et al. Short-term
exercise reduces markers of hepatocyte apoptosis in
nonalcoholic fatty liver disease. J Appl Physiol 2012; 113:
1–6.

36. Beck EB, Erbs S, Mobius-Winkler S, et al. Exercise training
restores the endothelial response to vascular growth fac-
tors in patients with stable coronary artery disease. Eur J
Prev Cardiol 2012; 19: 412–8.

37. Beaton MD. Current treatment options for nonalcoholic
fatty liver disease and nonalcoholic steatohepatitis. Can J
Gastroenterol 2012; 26: 353.

38. Wieckowska A, Zein NN, Yerian LM, et al. In vivo assess-
ment of liver cell apoptosis as a novel biomarker of disease
severity in nonalcoholic fatty liver disease. Hepatology
2006; 44: 27–33.

39. Ratziu V, Massard J, Charlotte F, et al. Diagnostic value of
biochemical markers (FibroTest-FibroSURE) for the pre-
diction of liver fibrosis in patients with non-alcoholic fatty
liver disease. BMC Gastroenterol 2006; 6: 6.

40. Biolo G, Agostini F, Simunic B, et al. Positive energy
balance is associated with accelerated muscle atro-
phy and increased erythrocyte glutathione turnover
during 5 wk of bed rest. Am J Clin Nutr 2008; 88:
950–8.

Liver International (2014)

© 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 7

Rudwill et al. Effect of enforced physical inactivity 1

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58



$f&!

N%+'& !H 5 !G),$4;+&,(&$ !' ?+,& ! $ #*+0-% #), !

' ? #*.&$-,%&+3 !'& != : ! M )+3$ ! (B&C ! 0 ?B)**&S ! $+3 !

0 & !*4%-/) 0 # $*& !'&$ ! 0 #. #'&$ ! & % ! & > > & % $ !' ?+,& !

$+..04*&,%-% #), !&, !.3)%4 #,&$ ! % &$ %4& ! ()**&!

(),%3&*&$+3& 1 !

@+**-3I !
U91! H*4! L21B1)15H! IH()+1I! L21I15H1)! H91! +DL6BH! 4O! I1=121! L9:I+B6,! +56BH+=+H:! 45!
+5O,6DD6H+45!D62E12I!IL1B+O+B!O24D!=+IB126,!6)+L4I1!H+II(1!65)!,+=12/!65)!H91!1OO1BH!4O!

L9:I+B6,! B4(5H12D16I(21.! C+D(,6H1)! D+B24326=+H:! +I! 6,I4! +5)(B+53! 4H912! D1H6N4,+B!
)+I42)12I.!K(2+53!H9+I!IH():/!*1!H1IH1)!*91H912!N1)!21IH!B65!6OO1BH!I1=126,!D1H6N4,+B!
=62+6N,1I! +DL,+B6H1)! +5! +5I(,+5! I15I+H+=+H:/! ,+L+)! 4W+)6H+45! 65)! H26OO+BE+53/!

+5O,6DD6H+45! 65)! 4W+)6H+=1! IH21II.! C1B45),:/! *1! H1IH1)! *91H912! *91:! L24H1+5!
I(LL,1D15H6H+45!B4DN+51)!*+H9!N+B62N456H1!I6,HI!B4(,)!L21=15H!+H.!

-+2IH!4O!6,,/!+5!B45H24,!B45)+H+45/!0G!96)!6!H15)15B:!H4!)1B216I1!65)!54!B96531I!*121!
54H1)!+5!--G.!F4*1=12/!,13I!J0G/!*9+B9!+I!6!N1HH12!+5)+B6H42!4O!D(IB,1!6H24L9:!H965!

--G/!*6I!I1=121,:!)1B216I1)!+5!N4H9!B45)+H+45I.!SH912*+I1/!54!I+35+O+B65H!B96531I!+5!
-G! B4(,)! N1! )1H1BH1)! +5! N4H9! 324(LI! 1=15! +O! I1=126,! B96531I! +5! O6H! IH42631! *6I!
)1H1BH1)!)(2+53!N1)!21IH.!;5!O6BH/!+5!B45H24,!B45)+H+45/!,+=12!O6H!B45H15H!)1B216I1)!6OH12!

N1)!21IH!B4DL621)!H4!65!6NI15B1!4O!B96531I!+5!C7U.!;5!L24H1+5!B45)+H+45/!H91!4LL4I+H1!
*6I!4NI12=1).!-(2H912D421/!N1)!21IH!6OO1BH1)!D(IB,1!+5!B45H24,!65)!L24H1+5!B45)+H+45!

N:!+5B216I+53!B6,O/!N(H!54H!H9+39!O6H!B45H15H.!!
7H! O6IH+53! H+D1/! N1)! 21IH! )+)! 54H! L62H+B(,62,:! 6OO1BH! N6I1,+51! D1H6N4,+H1I!
B45B15H26H+45I! +5=4,=1)! +5! +5I(,+5! I15I+H+=+H:/! ,+E1! +5I(,+5/! 3,(B4I1! 65)!FSG7@;'! 42!

,+L+)! D1H6N4,+IDw! ,+E1! U>I/! RP-7! 42! FKJ_JKJ.! ]5(I(6,! 21I(,HI! *121! O4(5)! +5! H91!
)1=1,4LD15H! 4O!D1H6N4,+B! 6,H126H+45I! (5)12! I+D(,6H1)!D+B24326=+H:.! -+2IH! 4O! 6,,/! 54!

I+35! 4O! +5O,6DD6H+45! 42! +5B216I1! +5! 4W+)6H+=1! IH21II! 96=1! N115! )1IB2+N1).! ;5I(,+5!
I15I+H+=+H:!*6I! 1=6,(6H1)! (I+53! 65! S>UU.! R4! B96531I!*121! 4NI12=1)! +5! 1W43154(I!
3,(B4I1! 4W+)6H+45/! 51+H912! +5! +5I(,+5! L,6ID6! B45B15H26H+45.! F4*1=12/! 3,(B4I1!

B45B15H26H+45!+5B216I1)!H91!,6IH!94(2!4O!H91!H1IH/!N(H!45,:!+5!L24H1+5!B45)+H+45.!-+56,,:!



! $fT!

,+=12! 65)! D(IB,1! +5I(,+5! I15I+H+=+H:! 45,:! H15)1)! H4! )1B216I1! 6OH12! N1)! 21IH.! J+L+)!

D1H6N4,+ID!*6I! 1=6,(6H1)! )(2+53! 6! H1IH! )6:/! 6OH12! 6! IH65)62)+[1)!D16,.! R(D124(I!
D1H6N4,+B!=62+6N,1I!*121!D16I(21).!-+2IH,:/!'G'!*6I!)1B216I1)!6OH12!$b!)6:I!4O!N1)!

21IH!+5!B45H24,!B45)+H+45/!N(H!O6IH+53!RM'v!65)!K;U!*121!54H!6OO1BH1)!N:!N1)!21IH!6H!
6,,.!-6IH+53!D6B245(H2+15HI!4W+)6H+45!)+)!54H!B96531!6OH12!N1)!21IH!1+H912.!M2+D62+,:/!
45! O1)! IH6H1/! H4H6,! ,+L+)! 4W+)6H+45! 21D6+51)! IH6N,1! 21362),1II! H4! H91! B45)+H+45/!
94*1=12! +H! IH+,,! +5B216I1)! )(2+53! H91! O+2IH! #! 94(2I! 4O! H91! H1IH/! N(H! IH6N+,+[1)!
6OH12*62)I.!C1B45),:/!H4H6,!B62N49:)26H1I!4W+)6H+45!I94*1)!65!+DL42H65H!)1B216I1!+5!

N4H9! B45)+H+45I/! 45,:! )(1! H4! 6! I+35+O+B65H! )1B216I1! )(2+53! H91! O+2IH! 94(2I! 6OH12! H91!
D16,.!U4H6,!L24H1+5!4W+)6H+45!+DL24=1)/!N(H!45,:!+5!L24H1+5!B45)+H+45!)(1!H4!65!1OO1BH!

4O!L24H1+5!I(LL,1D15H6H+45!45!N1)!21IH.!U91!I6D1!4NI12=6H+45!*6I!D6)1!)(2+53!H91!
O+2IH! 65)! H91! ,6IH! 94(2I! 4O! H91! H1IH.!F:L12H2+3,:B12+)1D+6/! (I(6,,:! O4(5)! +5! L21=+4(I!
N1)!21IH!IH()+1I/!*6I!54H!)1IB2+N1)!+5!4(2I.!U4!L21B+I1!H91I1!21I(,HI/!*1!H915!O4,,4*1)!

)+1H62:!,+L+)I!4W+)6H+45!D16I(21)!+5!)#$!L6,D+H6H1!4W+)6H+45.!;H!*6I!54H!+DL6BH1)!N:!
$b! )6:I! 4O! N1)! 21IH/! 94*1=12/! H91! %! 94(2I! B(D(,6H+=1! 21B4=12:! 4O! )#$! L6,D+H6H1!

I94*1)!6!I+35+O+B65H!+5B216I1!6OH12!N1)!21IH!+5!N4H9!B45)+H+45I/!N(H!21D6+51)!IH6N,1!Y!
65)! "#! 94(2I! 6OH12! H91! )4I1/! *96H1=12! H91! B45)+H+45.! U4H6,! $@$#8! 6B1H6H1! 4W+)6H+45!
I94*1)! 65! +5B216I1! +5! B45H24,! 65)! L24H1+5! B45)+H+45.!G4214=12/! H91! I,4L1! 4O! $@$#8!
6B1H6H1! 4W+)6H+45/! 21L21I15H+53! H2+B62N4W:,+B! 6B+)! B:B,1! hU87i! 6BH+=+H:/! *6I! 45,:!
+5B216I1)! +5!L24H1+5!B45)+H+45.!U4!B4DL,1H1! H91I1!)6H6!45! ,+L+)!D1H6N4,+ID/!)+1H62:!

,+L+)!H26OO+BE+53!*6I!O4,,4*1)!65)!1=6,(6H1)!N:!D16I(2+53!)#$!L6,D+H6H1!152+B9D15H!
+5! )+OO1215H! ,+L+)! O26BH+45IZ! 8G/! XJKJ! 65)! RP-7.! U91! 656,:[1! I94*1)! 54! IL1B+O+B!
+DL6BH! 4O! N1)! 21IH! +5! 8G! +I4H4L+B! 152+B9D15H! 42! H4H6,! (5,6N1,1)! L6,D+H6H1!
B45B15H26H+45! ,16)+53! H4! 6! IH6N,1! 152+B9D15H! 4O! )#$! L6,D+H6H1.!R1=12H91,1II/! )(2+53!
H91!O+2IH!94(2I!4O!H91!H1IH/!(5,6N1,1)!L6,D+H6H1!B45B15H26H+45!IH+,,!+5B216I1)!6OH12!N1)!

21IH!+5!B45H24,!B45)+H+45/!N(H!*6I!L21=15H1)!N:!L24H1+5!I(LL,1D15H6H+45.!M,6ID6!U>!
+5B,()1)! +5! 8G! *6I! 6,I4! IH6N,1.! XJKJ! 42! RP-7! )+1H62:! ,+L+)! 152+B9D15H! *6I! 54H!
B96531)! 6OH12! N1)! 21IH! *96H1=12! H91! B45)+H+45.! CH+,,/! RP-7! 152+B9D15H! +5! )#$!
L6,D+H6H1!*6I!+5B216I1)!)(2+53!H91!O+2IH!94(2I!4O!H91!H1IH!(5)12!N4H9!B45)+H+45I!65)!
H9(I! H91! =62+6H+45! *6I! 54H! L21=15H1)! N:! L24H1+5! I(LL,1D15H6H+45.! 04H9! L,6ID6!
B45B15H26H+45! 4O! RP-7! 65)! XJKJ�U>! *121! IH6N,1.! -+56,,:/! *1! O4,,4*1)! D1H6N4,+B!
=62+6N,1I! +DL,+B6H1)! +5! +5I(,+5! I15I+H+=+H:! 6OH12! 6! IH65)62)+[1)! D16,.! >,(B4I1!

B45B15H26H+45! *6I! +DL6BH1)! N:! L24H1+5! I(LL,1D15H6H+45! ,16)+53! H4! 65! +5B216I1! +5!
L24H1+5! B45)+H+45/! +5! H4H6,/! )(2+53! H91! O+2IH! 65)! ,6IH! 94(2I! 4O! H1IH.! U4H6,! +5I(,+5!
B45B15H26H+45!)+)!54H!I94*!65:!I+35!4O!B96531I!51=12H91,1II!65!+DL42H65H!+5B216I1!+5!

+5I(,+5! B45B15H26H+45! *6I! )1IB2+N1)! )(2+53! H91! ,6IH! 94(2I! 4O! H91! H1IH.! C+D+,62,:/!
FSG7@;'!6,I4!+5B216I1)!)(2+53!H91!,6IH!94(2I!45,:.!!

-+56,,:/!6!D421!IL1B+O+B!IH():!4O!D1H6N4,+B!L6H9*6:! +5=4,=1)! +5! ,+L+)! H26OO+BE+53!65)!
+5I(,+5! 21I+IH65B1!*6I! 6,I4! 6II1II1)! (I+53!D4,1B(,62! N+4,43:! L12O42D1)! 45!D(IB,1!
N+4LI+1I! 4O! G"=#.=) &"#$%"&8=! 65)! ='&$.=.! ;5! D+B24O,(+)+B! 'U@M8'! 656,:[1I! 45! ='&$.=!

D(IB,1/! H91! 21I(,HI! I94*1)!=12:! O1*!3151I! +DL6BH1)!N:!N1)! 21IH.!'1362),1II! H4! H91!
B45)+H+45/! H*4! 15[:D1I! +5=4,=1)! +5! ,+L+)! H265IL42H/! 787KG! 65)! 78S\"/! *121!
)1B216I1)!6OH12!N1)!21IH.!C4!*121!8S\%,!65)!M>8$a/!N4H9!+5=4,=1)!+5!D+H4B945)2+6,!



$fY!

L6H9*6:/!65)!7877"/! H91! ,6IH!15[:D1!4O!N1H6@4W+)6H+45!L6H9*6:.!'1362)+53! +5I(,+5!
21I+IH65B1/! 45,:! ;'C$! *6I! )1B216I1)/! N(H! +5! B45H24,! B45)+H+45! 45,:.! j1IH125! N,4H!
656,:[1I! I94*1)! 54! +DL6BH! 4O! N1)! 21IH! +5! G"=#.=) &"#$%"&8=! +5! B45H24,! B45)+H+45.! ;5!

L24H1+5! B45)+H+45/! 45,:! 8MU$! 65)! SWL94I@#! L24H1+5! 1WL21II+45! +5B216I1)! 6OH12! N1)!
21IH.!7H!H91!4LL4I+H1/!+5!='&$.=/!54!1OO1BH!4O!N1)!21IH!*6I!O4(5)!+5!L24H1+5!B45)+H+45.!;5!
B45H24,!B45)+H+45/!45,:!MA0!1WL21II+45!+5B216I1)!6OH12!$b!)6:I!4O!N1)!21IH.!!
U4! B45B,()1/! 0G! 65)! ,13I! J0G! *121! )1B216I1)! 6OH12! N1)! 21IH.! 7! IH6N,1! -G! *6I!
)1IB2+N1)/!94*1=12!,+=12!O6H!B45H15H!*6I!)1B216I1)!6H!H91!4LL4I+H1!4O!B6,O!O6H!B45H15H.!

]5(I(6,!21I(,HI!*121! O4(5)! +5!D1H6N4,+B!6,H126H+45I!(I(6,,:! O4(5)!6OH12!N1)!21IH.! ;5!
O6BH/!54!I+35!4O! +5O,6DD6H+45!*6I!O4(5)!+5!4(2!IH():.!-(2H912D421/!N1)!21IH!)+)!54H!

L62H+B(,62,:! 6OO1BH! *94,1! N4):! +5I(,+5! I15I+H+=+H:/! 45,:! *+H9! 6! I,+39H! +5B216I1! +5!
3,(B4I1! B45B15H26H+45! +5! H91! L24H1+5! 324(L! 6OH12! S>UU.! J+=12! 65)! D(IB,1! +5I(,+5!
I15I+H+=+H:!*121!6,I4!(5B96531).!K(2+53!H1IH!)6:/!*1!)1IB2+N1)!65!+5B216I1!+5!3,(B4I1!

B45B15H26H+45/! N(H! 45,:! +5! H91! L24H1+5! B45)+H+45! )(1! H4! 6! )1B216I1! +5! 3,(B4I1!
4W+)6H+45.!;5I(,+5!65)!FSG7@;'!6,I4!+5B216I1)!H91!,6IH!94(2I!4O!H91!H1IH.!U91!IH():!4O!

,+L+)!D1H6N4,+ID!)(2+53! H1IH! )6:! I94*1)! +5H121IH+53! 21I(,HI.! ;5! O6BH/! ,+L+)! 4W+)6H+45!
+5B216I1)/! )(1! H4! 6(3D15H6H+45! +5! )+1H62:! ,+L+)! 4W+)6H+45.! F4*1=12/! 54! B96531I! +5!
,+L+)!H26OO+BE+53!*121!4NI12=1).!-+56,,:/! +5!6,,!H91I1!21I(,HI/!L24H1+5!I(LL,1D15H6H+45!
45,:!+5B216I1)!L24H1+5!4W+)6H+45!65)!3,(B4I1!B45B15H26H+45.!!
!

!
06I1,+51!)6H6!4O!H91!"$@)6:I!N1)!21IH!IH():!621!L21I15H1)!+5!6551W!"!6H!H91!15)!4O!H91!
D65(IB2+LH.! U91! L6L12! +I! H+H,1)Z! �7! B4DN+56H+45! 4O! *91:! L24H1+5! 65)! L4H6II+(D!
N+B62N456H1! I(LL,1D15HI! )(2+53! 916)@)4*5@H+,H! N1)! 21IHZ! M21I15H6H+45!4O! 6!
D(,H+)+IB+L,+562:! 265)4D+[1)! B45H24,,1)! H2+6,! hGPM! IH():i�! 65)! *6I! L(N,+I91)! +5!

7BH6!7IH2456(H+B6!+5!"f$#.!

!

! !



! $f^!

7I!+5)+B6H1)!+5!H91!D1H94)4,43:!B96LH12/!16B9!I(NV1BH!*6I!H1IH1)!O42!N1)!21IH!1OO1BH!

(5)12! H*4! B45)+H+45IZ! �B45H24,�! h5�$fi/! *+H94(H! 5(H2+H+456,! B4(5H12D16I(21/! 65)!
�L24H1+5�!h5�bi/!*+H9!6!I(LL,1D15H6H+45!4O!L24H1+5I!)(2+53!N1)!21IH!L12+4).!U91!42)12!

4O!N1)!21IH!I1II+45I!*6I!265)4D.!7I!54!N6I1,+51!)+OO1215B1I!N1H*115!324(LI!65)!54!
B622:@4=12! 1OO1BH! h+.1.! 1OO1BH! O24D! H91! H216HD15H! 4O! H91! O+2IH! I1II+45! 45! H91! N6I1,+51!
=6,(1I! 4O! H91! I1B45)! I1II+45i! *121! 4NI12=1)w! )6H6! *121! L44,1)! 6BB42)+53! H4! H91!
5(H2+H+456,!B45)+H+45!h�B45H24,�!42!�L24H1+5�i.!!
06I1,+51!=6,(1I!621!21O1221)!9121!6I!0K8!hO42!N6I1,+51!)6H6!B4,,1BH+45i!*96H1=12!H91!

)6:! 4O! D16I(21! )(2+53! H91! 0K8! L12+4).! ;5! H91! I6D1! *6:/! 6I! IL1B+O+1)! +5! H91!
D1H94)4,43:! B96LH12/! H91! +DL6BH! 4O! N1)! 21IH! 65)! 4O! H91! L24H1+5! B4(5H12D16I(21!

h21O1221)!9121!6I!FKU!O42!916)!)4*5!H+,H!N1)!21IHi!*121!H1IH1)!6H!)+OO1215H!H+D1I!4O!
FKU.! SO! 54H1/! (5O42H(56H1,:/! H91! 1OO1BH! 4O! N1)! 21IH! 45! N4):! B4DL4I+H+45! *6I! 45,:!
6II1II1)!)(2+53!H91!21B4=12:!L12+4)!h21O1221)!9121!6I!'i/!*9+B9! +I!B9626BH12+[1)!N:!

65!+DL42H65H!O,(+)!21)+IH2+N(H+45!,16)+53!H4!65!(5)121IH+D6H+45!4O!O6H@O211!D6II!,4II.!
7I! )1H6+,1)! +5! H91! D1H94)4,43:! B96LH12/! N6I1)! 45! 315126,! D+W1)!D4)1,I/! O42! 16B9!

=62+6N,1!*1!O+2IH!H1IH1)!H91!+DL6BH!4O!H91!N1)!21IH!hFKU!=I!0K8!+5!B45H24,!B45)+H+45i.!
;O! H91! N1)! 21IH! 1OO1BH! *6I! I+35+O+B65H! *1! O(2H912! H1IH1)! *91H912! $i! L24H1+5!
I(LL,1D15H6H+45! 6H! ,16IH! L62H,:! L21=15H1)! H91! =62+6H+45I! 4NI12=1)! hB4DL62+I45! 4O!
FKU@0K8!=62+6H+45I!6BB42)+53!H91!B45)+H+45i/!"i!H9121!*6I!IH+,,!6!I+35+O+B65H!+DL6BH!4O!
N1)!21IH!+5!I(NV1BHI!I(LL,1D15H1)!*+H9!L24H1+5!0K8!=I!FKU!+5!L24H1+5!B45)+H+45i.!

(4 H"8A+#(**+(%8+'"#1"*&)&"%+'9(%;0*+
K6+,:! 0G! D16I(21I! )(2+53! H91! *94,1! IH():! 621! L21I15H1)! +5! -+3(21! #$! +5! 16B9!

5(H2+H+456,!B45)+H+45!h�B45H24,�!65)!�L24H1+5�i.!!
G16I(21I!4O!0G!I94*1)!6! I+35+O+B65H!)1B216I1!4O!".b|!6OH12!"$!)6:I!4O!N1)! 21IH! +5!

B45H24,!B45)+H+45!hY%.b!�!$.^E3!6H!FKU"$!=I!YY.$!�!$.bE3!6H!0K8@$w!L�f.ff$i.!M24H1+5!
I(LL,1D15H6H+45! )+)! 54H! L21=15H! H9+I! )1B216I1! )(2+53! FKU! h+5H126BH+45!
H+D1~B45)+H+45Z!L�f.Y^w!Y%.T!�!$.&E3!6H!FKU"$!+5!L24H1+5!B45)+H+45i!*+H9!6!)1B216I1!
4O!#.$|!B4DL621)!H4!0K8@$!hYY.f!�!$.&E3!6H!FKU"$w!L�f.ff$i.!!
7I!N4):!B4DL4I+H+45!*121!D16I(21)!45,:!6H!0K8@T!65)!'�"/!*1!6,I4!H1IH1)!N1)!21IH!

1OO1BH!45!0G!6H!H91I1!H+D1I!H4!N1!B45I+IH15H!*+H9!-G!65)!--G!656,:[1I.!0G!65)!N4):!
B4DL4I+H+45!)6H6!621!I(DD62+[1)!+5!U6N,1!$.!

01H*115! 0K8@T! 65)! '�"/! 0G! *6I! IH+,,/! N(H! ,1II/! )1B216I1)! N:! $.$|! +5! B45H24,!
B45)+H+45/! *9121! N1)! 21IH! 1OO1BH! 5162,:! 216B91)! I+35+O+B65B1! hL�f.$$! =I! 0K8@Ti.!
M24H1+5!I(LL,1D15H6H+45!)+)!54H!L21=15H!)1B216I1!4O!0G!h+5H126BH+45!H+D1~B45)+H+45Z!

L�f.Y^i/!*9+B9!*6I! 4O! H91! 42)12! 6I! +5! H91! B45H24,! B45)+H+45! h'�"! =I! 0K8@T/! @$."|w!
L�f.f"i.! U91! )1B216I1! +5! -G!*6I! 54H! I+35+O+B65H! 65)! )+)! 54H! 1WL,6+5! 0G! =62+6H+45!
N1B6(I1!4O!65!6NI15B1!4O!N1)!21IH!1OO1BH!+5!-G!6H!'�"!h@#.f|/!L�f.&f!=I!0K8@T!+5!N4H9!
B45)+H+45Ii.!0:!B45H26IH!*1!4NI12=1)!65!6LL24W+D6H1,:!$.f|!)1B216I1!+5!--G!+5!N4H9!
B45)+H+45I! h+5H126BH+45! H+D1~B45)+H+45Z! L�f.TTi! 6,H94(39! H91! )1B216I1! 216B91)!

I+35+O+B65B1!+5!H91!L24H1+5!B45)+H+45!45,:Z!)+OO1215B1!4O!f.b|!+5!H91!L24H1+5!B45)+H+45!
hL�f.f%i!65)!4O!$.f|!+5!H91!B45H24,!B45)+H+45!hL�f."%i.!R1=12H91,1II/!J0G!+5!,13I!+I!

D421! 21L21I15H6H+=1!4O!D(IB,1! 6H24L9:! H965!*94,1!N4):!--G.!75)!6I! +,,(IH26H1)! +5!



$fb!

U6N,1!$/!H91!=62+6H+45!4O!--G!*6I!D6+5,:!1WL,6+51)!N:!6!)1B216I1!+5!,165!N4):!D6II!
hJ0Gi!4O!,4*12!,+DNI.!;5!,13I/!6!I+35+O+B65H!65)!I+D+,62!)1B216I1!*6I!4NI12=1)!+5!N4H9!
H91!B45H24,!B45)+H+45!h'�"!=I!0K8@T/!@#.#|/!L�f.f$i!65)!H91!L24H1+5!B45)+H+45!h'�"!

=I!0K8@T/!@".&|w!L�f.ff$w!+5H126BH+45!B45)+H+45~!H+D1Z!L�f.Y&i.!S5!H91!4LL4I+H1/!62DI!
J0G!*6I!54H! 6OO1BH1)!N:! H91!N1)! 21IH! +5! B45H24,! B45)+H+45! h'�"! =I!0K8@T/! �f."$|/!
L�f.^$i.!!
!
!

!

!
-+3(21!#$Z!04):!D6II!=62+6H+45.!!

U91! 326L9! +I! L21I15H+53! N4):! D6II! =62+6H+45I! 4O! H91! I(NV1BHI! (5)12! B45H24,! h*9+H1i! 65)! L24H1+5!

hN,6BEi!B45)+H+45I/!)(2+53!0K8!hY!)6:Ii/!FKU!h"$!)6:Ii!65)!'!h&!)6:Ii!L12+4)I.!!

K6H6!621!D165I!�!CPG.!756,:[1I!*121!L12O42D1)!(I+53!,+5162!D+W1)!D4)1,!65)!IL1B+O+1)!9:L4H91I1I!
6L�f.f&/!NL�f.f$/!BL�f.ff$!=I!N6I1,+51!+5!B45H24,!B45)+H+45!
)L�f.f&/!1L�f.f$/!OL�f.ff$!=I!=62+6H+45!+5!B45H24,!B45)+H+45!
3L�f.f&/!9L�f.f$/!+L�f.ff$!=I!N6I1,+51!+5!L24H1+5!B45)+H+45!

!

!
!

!

!

!

!

!

!

!

!



! $$f!

!

!

!

!

!

U6N,1!$Z!89626BH12+IH+BI/!N4):!D6II!65)!B4DL4I+H+45.!!

U91!H6N,1!+I!L21I15H+53!H91!1OO1BH!4O!N1)!21IH!(5)12!16B9!B45)+H+45/!B45H24,!h5�$fi!42!L24H1+5!h5�bi/!6H!

N6I1,+51!65)!H91!"5)!)6:!4O!21B4=12:!L12+4).!!

K6H6!621!D165I!�!CPG.!756,:[1I!*121!L12O42D1)!(I+53!,+5162!D+W1)!D4)1,!65)!IL1B+O+1)!9:L4H91I1I.!
6L�f.f&/!NL�f.f$/!BL�f.ff$!=I!N6I1,+51!+5!B45H24,!B45)+H+45!
)L�f.f&/!1L�f.f$/!OL�f.ff$!=I!=62+6H+45!+5!B45H24,!B45)+H+45!
3L�f.f&/!9L�f.f$/!+L�f.ff$!=I!N6I1,+51!+5!L24H1+5!B45)+H+45!

! !



$$$!

#1 L3A-,!>-%!(),%&,%!-,'!3&A#),-0!>-%!'&.)%!
U91!=62+6H+45I! +5!42365!O6H!B45H15HI/!6I!D16I(21)!N:!G';/!621!L21I15H1)! +5!U6N,1!".!

-42! 216)6N+,+H:/! 65)!6,H94(39!656,:I1I!96=1!N115!L12O42D1)!(I+53!6,,!)6H6!4=12! H+1/!
45,:!)6H6!6H!N6I1,+51!65)!FKU"f!621!L21I15H1).!

845H262:! H4! 1WL1BH1)! 21I(,HI/! +5! B45H24,! B45)+H+45/! N1)! 21IH! 21I(,H1)! +5! 6! $&.^|!
)1B216I1! +5! ,+=12! O6H! B45H15H! hFKU"f! =I! 0K8@"Z! L�f.f$i.! 7,H94(39! H9121! *6I! 54!
H+D1~B45)+H+45! +5H126BH+45! hL�f.Y"i/! H91! )1B216I1! +5! ,+=12! O6H! B45H15H! H15)1)! H4! N1!

,4*12! +5! H91! L24H1+5! B45)+H+45! 65)! )+)! 54H! 216B9! I+35+O+B65B1! hFKU"f! =I! 0K8@"w! @
&.%|/!L�f."%i.!

845B4D+H65H,:! 65)! +5=12I1,:! 6! 545@I+35+O+B65H! )1B216I1! 4O! T.&|! +5! I(NB(H6514(I!
6)+L4I1! H+II(1! hC7Ui!*6I!4NI12=1)! +5! H91!B45H24,! B45)+H+45! hL�f.$&!=I!0K8@"i.!U91!
)1B216I1!+5!C7U!*6I!I+35+O+B65H,:!9+3912!+5!H91!L24H1+5!B45)+H+45!h@$%.^|/!L�f.f$!=I!

0K8@"i.!R4!I+35+O+B65H!+DL6BH!4O!N1)!21IH!*6I!O4(5)!O42!=+IB126,!6)+L4I1!H+II(1.!!
G(IB,1!O6H!B45H15H!*6I!D16I(21)!N:!G';!+5!B6,O!65)!H9+39.!75!1OO1BH!4O!N1)!21IH!*6I!
4NI12=1)! +5!B6,O! +5H26@D(IB(,62! O6H!B45H15H!*+H9!6!I+D+,62! +5B216I1!4O!6N4(H!Y.&|!+5!
N4H9!B45)+H+45!h+5H126BH+45!H+D1~B45)+H+45Z!L�f.T&i/!*9+,1!54!I+35+O+B65H!=62+6H+45!+5!
B6,O!I(NB(H6514(I!O6H!*6I!54H1)!+5!1+H912!B45)+H+45.!0:!B45H26IH!9+39!+5H26@D(IB(,62!
65)! I(NB(H6514(I! O6H! B45H15H! 21D6+51)! IH6N,1! N1H*115! N6I1,+51! 65)! FKU"f!
*96H1=12!H91!B45)+H+45.!!

!

U6N,1!"Z!S2365!O6H!B45H15H!65)!213+456,!O6H!B45H15H!

U91! H6N,1! +I! L21I15H+53! ,+=12/! H9+39! 65)! B6,O! +5H26@D(IB(,62! 65)! I(NB(H6514(I! O6H! B45H15H/! 65)!

I(NB(H6514(I!65)!=+IB126,!6)+L4I1!H+II(1!+5!I(NV1BHI!+5!B45H24,!h5�$fi!65)!L24H1+5!h5�bi!B45)+H+45!6H!

N6I1,+51!65)!6OH12!"f@)6:I!4O!N1)!21IH.!!

K6H6!621!D165I!�!CPG.!756,:[1I!*121!L12O42D1)!(I+53!,+5162!D+W1)!D4)1,!65)!IL1B+O+1)!9:L4H91I1I.!
6L�f.f&/!NL�f.f$/!BL�f.ff$!=I!N6I1,+51!+5!B45H24,!B45)+H+45!
)L�f.f&/!1L�f.f$/!OL�f.ff$!=I!=62+6H+45!+5!B45H24,!B45)+H+45!
3L�f.f&/!9L�f.f$/!+L�f.ff$!=I!N6I1,+51!+5!L24H1+5!B45)+H+45!

!

! !



! $$"!

.4 O%>/(##()&"%+
M,6ID6!6D+54H265IO126I1I/!8'M!65)!O+N2+54315!B45B15H26H+45!621!L21I15H1)!+5!U6N,1!

#.!
F1L6H+B! D62E12I! *121! 54H! I+35+O+B65H,:! 6OO1BH1)! N:! $f! )6:I! 4O! N1)! 21IH! h�$$.^|/!
L�f.%#! =I! 0K8@Yw! @b.b|/! L�f.$f! =I! 0K8@Yw! @".b|/! L�f.YT! =I! 0K8@Yi! O42! L,6ID6!
6D+54H265IO126I1!7JU/!7CU!65)!>>U!21IL1BH+=1,:.!U91!I6D1!B45B,(I+45!*6I!O4(5)!O42!
8'M!h�".f|/!L�f.^f!=I!0K8@Yi!65)!O+N2+54315!h�f.&|/!L�f.b&!=I!0K8@Yi.!!

>,4N6,! N,44)! 21I+IH65B1! 65)! L,6ID6! 65H+4W+)65H! L4*12! 4O! L,6ID6! +I! L21I15H1)! +5!
-+3(21!#".!

75H+4W+)65H! L4*12! 4O! L,6ID6! +5! I(NV1BH! +5! B45H24,! B45)+H+45! )+)! 54H! I+35+O+B65H,:!
B96531! 6OH12! N1)! 21IH! h@&.T|w! &.&�f."DD4,! 6H! 0K8@%! =I! %.Y�f."DD4,! 6H! FKU$bw!
L�f."Ti! h-+3(21! #"i.!R1+H912! )+)! H91! 65H+4W+)65H! )1O15I1I! 6OH12! 3,(B4I+)6I1! h@^.^|w!

$f.%�$.$|!6H!0K8@%!=I!b.&�f.&|!6H!FKU$bw!L�f.&Ti!65)!3,(B(245+)6I1!6BH+45!h@b.^|w!
$$.&�$.f|!6H!0K8@%!=I!$f.%�f.Y|!6H!FKU$bw!L�f.%$i!45!O211!26)+B6,I! +5!I(NV1BHI! +5!

B45H24,! B45)+H+45.! C+D+,62,:/! 6OH12! I(,O6H6I1! 6BH+45! 45! O211! 26)+B6,I/! 65H+4W+)65H!
)1O15I1I! )+)! 54H! =62:! 6OH12! $b! )6:I! 4O! N1)! 21IH! +5! B45H24,! B45)+H+45! h�$fT|w!
f.f&�f.b#|!+5!0K8@%!=I!@$.f�$.f|!+5!FKU$bw!L�f.%#i.!!
!
  



$$#!

!
U6N,1!#Z!M,6ID6!+5O,6DD6H+45!D62E12I.!

M,6ID6! 7JU/! 7CU/! >>U/! 8'M! 65)! O+N2+54315! B45B15H26H+45! +5! I(NV1BHI! +5! B45H24,! h5�$fi! 65)! L24H1+5!

h5�bi!B45)+H+45!6H!N6I1,+51!65)!$f!)6:I!4O!N1)!21IH.!!

K6H6!621!D165I!�!CPG.!756,:[1I!*121!L12O42D1)!(I+53!,+5162!D+W1)!D4)1,!65)!IL1B+O+1)!9:L4H91I1I.!
6L�f.f&/!NL�f.f$/!BL�f.ff$!=I!N6I1,+51!+5!B45H24,!B45)+H+45!
)L�f.f&/!1L�f.f$/!OL�f.ff$!=I!=62+6H+45!+5!B45H24,!B45)+H+45!
3L�f.f&/!9L�f.f$/!+L�f.ff$!=I!N6I1,+51!+5!L24H1+5!B45)+H+45!

!

! !
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! $$%!

-+3(21!#"Z!SW+)6H+=1!IH21IIZ!A'J!65)!'PCPK7!H1IHI!

>,4N6,!N,44)!21I+IH65B1!65)!L,6ID6!65H+4W+)65H!L4*12!6OH12!3,(B4I+)6I1/!I(,O6H6I1!65)!3,(B(245+)6I1!

6BH+45!+5!I(NV1BHI!+5!B45H24,!h5�$fi!65)!L24H1+5!h5�bi!B45)+H+45!6H!N6I1,+51!h*9+H1i!65)!6OH12!$b!)6:I!

4O!N1)!21IH!hN,6BEi.!!

K6H6!621!,16IH!I?(621!D165I!�!CPG.!756,:[1I!*121!L12O42D1)!(I+53!,+5162!D+W1)!D4)1,!65)!IL1B+O+1)!

9:L4H91I1I.!
6L�f.f&/!NL�f.f$/!BL�f.ff$!=I!N6I1,+51!+5!B45H24,!B45)+H+45!
)L�f.f&/!1L�f.f$/!OL�f.ff$!=I!=62+6H+45!+5!B45H24,!B45)+H+45!
3L�f.f&/!9L�f.f$/!+L�f.ff$!=I!N6I1,+51!+5!L24H1+5!B45)+H+45!

!

'4 I(*)&%;+#0)(."/&'+7(2&(./0*+8$2&%;+.08+20*)+
!

-6IH+53! 942D451I! 65)!D1H6N4,+H1I! L,6ID6! B45B15H26H+45I! 65)! H91+2! 1=4,(H+45I! 621!

L21I15H1)!+5!U6N,1!%!65)!&.!
7H! O6IH+53/! N1)! 21IH! )+)! 54H! +DL6BH! 3,(B4I1! h�f."|w! L�f.b%! =I! 0K8@%i! 65)! +5I(,+5!
B45B15H26H+45!h�$.#|w!L�f.b$!=I!0K8@%i!42!+5I(,+5!21I+IH65B1!1IH+D6H1)!N:!FSG7@;'!
h�".Y|/!L�f.^#!=I!0K8@%i!hU6N,1!%i.!!
-6IH+53!L,6ID6!U>/!RP-7!65)!U>!+5!8G!65)!XJKJ!B45B15H26H+45I!*121!54H!+DL6BH1)!

N:! N1)! 21IH! h�&.^|/! L�f."b! =I! 0K8@%w! �$%.#|/! L�f."^! =I! 0K8@%w! @Y.$|/! L�f.TY! =I!
0K8@%/!@&.b|/!L�f.^Y!=I!0K8@%!21IL.i!hU6N,1!%i!
M,6ID6!JKJ/!FKJ!B45B15H26H+45I!65)!26H+4!JKJ_FKJ!I94*1)!54!+DL6BH!4O!N1)!21IH!+5!

B45H24,!B45)+H+45!h@Y.%|/!L�f.^T!=I!0K8@%w!@$f|/!L�f.##!=I!0K8@%w!b."|/!L�f.&^!=I!
0K8@%!21IL.i!hU6N,1!&i.!
! !



$$&!

!
U6N,1!%Z!-6IH+53!B45B15H26H+45!4O!3,(B4I1!H4,1265B1!65)!,+L+)!H26OO+BE+53!=62+6N,1I.!

>,(B4I1!H4,1265B1!=62+6N,1IZ!O6IH+53!3,(B4I1/!+5I(,+5!65)!FSG7@;'!B45B15H26H+45!621!L21I15H1)!

+5! B45H24,! h5�$fi!65)!L24H1+5! B45)+H+45! h5�bi!6H!N6I1,+51!65)!6OH12!$b!)6:I!4O!N1)! 21IH.!j1!

6,I4!L21I15H1)! ,+L+)!H26OO+BE+53!=62+6N,1IZ! O6IH+53!H2+3,:B12+)1I!hU>i/!545@1IH12+O+1)! O6HH:!6B+)I!

hRP-7i/!H2+3,:B12+)1I!+5!B9:,4D+B245!hU>!+5!8Gi!65)!H2+3,:B12+)1I!+5!XJKJ!hU>!+5!XJKJi.!

K6H6!621!D165I!�!CPG.!756,:[1I!*121!L12O42D1)!(I+53!,+5162!D+W1)!D4)1,!65)!IL1B+O+1)!9:L4H91I1I.!
6L�f.f&/!NL�f.f$/!BL�f.ff$!=I!N6I1,+51!+5!B45H24,!B45)+H+45!
)L�f.f&/!1L�f.f$/!OL�f.ff$!=I!=62+6H+45!+5!B45H24,!B45)+H+45!
3L�f.f&/!9L�f.f$/!+L�f.ff$!=I!N6I1,+51!+5!L24H1+5!B45)+H+45!

!
!

!

U6N,1!&Z!!

JKJ/!FKJ!B45B15H26H+45!65)!JKJ_FKJ!26H+4!+5!B45H24,!h5�$fi!65)!L24H1+5!h5�bi!B45)+H+45!6H!N6I1,+51!

h*9+H1i!65)!6OH12!$b!)6:I!4O!N1)!21IH!hN,6BEi.!

K6H6!621!D165I!�!CPG.!756,:[1I!*121!L12O42D1)!(I+53!,+5162!D+W1)!D4)1,!65)!IL1B+O+1)!9:L4H91I1I.!
6L�f.f&/!NL�f.f$/!BL�f.ff$!=I!N6I1,+51!+5!B45H24,!B45)+H+45!
)L�f.f&/!1L�f.f$/!OL�f.ff$!=I!=62+6H+45!+5!B45H24,!B45)+H+45!
3L�f.f&/!9L�f.f$/!+L�f.ff$!=I!N6I1,+51!+5!L24H1+5!B45)+H+45!

% %



! $$T!

84 P2(/+;/$'"*0+)"/02(%'0++
>,(B4I1! 65)! +5I(,+5! B45B15H26H+45I! 6OH12! 3,(B4I1! 6)D+5+IH26H+45! 621! L21I15H1)! +5!

-+3(21!##!hH4Li.!
01)!21IH!)+)!54H!+DL6BH!I+35+O+B65H,:!+DL6BH!3,(B4I1!65)!+5I(,+5!B45B15H26H+45I!+5!H91!
B45H24,! B45)+H+45/! 6I! +5)+B6H1)!N:! H91!545@I+35+O+B65H!".f|! +5B216I1!4O! 3,(B4I1!7]8!
h$T.b!�!f.T!3_J_92!6H!0K8@$!=I!$Y.#!�!f.T!3_J.92!6H!FKU"$w!L�f.&fi!h-+3(21I!#"i.!7I!
+5)+B6H1)! N:! H91! O+2IH! 65)! I1B45)! 94(2! 3,(B4I1! 7]8/! H91! E+51H+BI! 4O! L4IH@L265)+6,!

3,(B4I1!B45B15H26H+45!*6I!54H!6OO1BH1)!N:!H91!N1)!21IH!+5!H91!B45H24,!B45)+H+45.!;5!H91!
L24H1+5! B45)+H+45! H91! N1)! 21IH! +5)(B1)! 6! 5162,:! I+35+O+B65H! &.T!|! +5B216I1! +5! H4H6,!

3,(B4I1! 7]8! 65)! 6! I+35+O+B65H! +5B216I1! 4O! H91! I1B45)! 94(2! 3,(B4I1! 7]8! h�b.%|w!
L�f.f"w!H+D1~B45)+H+45!+5H126BH+45/!L�f.$Ti.!!
U91!+5I(,+5!21IL45I1!H4!S>UU!*6I!54H!+DL6BH!+DL6BH1)!N:!H91!N1)!21IH!*96H1=12!H91!

B45)+H+45!hB45H24,!42!L24H1+5i.!

#1 X+$(0&!-,'!0#7&3!#,$+0#,!$&,$#%#7#%I!#,'&F!!

06I1)!45!H91I1!)6H6!O24D!S>UU/!*1!B6,B(,6H1)!42365!+5I(,+5!I15I+H+=+H:!+5)1W!h-+3(21!
#"/!D+)),1i.! U9211! I(NV1BHI! 96)! 65! +5B216I1! 4O! 3,(B4I1! B45B15H26H+45! 6H! H91! 15)! 4O!

S>UU.! j1! 21D4=1)! H91D! O24D! H91! B6,B(,6H+45! 4O! +5I(,+5! I15I+H+=+H:.! U91! 21I(,HI!
I94*1)! H96H!N1)! 21IH! H15)1)! H4!)1B216I1! H91! +5I(,+5! I15I+H+=+H:!4O! N4H9!D(IB,1! 65)!
,+=12!N(H!H91I1!=62+6H+45I!*121!54H!I+35+O+B65H.!

##1 NF)A&,)+$!'W!A0+()$&!)F#'-%#),!
;5IH65H6514(I! 65)! B(D(,6H+=1! 21B4=12+1I! 4O! )Y! 3,(B4I1! 4W+)6H+45! 621! L21I15H1)! +5!

-+3(21!##!hN4HH4Di.!
G6W+D(D!+5IH65H6514(I!)Y!3,(B4I1!4W+)6H+45!)+)!54H!B96531!6OH12!"$!)6:I!4O!N1)!21IH! 

+5! B45H24,! B45)+H+45! h@$.T|/! T.&�$.f!|)4I1! 6H! 0K8@$! =I! T.%�$.f!|)4I1! 6H! FKU"$w!
L�f.b$i! h-+3(21! #"i.! C+D+,62,:/! 54! +DL6BH! 4O! N1)! 21IH! *6I! O4(5)! 45! H91! Y92I!
B(D(,6H+=1! 21B4=12:! 4O! )Y! 3,(B4I1! 4W+)6H+45! h@$$|/! "T.&�$.b! |)4I1! 6H! 0K8@$! =I!

"#.&�".T!|)4I1! 6H! FKU"$w! L�f.$$i! 65)! 54H! 1OO1BH! 4O! L24H1+5! I(LL,1D15H6H+45!*6I!
54H1).!!



$$Y!

!
! !



! $$^!

-+3(21!##Z!S26,!3,(B4I1!H4,1265B1!H1IH!65)!42365!+5I(,+5!I15I+H+=+H:.!

A+51H+BI! 4O! L,6ID6! 3,(B4I1! 65)! +5I(,+5! B45B15H26H+45I! 621! I94*5! 65)! H91! "@94(2I! B(D(,6H+=1!

B45B15H26H+45! 6OH12! 3,(B4I1! 6)D+5+IH26H+45! 6H! Hf! 621! L21I15H1)! +5! H91! 2+39H! N62I.! U91! H9+2)! 65)!

O4(2H9!B4,(D5I!621!21IL1BH+=1,:!L21I15H+53!H91! O+2IH!94(2!65)!H91! ,6IH!94(2!4O!3,(B4I1!65)! +5I(,+5!

B45B15H26H+45.!

G(IB,1!65)!,+=12!+5I(,+5!I15I+H+=+H:!621!L21I15H1)!6I!65!+5)1W!B6,B(,6H1)!N6I1)!45!7N)(,@>965+!1H!6,.!

"ffY!1?(6H+45.!

A+51H+B! 4O! )Y!3,(B4I1! 4W+)6H+45! +I! L21I15H1)! +5! B45H24,! h5�$f/!*9+H1i! 65)! L24H1+5! B45)+H+45! h5�b/!

N,6BEi!6H!N6I1,+51!h245)i!65)!6OH12!"$@)6:I!4O!N1)!21IH!hH2+653,1i!65)!B(D(,6H+=1!21B4=12:!+I!I94*5!

*+H9!H91!2+39H!N62I!h*9+H1Z!N6I1,+51/!N,6BEZ!N1)!21IHi.!!

K6H6!621!,16IH@I?(621!D165I!�!CPG.!756,:[1I!*121!L12O42D1)!(I+53!,+5162!D+W1)!D4)1,!65)!

IL1B+O+1)!9:L4H91I1I.!
6L�f.f&/!NL�f.f$/!BL�f.ff$!=I!N6I1,+51!+5!B45H24,!B45)+H+45!
)L�f.f&/!1L�f.f$/!OL�f.ff$!=I!=62+6H+45!+5!B45H24,!B45)+H+45!
3L�f.f&/!9L�f.f$/!+L�f.ff$!=I!N6I1,+51!+5!L24H1+5!B45)+H+45!

!

04 N%02;A+0=10%8&)$20J+)")(/+(%8+8&0)(2A+*$.*)2()0*+"=&8()&"%+

#1 N,&3AI!&F.&,'#%+3&!-,'!%)%-0!$+/$%3-%&$!)F#'-%#),!
P5123:!1WL15)+H(21!65)!RM'v!)6H6!621!L21I15H1)!+5!U6N,1!T.!
7! Y.^|! )1B216I1! +5! 'G'! 542D6,+[1)! 45! --G! *6I! )1IB2+N1)! +5! B45H24,! B45)+H+45!

hL�f.f$!=I!0K8@%i!65)!*6I!54H! I+35+O+B65H,:!L21=15H1)!N:!L24H1+5! I(LL,1D15H6H+45!
h+5H126BH+45Z! H+D1~B45)+H+45Z! L�f.YbihU6N,1! Ti.! R4! B96531I! *121! 54H1)! +5! O6IH+53!

RM'v!6OH12!N1)!21IH!+5!B45H24,!B45)+H+45!h@$."|/!L�f.%b!=I!0K8@%i.!j915!542D6,+[1)!
45!N216EO6IH!15123:/!)+1H62:! +5)(B1)! H912D43151I+I! hK;Ui!*6I!54H!D4)+O+1)!)(2+53!
N1)!21IH!+5!1+H912!B45)+H+45.!!

!

!

U6N,1!TZ!P5123:!1WL15)+H(21!65)!RM'v!

'1IH+53!D1H6N4,+B!26H1!h'G'i/!-6H!O211!D6II!h--Gi/!RM'v!hR45@L24H1+5!21IL+26H42:!?(4H+15Hi/!K;U!

hK+1H62:! +5)(B1)! H912D43151I+Ii! 621! L21I15H1)! +5! H9+I! H6N,1! +5! B45H24,! h5�$fi! 65)! L24H1+5!

B45)+H+45!h5�bi!6H!N6I1,+51!65)!6OH12!$b!)6:I!4O!N1)!21IH.!

K6H6!621!D165I!�!CPG.!756,:[1I!*121!L12O42D1)!(I+53!,+5162!D+W1)!D4)1,!65)!IL1B+O+1)!9:L4H91I1I.!!
6L�f.f&/!NL�f.f$/!BL�f.ff$!=I!N6I1,+51!+5!B45H24,!B45)+H+45!
)L�f.f&/!1L�f.f$/!OL�f.ff$!=I!=62+6H+45!+5!B45H24,!B45)+H+45!
3L�f.f&/!9L�f.f$/!+L�f.ff$!=I!N6I1,+51!+5!L24H1+5!B45)+H+45!



$$b!

!
-6IH+53!65)!L4IHL265)+6,! 4W+)6H+45!4O!D6B245(H2+15HI! 621!L21I15H1)! +5!U6N,1!Y! 65)!
-+3(21! #%! 21IL1BH+=1,:.! ;5! H91! B45H24,! B45)+H+45/! N1)! 21IH! )+)! 54H! +5)(B1! 65:!

I+35+O+B65H!1OO1BH!45!O6IH+53!D6B245(H2+15H!4W+)6H+45!6,H94(39!H91!)1B216I1!+5!O6IH+53!
L24H1+5!4W+)6H+45!*6I!5162,:!I+35+O+B65H!h@#.f|/!L�f.Yb!=I!0K8@%w!@"%.T|/!L�f.$"!=I!
0K8@%w!�f.Y|/!L�f.b%!=I!0K8@%/!21IL1BH+=1,:!O42!3,(B4I1/!L24H1+5!65)!,+L+)!4W+)6H+45!
+5!H91!B45H24,!B45)+H+45!65)!@b.b|/!L�f.%&!=I!0K8@%w!@b.T|/!L�f.&Y!=I!0K8@%w!�T.%|/!
L�f.%&i.!
M4IH@L265)+6,!4W+)6H+45I!4O!D6B245(H2+15HI!*121!)+OO1215H,:! +DL6BH1)!N:!$b!)6:I!4O!
N1)! 21IH! 65)! L24H1+5! I(LL,1D15H6H+45.! U4H6,! B62N49:)26H1I! 4W+)6H+45! )1B216I1)! N:!

$^.b|!+5!B45H24,!65)!N:!"#.T|!+5!L24H1+5!B45)+H+45!hL�f.ff$!=I!0K8@%!O42!N4H9i!*+H9!
6! 5162,:! I+35+O+B65H! +5H126BH+45! N1H*115! H+D1! 65)! B45)+H+45! h+5H126BH+45!
H+D1~B45)+H+45Z!L�f.$"i.!U9+I!)1B216I1!*6I!D4IH,:!4BB(22+53!)(2+53!H91!#!O+2IH!94(2I!

6OH12!H91!D16,!h@"Y.b|!+5!B45H24,!B45)+H+45!65)!@#".f|!+5!L24H1+5!B45)+H+45w!L�f.ff$!
=I! 0K8@%! O42! N4H9/! +5H126BH+45! H+D1~B45)+H+45Z! L�f.$#i.! R4! B96531I!*121! 4NI12=1)!

H91! ,6IH! %!94(2I! 6OH12! H91!D16,! h�$.%|! +5! H91! B45H24,! B45)+H+45/! L�f.^Y!=I!0K8@%w! @
&."|!+5!H91!L24H1+5!B45)+H+45/!L�f.&&!=I!0K8@%w!+5H126BH+45!H+D1~B45)+H+45Z!L�f.#bi.!!
U4H6,!,+L+)I!4W+)6H+45!)+)!54H!B96531!6OH12!$b!)6:I!4O!N1)!21IH!h�#.T|!+5!H91!B45H24,!
B45)+H+45/! L�f.&^! =I! 0K8@%w! �$.#|! +5! H91! L24H1+5! B45)+H+45/! L�f.^%w! +5H126BH+45!
H+D1~B45)+H+45/!L�f.^#i.!F4*1=12/!L4IH!D16,/!,+L+)!4W+)6H+45!)(2+53!H91!#!O+2IH!94(2I!

*6I!I+35+O+B65H,:!9+3912!6OH12!N1)!21IH!H965!)(2+53!0K8!N4H9!+5!H91!B45H24,!B45)+H+45!
h�$^.#|w! L�f.f"i! 65)! +5! H91! L24H1+5! B45)+H+45! h�$#.&|/! L�f.fTw! H+D1! ~B45)+H+45!
+5H126BH+45Z! L�f.b^i.! U9+I! 162,:! +5B216I1! +5! L4IHL265)+6,! 4W+)6H+45! *6I! 6II4B+6H1)!
*+H9!6!545`I+35+O+B65H!)1B216I1!)(2+53!H91!%!I(NI1?(15H!94(2I!+5!N4H9!B45)+H+45I!h@
$f.Y|!=I!0K8!+5!B45H24,!B45)+H+45/!L�f.$&!65)!@$$.%|!+5!L24H1+5!B45)+H+45/!L�f.$"w!

H+D1~B45)+H+45!+5H126BH+45/!L�f.Y%i.!!!
-+56,,:/! L4IH@L265)+6,! L24H1+5! 4W+)6H+45! *6I! 54H! +DL6BH1)! N:! N1)! 21IH! +5! B45H24,!

B45)+H+45! h�Y.%|/! L�f.$b! =I! 0K8@%i/! *9+,1/! 6I! 1WL1BH1)! +H! +5B216I1! *+H9! L24H1+5!
I(LL,1D15H6H+45! h�"T.T|/! L�f.ff$! =I! 0K8@%w! +5H126BH+45! H+D1~B45)+H+45Z! L�f.f$i.!
C+D+,62!=62+6H+45I!*121! O4(5)!*915!H91! O+2IH!65)! ,6IH!94(2I!4O! H91!L4IH@D16,!L12+4)!

*121!B45I+)121)!*+H9!54!I+35+O+B65H!1OO1BH!4O!H91!N1)!21IH!+5!H91!B45H24,!B45)+H+45!65)!
6!I+35+O+B65H!+5B216I1!4O!L24H1+5!4W+)6H+45!*+H9!L24H1+5!I(LL,1D15H6H+45!h+5H126BH+45!

H+D1~B45)+H+45Z!L�f.f$i.!!



! $"f!

!



$"$!

U6N,1! Y! �! -+3(21! #%Z! U4H6,! -6IH+53! 65)! L4IH@L265)+6,! B62N49:)26H1I/! ,+L+)I! 65)! L24H1+5I!

4W+)6H+45I.!

U91! O+3(21! +I! L21I15H+53! H4H6,! O6IH+53! 65)! L4IH@L265)+6,! 4W+)+[1)! B62N49:)26H1I/! ,+L+)I! 65)!

L24H1+5I!6H!N6I1,+51!h*9+H1i!65)!6OH12!$b!)6:I!4O!N1)!21IH!hN,6BEi!+5!I(NV1BHI!(5)12!B45H24,!h5�$fi!

65)!L24H1+5!h5�bi!B45)+H+45.!!

U91!O+2IH!B4,(D5!4O!9+IH4326DI!621!O6IH+53!4W+)+[1)!D6B245(H2+15HI.!U91!I1B45)!B4,(D5!L21I15HI!

H91!6216!(5)12!H91!B(2=1!h7]8i!4O!Y!94(2I!4W+)+[1)!B62N49:)26H1I/!,+L+)I!65)!L24H1+5I.!U91!H9+2)!

65)! O4(2H9! B4,(D5I! 621! 21IL1BH+=1,:! L21I15H+53! H91! #! O+2IH! 65)! %! ,6IH! 94(2I! 4O! 4W+)+[1)!

D6B245(H2+15HI.!

K6H6! 621! ,16IH@I?(621! D165I! �! CPG.! 756,:[1I! *121! L12O42D1)! (I+53! ,+5162! D+W1)! D4)1,! 65)!

IL1B+O+1)!9:L4H91I1I.!
6L�f.f&/!NL�f.f$/!BL�f.ff$!=I!N6I1,+51!+5!B45H24,!B45)+H+45!
)L�f.f&/!1L�f.f$/!OL�f.ff$!=I!=62+6H+45!+5!B45H24,!B45)+H+45!
3L�f.f&/!9L�f.f$/!+L�f.ff$!=I!N6I1,+51!+5!L24H1+5!B45)+H+45!

##1 20-$*-!*&%-/)0#(!7-3#-/0&$!'+3#,A!%&$%!'-I!
!
75!4=126,,! 1OO1BH!4O!N1)! 21IH!*6I!4NI12=1)! +5!L,6ID6!3,(B4I1! B45B15H26H+45! h-+3(21!
#&i.! 7OH12! $b! )6:I! 4O! N1)! 21IH/! 6! %.#|! +5B216I1! +5! H4H6,! 3,(B4I1! 5162,:! 216B91)!
I+35+O+B65B1!h#bT.Y�b.f!3_J.Y92I!6H!0K8@%!=I!%$#.Y�$".#!3_J.Y92I!6H!FKU$bw!L�f.$"i.!
M24H1+5! I(LL,1D15H6H+45! 21+5O42B1)! H9+I! =62+6H+45! h+5H126BH+45! H+D1~B45)+H+45Z!

L�f.f$i! ,16)+53! H4! 6! $#.%|! +5B216I1! +5! L24H1+5! B45)+H+45! h#b&.f�$$.b! 3_J.Y92I! 6H!
0K8@%!=I!%%Y.Y�$&.Y!3_J.Y92I!6H!FKU$bw!L�f.ff$i.!7,D4IH!H91!I6D1!4NI12=6H+45!B65!
N1!D6)1!)(2+53!H91!O+2IH!94(2I!O4,,4*+53!H91!D16,.!;5!O6BH/!54!B96531I!*121!I94*5!+5!
B45H24,! B45)+H+45! h�f.f$|/! $^".$�&.^! 3_J.#92I! 6H! 0K8@%! =I! $^".$�^."! 3_J.#92I! 6H!
FKU$b/! L�$i! 65)! 6,I4! 54! 1OO1BH! 4O! L24H1+5! I(LL,1D15H6H+45! h+5H126BH+45!

H+D1~B45)+H+45Z! L�f.$%i.! F4*1=12/! H9121! IH+,,! *6I! 6! I+35+O+B65H! +5B216I1! 4O! b.#|!
h$YT.f�T."! 3_J.#92I! 6H! 0K8@%! =I! $b".#�^.#! 3_J.#92I! 6H! FKU$bw! L�f.f#i! +5! L24H1+5!
B45)+H+45.! -+56,,:/! H91! D6V42! =62+6H+45! +I! 4BB(22+53! H91! ,6IH! 94(2I! 4O! H91! H1IH.! 7!

I+35+O+B65H!+5B216I1!(5)12!L9:I+B6,!+56BH+=+H:!h�Y.b|/!"$%.Y�&.#!3_J.%92I!6H!0K8@%!=I!
"#$.Y�&.^!3_J.%92I!6H!FKU$bw!L�f.f"i!*6I!1W6B12N6H1)!N:!L24H1+5!I(LL,1D15H6H+45!

h+5H126BH+45!H+D1~B45)+H+45Z!L�f.f$i! ,16)+53!H4!6!D421! +DL42H65H! +5B216I1!4O!$T.T|!
+5!L24H1+5!B45)+H+45!h"$b.f�Y.%!3_J.%92I!6H!0K8@%!=I!"&&.%�b.Y!3_J.%92I!6H!FKU$bw!
L�f.ff$i.!
845=12I1,:/!N1)!21IH!)+)!54H!I+35+O+B65H,:! +DL6BH! H4H6,! +5I(,+5!B45B15H26H+45!h�&.f|/!
$f.T�$.b! ;]_J.Y92I! 6H! 0K8@%! =I! $$.$�$.$! ;]_J.Y92I! 6H!FKU$bw! L�f.Y"i! h-+3(21! #&i.!

U91!I6D1!B45B,(I+45!*6I!O4(5)!H91!O+2IH!94(2I!6OH12!H91!)4I1! +5!I(NV1BHI!(5)12!N1)!
21IH! h@^.^|/! Y.Y�$.%! ;]_J.#92I! 6H! 0K8@%! =I! Y.$�$.f! ;]_J.#92I! 6H! FKU$bw! L�f.Tfi.!

R1=12H91,1II/!+5I(,+5!B45B15H26H+45!*6I!I+35+O+B65H,:!+5B216I1)!H91!,6IH!O4(2!94(2I!4O!
H91!H1IH/!*+H9!6!%".$|!+5B216I1!6OH12!N1)!21IH!+5!B45H24,!B45)+H+45!h".b�f.^!;]_J.%92I!
6H!0K8@%! =I! %.$�f.#! ;]_J.%92I! 6H!FKU$bw! L�f.f$i! 65)!$ff.$|!*915! I(LL,1D15H1)!
*+H9!L24H1+5I!h".f�f.%!;]_J.%92I!6H!0K8@%!=I!#.b�f.#!;]_J.%92I!6H!FKU$bw!L�f.ff$i.!
M24H1+5! I(LL,1D15H6H+45! )+)! 54H! L21=15H! H9+I! =62+6H+45! (5)12! IH2+BH! N1)! 21IH!

h+5H126BH+45Z!L�f.Y#i.!



! $""!

-+56,,:/!+5!B45H24,!B45)+H+45/!$b!)6:I!4O!N1)!21IH!)+)!54H!I+35+O+B65H,:!+DL6BH!FSG7@;'!

h�".b|/!"^.%�T.f!6H!0K8@%!=I!"b.#�#.T!6H!FKU$bw!L�f.^Yi.!U91!I6D1!B45B,(I+45!*6I!
D6)1! H91!#! O+2IH!94(2I! O4,,4*+53! H91!D16,! +5!B45H24,! B45)+H+45! h@$".b|w!"#.#�&.#!6H!

0K8@%! =I! "f.#�#.#! 6H! FKU$bw! L�f.%bi.! ;5H121IH+53,:/! +5! B45H24,! B45)+H+45/! 6! Y%.Y|!
I+35+O+B65H! +5B216I1!4O!FSG7@;'!*6I!4NI12=1)!6OH12!$b!)6:I!4O!N1)! 21IH! h&.$�$.f!6H!
0K8@%! =I! b.f�f.b! 6H! FKU$bw! L�f.f$i.! M24H1+5! I(LL,1D15H6H+45! 5162,:! I+35+O+B65H,:!
+5O,(15B1)! H9+I! =62+6H+45! h+5H126BH+45! H+D1~B45)+H+45Z! L�f.$$i/! ,16)+53! H4! 6! D421!
+DL42H65H! +5B216I1!4O!$#f.f|!+5!L24H1+5!B45)+H+45!h%.b�$."!6H!0K8@%!=I!$$."�$.#!6H!

FKU$bw!L�f.ff$i.!
!

�!
-+3(21!#&Z!>,(B4I1/!+5I(,+5!65)!FSG7@;'!B45B15H26H+45I!6OH12!6!IH65)62)+[1)!D16,.!!

A+51H+BI!4O!3,(B4I1/!+5I(,+5!65)!F4D14IH6I+I!G4)1,!4O!7II1IID15H!`!;5I(,+5!'1I+IH65B1!hFSG7@;'i!621!

L21I15H1)!6OH12! 6! IH65)62)+[1)!D16,! 6)D+5+IH121)!6H! Hf! +5! I(NV1BHI!(5)12! B45H24,! h5�$f/!*9+H1i! 65)!

L24H1+5! B45)+H+45! h5�b/! N,6BEi! 6H! N6I1,+51! h245)i! 65)! 6OH12! $b@)6:I! 4O! N1)! 21IH! hH2+653,1i.! U91! 2+39H!

326L9I!621!6216!(5)12!H91!B(2=1!h7]8i!4O!H91!B45B15H26H+45I!4O!16B9!=62+6N,1!4=12!Y!94(2I!L4IH!D16,!6H!

N6I1,+51! h*9+H1i! 65)!6OH12!$b!)6:I!4O!N1)! 21IH! hN,6BEi.!U91! H*4! ,6IH! 326L9I!621!L21I15H+53! H91!7]8I!

4=12!H91!O+2IH!#!94(2I!65)!H91!,6IH!O4(2!94(2I!4O!H91!H1IH.!!

K6H6!621!,16IH!I?(621!D165I!�!CPG.!
6L�f.f&/!NL�f.f$/!BL�f.ff$!=I!N6I1,+51!+5!B45H24,!B45)+H+45!
)L�f.f&/!1L�f.f$/!OL�f.ff$!=I!=62+6H+45!+5!B45H24,!B45)+H+45!
3L�f.f&/!9L�f.f$/!+L�f.ff$!=I!N6I1,+51!+5!L24H1+5!B45)+H+45!

! !



$"#!

###1 Y#&%-3I!'H:!.-0*#%-%&!)F#'-%#),!

U>!L,6ID6!B45B15H26H+45I!621!L21I15H1)!+5!-+3(21!#T.!

U4H6,! U>! B45B15H26H+45I! 21D6+51)! (5B96531)! 6OH12! $b! )6:I! 4O! N1)! 21IH! +5! B45H24,!
B45)+H+45!h�f.^|/!L�f.b$!=I!0K8@%i.! ;5!B45H24,!B45)+H+45/! H91!I6D1!B45B,(I+45I!B65!

N1!D6)1!O42!H91!B45B15H26H+45!4=12!H91!O+2IH!65)!H91!,6IH!94(2I!6OH12!H91!D16,!*+H9!54!
+DL6BH!4O!N1)!21IH!+5!U>!h�&.&|/!L�f.%$!=I!0K8@%!65)!@".#|/!L�f.Yb!=I!0K8@%!21IL.i.!!

!
-+3(21!#TZ!U>!E+51H+BI!B45B15H26H+45I!6OH12!6!IH65)62)+[1)!D16,!

A+51H+B!4O!H2+3,:B12+)I!hU>i!+I!L21I15H1)!6OH12!6!IH65)62)+[1)!D16,!6)D+5+IH121)!6H!Hf!+5!I(NV1BHI!(5)12!

B45H24,! h5�$f/!*9+H1i!65)!L24H1+5!B45)+H+45!h5�b/!N,6BEi!6H!N6I1,+51!h245)i!65)!6OH12!$b@)6:I!4O!N1)!

21IH!hH2+653,1i.!U91!2+39H!326L9I!621!6216!(5)12!H91!B(2=1!h7]8i!4O!H91!B45B15H26H+45I!4O!16B9!=62+6N,1!

4=12!Y!94(2I!L4IH!D16,!6H!N6I1,+51!h*9+H1i!65)!6OH12!$b!)6:I!4O!N1)!21IH!hN,6BEi.!U91!H*4!,6IH!326L9I!

621!L21I15H+53!H91!7]8I!4=12!H91!O+2IH!#!94(2I!65)!H91!,6IH!O4(2!94(2I!4O!H91!H1IH.!!

K6H6!621!,16IH!I?(621!D165I!�!CPG.!
6L�f.f&/!NL�f.f$/!BL�f.ff$!=I!N6I1,+51!+5!B45H24,!B45)+H+45!
)L�f.f&/!1L�f.f$/!OL�f.ff$!=I!=62+6H+45!+5!B45H24,!B45)+H+45!
3L�f.f&/!9L�f.f$/!+L�f.ff$!=I!N6I1,+51!+5!L24H1+5!B45)+H+45!

!

;5IH65H6514(I! 65)! B(D(,6H+=1! 21B4=12+1I! L12! 94(2! 4O! )#$! L6,D+H6H1! 4W+)+[1)! 621!
L21I15H1)!+5!-+3(21!#Y.!
01)! 21IH! )+)! 54H! +DL6BH! )#$!L6,D+H6H1! 4W+)6H+45.! ;5! O6BH/! D6W+D(D! +5IH65H6514(I!

21B4=12:!4O!)#$!L6,D+H6H1!4W+)6H+45!)+)!54H!=62:!+5!B45H24,!B45)+H+45!h�$&."|/!#.&�f."!
|)4I1_94(2!6H!0K8@%!=I!%.f�f.%!|)4I1_94(2!6H!FKU$bw!L�f.&&i.!!

j915!,44E+53!B,4I1,:!H4!H91!21I(,HI/!B(D(,6H+=1!21B4=12:!4O!)#$!L6,D+H6H1!)(2+53!H91!
O+2IH!%!94(2I!6OH12!H91!)4I1!*6I!I+35+O+B65H,:!+5B216I1)!N:!#Y.T|!+5!B45H24,!B45)+H+45!

h&.b�f.%! |)4I1_94(2! 6H! 0K8@%! =I! ^.$�f.T|! )4I1! 6H! FKU$bw! L�f.f$i.! M24H1+5!
I(LL,1D15H6H+45!)+)!54H! L21=15H! H9+I! +5B216I1! h+5H126BH+45! H+D1~B45)+H+45Z! L�f.bYi!
H96H! *6I! IH+,,! 4NI12=1)! 6OH12! N1)! 21IH! +5! L24H1+5! B45)+H+45! h�#^.T|w! &.^�f.&!

|)4I1_94(2! 6H! 0K8@%! =I! ^.$�f.&! |)4I1_94(2! 6H! FKU$bw! L�f.ff$i.! U9121! *6I! 54!
I+35+O+B65H!1OO1BH!4O!N1)! 21IH!65:D421! O42!)6H6!D16I(21)!Y!94(2I! h�".Y|! +5! B45H24,!
B45)+H+45w! $b.$�f.^! |)4I1_94(2! 6H! 0K8@%! =I! $b.T�$.f! |)4I1_94(2! 6H! FKU$b/!
L�f.T^i! 65)! "#! 94(2I! 6OH12! L6,D+H6H1! )4I1! 6)D+5+IH26H+45! h�&."|! +5! B45H24,!
B45)+H+45w! "Y.&�$.%! |)4I1_94(2! 6H! 0K8@%! =I! "^.b�$.%! |)4I1_94(2! 6H! FKU! $bw!
L�f.%Ti.!



! $"%!

!
!

-+3(21!#YZ!F4(2,:! +5IH65H6514(I!L12B15H!21B4=12:!4O!)+1H62:!)#$!L6,D+H6H1!621!L21I15H1)!+5!

I(NV1BHI! (5)12! B45H24,! h5�$f/!j9+H1i! 65)! L24H1+5! h5�b/! 54+2i! B45)+H+45! 6H! N6I1,+51! h245)i!

65)! 6OH12! $b! )6:I! 4O! N1)! 21IH! hH2+653,1i.! U+D1! f! B4221IL45)I! H4! H91! )4I1! +531IH+45.!

8(D(,6H+=1! 21B4=12+1I! 4O! )#$! L6,D+H6H1! 621! L21I15H1)! %! 94(2I/! Y! 94(2I! 65)! "#! 94(2I! L4IH!

)4I1!6H!N6I1,+51!h*9+H1i!65)!6OH12!$b@)6:I!4O!N1)!21IH!hN,6BEi.!

K6H6!621!,16IH!I?(621!D165I!�!CPG.!756,:[1I!*121!L12O42D1)!(I+53!,+5162!D+W1)!D4)1,!65)!

IL1B+O+1)!9:L4H91I1I.!
6L�f.f&/!NL�f.f$/!BL�f.ff$!=I!N6I1,+51!+5!B45H24,!B45)+H+45!
)L�f.f&/!1L�f.f$/!OL�f.ff$!=I!=62+6H+45!+5!B45H24,!B45)+H+45!
3L�f.f&/!9L�f.f$/!+L�f.ff$!=I!N6I1,+51!+5!L24H1+5!B45)+H+45!

! !
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#71 :R
:H
G!6(&%-%&!)F#'-%#),!

;5IH65H6514(I!65)! B(D(,6H+=1! 21B4=12+1I!4O!$@$#8!6B1H6H1!4W+)+[1)!621!L21I15H1)! +5!

-+3(21!#^.!
G6W+D(D! +5IH65H6514(I! $@$#8! 6B1H6H1! 4W+)6H+45! *6I! 54H! B96531)! 6OH12! $b@)6:I! 4O!

N1)!21IH!+5!H91!B45H24,!B45)+H+45!h@$.Y|/!$$.Y�f.T!|)4I1_94(2!6H!0K8@%!=I!$$.&�f.&!
|)4I1_94(2! 6H! FKU$bw! L�f.b$i.! F4*1=12/! H91! Y@94(2I! 21B4=12:! 4O! $#8! 6B1H6H1!
I94*1)!6!I+35+O+B65H! +5B216I1!4O!Y.%|!)(2+53!N1)!21IH!N4H9! +5! H91!B45H24,!B45)+H+45!

h%".b�$.$! |)4I1_94(2! 6H! 0K8@%! =I! %T.f�$.f! |)4I1_94(2! 6H! FKU$bw! L�f.f#i! 65)!
*+H9!L24H1+5!I(LL,1D15H6H+45!h+5H126BH+45Z!H+D1~B45)+H+45Z!L�f.%Yw!�$".^|/!%$.^�$.#!

|)4I1_94(2! 6H! 0K8@%! =I! %Y.$�f.b! |)4I1_94(2! 6H! FKU$b/! L�f.ff$i.! F4*1=12! H91!
+5B216I1!+5!H91!I,4L1!4O!$#8!4W+)6H+45!)(2+53!H91!O+2IH!%&!D+5!4O!D16I(21I!+5)(B1)!N:!
H91!N1)!21IH!*6I!I+35+O+B65H,:!9+3912!+5!L24H1+5!B45)+H+45!�#&.b|/!f.$^�f.f"!6H!0K8@%!

=I!f."&�f.f#!6H!FKU$bw!L�f.f%i!6I!B4DL621)!H4!B45H24,!B45)+H+45!h�T.b|w!f.$^�f.f"!
6H!0K8@%!=I!f."f�f.f"!6H!FKU$bw!L�f.TTw!+5H126BH+45!H+D1~B45)+H+45Z!L�f.fYi.!

!
-+3(21! #^Z! A+51H+B! 4O! +5IH65H6514(I! $#8! 6B1H6H1! 21B4=12:! +5! I(NV1BHI! (5)12! B45H24,! h5�$f/!

j9+H1i!65)!L24H1+5!h5�b/!N,6BEi!B45)+H+45!6H!N6I1,+51!h24(5)i!65)!6OH12!$b!)6:I!4O!N1)!21IH!

hH2+653,1i.! U+D1! f! B4221IL45)I! H4! H91! )4I1! +531IH+45.! Y@94(2I! B(D(,6H+=1! 21B4=12:! 4O! H91!

)4I1!+I!L21I15H1)!6H!N6I1,+51!h*9+H1i!65)!6OH12!$b!)6:I!4O!N1)!21IH!hN,6BEi.!!

K6H6!621!,16IH!I?(621!D165I!�!CPG.!756,:[1I!*121!L12O42D1)!(I+53!,+5162!D+W1)!D4)1,!65)!

IL1B+O+1)!9:L4H91I1I.!
6L�f.f&/!NL�f.f$/!BL�f.ff$!=I!N6I1,+51!+5!B45H24,!B45)+H+45!
)L�f.f&/!1L�f.f$/!OL�f.ff$!=I!=62+6H+45!+5!B45H24,!B45)+H+45!
3L�f.f&/!9L�f.f$/!+L�f.ff$!=I!N6I1,+51!+5!L24H1+5!B45)+H+45!
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! $"T!

71 Y#&%-3I!0#.#'!%3->>#(U#,A!

:1 'H:!.-0*#%-%&!&,3#(B*&,%!-,'!(),(&,%3-%#),!#,!(BI0)*#(3),$1!!

!
U>! +5! 8G! E+51H+BI! +I! L21I15H1)! +5! -+3(21! #b! 65)! )#$! L6,D+H6H1! 152+B9D15H! 65)!
B45B15H26H+45!+5!8G�U>!621!L21I15H1)!+5!-+3(21!%f.!
;5! B45H24,! B45)+H+45/! 54! B96531I! *121! O4(5)! +5! U>! B45B15H26H+45! +5! 8G! h�$%.&|/!

L�f.#b!=I!0K8@%i!h-+3(21!%fi.!;5!B45H24,!B45)+H+45/!H91!I6D1!B45B,(I+45I!B65!N1!D6)1!
O42!H91!B45B15H26H+45!4=12!H91!O+2IH!65)!H91!,6IH!94(2I!6OH12!H91!D16,!*+H9!54!+DL6BH!4O!
N1)!21IH!+5!U>!+5!8G!h�"^.Y|/!L�f.fT!=I!0K8@%!65)!�T."|/!L�f.YT!=I!0K8@%!21IL.i!!

!
-+3(21!#bZ!U>!+5!8G!E+51H+BI!B45B15H26H+45I!6OH12!6!IH65)62)+[1)!D16,!

A+51H+B! 4O! H2+3,:B12+)I! +5! 8G! +I! L21I15H1)! 6OH12! 6! IH65)62)+[1)! D16,! 6)D+5+IH121)! 6H! Hf! +5! I(NV1BHI!

(5)12!B45H24,!h5�$f/!*9+H1i!65)!L24H1+5!B45)+H+45!h5�b/!N,6BEi!6H!N6I1,+51!h245)i!65)!6OH12!$b@)6:I!4O!

N1)! 21IH! hH2+653,1i.! U91! 2+39H! 326L9I! 621! 6216! (5)12! H91! B(2=1! h7]8i! 4O! H91! B45B15H26H+45I! 4O! 16B9!

=62+6N,1!4=12!Y!94(2I!L4IH!D16,!6H!N6I1,+51!h*9+H1i!65)!6OH12!$b!)6:I!4O!N1)!21IH!hN,6BEi.!U91!H*4!,6IH!

326L9I!621!L21I15H+53!H91!7]8I!4=12!H91!O+2IH!#!94(2I!65)!H91!,6IH!O4(2!94(2I!4O!H91!H1IH.!!

K6H6!621!,16IH!I?(621!D165I!�!CPG.!
6L�f.f&/!NL�f.f$/!BL�f.ff$!=I!N6I1,+51!+5!B45H24,!B45)+H+45!
)L�f.f&/!1L�f.f$/!OL�f.ff$!=I!=62+6H+45!+5!B45H24,!B45)+H+45!
3L�f.f&/!9L�f.f$/!+L�f.ff$!=I!N6I1,+51!+5!L24H1+5!B45)+H+45!

!

U4H6,!+I4H4L+B!152+B9D15H!4O!8G�U>!+5!B45H24,!B45)+H+45!h@%.$|w!b%.T�$.b!6H!0K8@%!=I!
bf.Y�#.$!6H!FKU$bw!L�f.%$i!65)! O42! H4H6,!L6,D+H6H1!B45B15H26H+45! +5!8G�U>!)+)!54H!

=62:!I+35+O+B65H,:!6OH12!N1)!21IH!h"$."|w!%&.#�Y."!DD4,_J.Y92I!6H!0K8@%!=I!&%.b�&."!
DD4,_J.Y92I! 6H! FKU$bw! L�f.$%i.! F4*1=12/! )(2+53! H91! O+2IH! 94(2I! 4O! H91! H1IH/!
L6,D+H6H1! B45B15H26H+45! *6I! I+35+O+B65H,:! +5B216I1)! )(2+53! N1)! 21IH! +5! B45H24,!

B45)+H+45! h"b.#|w! $T.b�".%! DD4,_J.#92I! 6H! 0K8@%! =I! "$.^�".#! DD4,_J.#92I! 6H!
FKU$bw! L�f.f"i! 65)! L24H1+5! I(LL,1D15H6H+45! )+)! I+35+O+B65H,:! L21=15H! +H! +5! H91!
L24H1+5! B45)+H+45! h+5H126BH+45! H+D1~B45)+H+45Z! L�f.f&w! @$".Y|! =I! $b.f�".%!
DD4,_J.#92I!6H!FKU!$b!+5!L24H1+5!B45)+H+45i!*+H9!6!)+I6LL16265B1!4O!N1)!21IH!1OO1BH!

+5! L24H1+5! B45)+H+45! h=I! "$.^�#.b! DD4,_J.#92I! 6H! 0K8@%w! L�f.$%i.! R4! I+35+O+B65H!
=62+6H+45!4O!L6,D+H6H1!B45B15H26H+45!*6I!4NI12=1)!+5!B45H24,!B45)+H+45!)(2+53!H91!,6IH!
%! 94(2I! 4O! H91! H1IH! h�$T.%|w! "^.%�&."! DD4,_J.%94(2I! 6H! 0K8@%! =I! ##.f�#.#!

DD4,_J.%92I!6H!FKU$bw!L�f.%Yi!



$"Y!

j+H9! 54! I(2L2+I1/! H91! 26H1! 4O! )#$! L6,D+H6H1! 6LL16265B1/! +I4H4L1! 152+B9D15H! 65)!
L6,D+H6H1!B45B15H26H+45!+5!8G�U>!+I!L21I15H1)!+5!-+3(21!%f.!;5!B45H24,!B45)+H+45/!N1)!
21IH! )+)! 54H! 96=1! 65:! +DL6BH! 45! Y@94(2I! B(D(,6H+=1! )#$! L6,D+H6H1! 6LL16265B1! +5!

8G�U>!h�$f.&|w!$".b�".b!DD4,.J_Y92I!6H!0K8@%!=I!$%.#�$.%!DD4,.J_Y92I!6H!FKU$bw!
L�f.&fi/!N(H!6,I4!)(2+53!H91!#!O+2IH!h�$T.b|w!%.#�f.b!DD4,.J_#92I!6H!0K8@%!=I!&.f�f.Y!
DD4,.J_#92I! 6H! FKU$bw! L�f.$bi! 42! H91! ,6IH! %! 94(2I! 4O! H91! H1IH! h#.$|w! ^.^�".$!
DD4,.J_%92I!6H!0K8@%!=I!b.$�$.f!DD4,.J_%92I!6H!FKU$bw!L�f.^%i.!!
!

!



!
$
"
^
!

!

-+3(21!%fZ! 
A+51H+BI!4O!)

#$!
L6,D+H6H1!26H1!4O!6LL16265B1!65)! +I4H4L1!152+B9D15H! +5!

B9:,4D+B245I! h8Gi! 621! L21I15H1)! +5! I(NV1BHI! (5)12! B45H24,! h5�$f/!
*9+H1i!65)!L24H1+5!B45)+H+45!h5�b/!N,6BEi!6H!N6I1,+51!h24(5)i!65)!6OH12!
$b@)6:I! 4O! N1)! 21IH! hH2+653,1i.! U4H6,! B(D(,6H+=1! 26H1! 4O! 6LL16265B1! 4O!
)
#$!

L6,D+H6H1! 65)! (5,6N1,1)! L6,D+H6H1! B45B15H26H+45! +5! 8G! 621!

L21I15H1)! 6I! 6216! (5)12! H91! B(2=1! h7]8i! Y! 94(2I! L4IH! )4I1! 65)!
I1L626H1)! +5!H91!#! O+2IH!94(2I!65)! H91!%! ,6IH!451!hN6I1,+51!h*9+H1i!65)!
6OH12!$b@)6:I!4O!N1)!21IH!hN,6BEii.!
K6H6! 621! ,16IH@I?(621! D165I! �! CPG.! 756,:[1I! *121! L12O42D1)! (I+53!
,+5162!D+W1)!D4)1,!65)!IL1B+O+1)!9:L4H91I1I. 
6L�f.f&/!NL�f.f$/!BL�f.ff$!=I!N6I1,+51!+5!B45H24,!B45)+H+45!
)L�f.f&/!1L�f.f$/!OL�f.ff$!=I!=62+6H+45!+5!B45H24,!B45)+H+45!
3L�f.f&/!9L�f.f$/!+L�f.ff$!=I!N6I1,+51!+5!L24H1+5!B45)+H+45!
 



$"b!

=1 'H:!.-0*#%-%&!&,3#(B*&,%!-,'!(),(&,%3-%#),!#,!O"Y"1!!

U>! +5! XJKJ! E+51H+BI! +I! L21I15H1)! +5! -+3(21! %$! 65)! )#$! L6,D+H6H1! 152+B9D15H! 65)!
B45B15H26H+45!+5!XJKJ�U>!621!L21I15H1)!+5!-+3(21!%".!

;5!B45H24,!B45)+H+45/!54!B96531I!*121!O4(5)!+5!U>!B45B15H26H+45!+5!XJKJ�U>!h�b.b|/!
L�f.Y#! =I! 0K8@%i.! ;5! B45H24,! B45)+H+45/! H91! I6D1! B45B,(I+45I! B65! N1!D6)1! O42! H91!

B45B15H26H+45!4=12!H91!O+2IH!65)!H91! ,6IH!94(2I!6OH12!H91!D16,!*+H9!54!+DL6BH!4O!N1)!
21IH!+5!U>!+5!XJKJ!h�^.Y|/!L�f.YY!=I!0K8@%!65)!$f.b|/!L�f.Yf!=I!0K8@%i.!

!
-+3(21!%$Z!U>!+5!XJKJ!E+51H+BI!B45B15H26H+45I!6OH12!6!IH65)62)+[1)!D16,!

A+51H+B!4O! H2+3,:B12+)I! +5!XJKJ! +I!L21I15H1)!6OH12!6! IH65)62)+[1)!D16,! 6)D+5+IH121)!6H! Hf! +5! I(NV1BHI!

(5)12!B45H24,!h5�$f/!*9+H1i!65)!L24H1+5!B45)+H+45!h5�b/!N,6BEi!6H!N6I1,+51!h245)i!65)!6OH12!$b@)6:I!4O!

N1)! 21IH! hH2+653,1i.! U91! 2+39H! 326L9I! 621! 6216! (5)12! H91! B(2=1! h7]8i! 4O! H91! B45B15H26H+45I! 4O! 16B9!

=62+6N,1!4=12!Y!94(2I!L4IH!D16,!6H!N6I1,+51!h*9+H1i!65)!6OH12!$b!)6:I!4O!N1)!21IH!hN,6BEi.!U91!H*4!,6IH!

326L9I!621!L21I15H+53!H91!7]8I!4=12!H91!O+2IH!#!94(2I!65)!H91!,6IH!O4(2!94(2I!4O!H91!H1IH.!!

K6H6!621!,16IH!I?(621!D165I!�!CPG.!
6L�f.f&/!NL�f.f$/!BL�f.ff$!=I!N6I1,+51!+5!B45H24,!B45)+H+45!
)L�f.f&/!1L�f.f$/!OL�f.ff$!=I!=62+6H+45!+5!B45H24,!B45)+H+45!
3L�f.f&/!9L�f.f$/!+L�f.ff$!=I!N6I1,+51!+5!L24H1+5!B45)+H+45!

!

U91! 26H1! 4O! )#$! L6,D+H6H1! 6LL16265B1/! +I4H4L1! 152+B9D15H! 65)! L6,D+H6H1!
B45B15H26H+45!+5!8G!+I!L21I15H1)!+5!-+3(21!%".!
;I4H4L+B!152+B9D15H!+5!XJKJ�U>!)+)!54H!=62:!6OH12!N1)!21IH!h@%.&|w!"^.&�$.%!6H!0K8@%!

=I!"Y."�$.f!6H!FKU$bw!L�f.&#i!65)!I4!)+)!(5,6N1,1)!L6,D+H6H1!B45B15H26H+45!+5!H4H6,!
h�"f.%|w!$&$.#�$^.%!DD4,_J.Y92I!6H!0K8@%!=I!$^"."�$Y.f!DD4,_J.Y92I!6H!FKU$bw!

L�f.f&#i/! )(2+53! H91! O+2IH! h�$b.&|w! TY.Y�Y.^! DD4,_J.#92I! 6H! 0K8@%! =I! ^f.b�Y."!
DD4,_J.#92Iw!L�f.Ybi!65)!,6IH!94(2I!4O!H91!H1IH!h�"$."|w!^#.T�$f.Y!DD4,_J.%92I!6H!

0K8@%! =I! $f$.%�b.b!DD4,_J.%92I! 6H!FKU$bw! L�f."$i.! M24H1+5! I(LL,1D15H6H+45! 96)!
54!I+35+O+B65H!1OO1BH!45!H91I1!L626D1H12I!hL�f.#f!O42!6,,i.!
7OH12!$b!)6:I!4O!N1)!21IH/!H91!26H1!4O!)#$!L6,D+H6H1!6LL16265B1!+5!XJKJ�U>!21D6+51)!
(5B96531)! h�$$.f|w! "".&�&.f! DD4,_J.Y92I! 6H! 0K8@%! =I! "Y.#�%.f! DD4,_J.Y92I! 6H!
FKU$bw! L�f.%"i.! C+D+,62,:/! 54! B96531I!*121! 54H1)! )(2+53! H91! O+2IH! h@%.f|w! ".T�f.%!

DD4,_J.#92I!6H!0K8@%!=I!".&�f.#!DD4,_J.#92I!6H!FKU$bw!L�f.Ybi!65)!,6IH!94(2I!4O!
H1IH! h�$^.%|w! Y.b�$.$! DD4,_J.%92I! 6H! 0K8@%! =I! b.#�$.f! DD4,_J.%92I! 6H! FKU$bw!
L�f."$i.!
!



!
$
#
f
!

!

-+3(21!%"Z 
A+51H+BI!4O!)

#$!
L6,D+H6H1!26H1!4O!6LL16265B1!65)!+I4H4L1!152+B9D15H!+5!XJKJ!621!

L21I15H1)! +5! I(NV1BHI!(5)12! B45H24,! h5�$f/!*9+H1i! 65)!L24H1+5! B45)+H+45! h5�b/!
N,6BEi! 6H! N6I1,+51! h245)i! 65)! 6OH12! $b@)6:I! 4O! N1)! 21IH! hH2+653,1i.! U4H6,!
B(D(,6H+=1! 26H1! 4O! 6LL16265B1! 4O! )

#$!
L6,D+H6H1! 65)! (5,6N1,1)! L6,D+H6H1!

B45B15H26H+45!+5!XJKJ!621!L21I15H1)!6I!6216!(5)12!H91!B(2=1!h7]8i!Y!94(2I!L4IH!
)4I1!65)!I1L626H1)!+5!H91!#!O+2IH!94(2I!65)!H91!%!,6IH!451!hN6I1,+51!h*9+H1i!65)!
6OH12!$b@)6:I!4O!N1)!21IH!hN,6BEii.! 
K6H6! 621! ,16IH@I?(621! D165I! �! CPG.! 756,:[1I! *121! L12O42D1)! (I+53! ,+5162!
D+W1)!D4)1,!65)!IL1B+O+1)!9:L4H91I1I. 
6L�f.f&/!NL�f.f$/!BL�f.ff$!=I!N6I1,+51!+5!B45H24,!B45)+H+45!
)L�f.f&/!1L�f.f$/!OL�f.ff$!=I!=62+6H+45!+5!B45H24,!B45)+H+45!
3L�f.f&/!9L�f.f$/!+L�f.ff$!=I!N6I1,+51!+5!L24H1+5!B45)+H+45!
 



$#$!

H1 'H:!.-0*#%-%&!&,3#(B*&,%!-,'!(),(&,%3-%#),!#,!ZN[6!!
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P6B9! 656,:[1I! *121! L12O42D1)! +5! 16B9! D(IB,1/! G"=#.=) &"#$%"&8=! 65)! ='&$.=/! +5! 16B9!

B45)+H+45/! B45H24,! 65)! L24H1+5/! I1L626H1,:.! U9(I/! )(1! H4! 6! ,6BE! 4O! N+4LI+1I! O42! 16B9!
I(NV1BH! +5! 16B9! B45)+H+45/! *1! *121! 54H! 6N,1! H4! H1IH! H91! 1OO1BH! 4O! L24H1+5!

I(LL,1D15H6H+45!45!N1)!21IH!1OO1BH.!!
75!1W6DL,1!4O!*1IH125!N,4H!656,:[1/!MA0!1WL21II+45!+5!I4,1(I!D(IB,1!+I!L21I15H1)!+5!
-+3(21!%^7.!U91!=62+6H+45!4O!16B9!L24H1+5!1WL21II+45!+5!G"=#.=)&"#$%"&8=!65)!='&$.=!621!

L21I15H1)!+5!-+3(21!%^0.!
01)!21IH!)+)!54H!96=1!65:! +DL6BH!45!L24H1+5!B45B15H26H+45! +5!*1IH125!N,4H!656,:I+I!

L12O42D1)!45!G"=#.=)&"#$%"&8=!4O!I(NV1BHI!+5!B45H24,!B45)+H+45!hL�f.$f!O42!6,,!L24H1+5Ii.!
;5! L24H1+5! B45)+H+45/! 45,:! 8MU$! 65)! S\MFSC@#! +5B216I1)! I+35+O+B65H,:! h�".$|/!
$.$�f."! 6H! 0K8@%! =I! $.$�f.$! 6H! FKU$bw! L�f.f#! 65)! �$Y.%|/! f.Y�f.$! 6H! 0K8@%! =I!

f.^�f.$! 6H! FKU$bw! L�f.f#i.! F4*1=12/! *1! B6554H! I11! 65:! B96531I! +5! 8K#T/! 8MU$/!
-7UM$/!6,,!S\MFSC!L24H1+5I/!K>7U"/!MA0!65)!>7MKF!L24H1+5!B45B15H26H+45I!hL�f."&!
O42!6,,i!h-+3(21!%$0i.!!
7OH12! $b! )6:I! 4O! N1)! 21IH/! L24H1+5! B45B15H26H+45! 21D6+51)! (5B96531)! +5! ='&$.=! +5!
B45H24,!B45)+H+45/!1WB1LH!6!I+35+O+B65H! +5B216I1! +5!MA0!h�"#.%|/!$.&�f.#!6H!0K8@%!6H!
$.^�f.#! 6H! FKU$bw! L�f.f"i.! ;5! H91! I6D1! *6:/! +5! L24H1+5! B45)+H+45/! 54! L62H+B(,62!
=62+6H+45I!*121!O4(5)!+5!L24H1+5!1WL21II+45!+5!='&$.=!hL�f.%&!O42!6,,i.!!
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-+3(21! %^7Z! j1IH125! 0,4H! 656,:[1! 4O! MA0! 1WL21II+45! +5! I4,1(I!

D(IB,1! +5! B45H24,! B45)+H+45/! 6H! N6I1,+51! h0K8i! 65)! 6OH12! N1)! 21IH!
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B45)+H+45I!6H!N6I1,+51!h*9+H1i!65)!6OH12!$b!)6:I!4O!N1)!21IH!hN,6BEi.!!

K6H6!621!,16IH!I?(621!D165I!�!CPG.!
6L�f.f&/!NL�f.f$/!BL�f.ff$!=I!N6I1,+51!+5!B45H24,!B45)+H+45!
3L�f.f&/!9L�f.f$/!+L�f.ff$!=I!N6I1,+51!+5!L24H1+5!B45)+H+45!
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;5! H91! B45H24,! B45)+H+45/! )1,H6! B4221,6H+45I! N1H*115! FKU! 65)! N6I1,+51! *121!

L12O42D1).!7!L4I+H+=1!B4221,6H+45!*6I!O4(5)!N1H*115!+5I(,+5!I15I+H+=+H:!+5)1W!+5!H91!
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S(2! IH():! H1IH1)! H91! +DL6BH! 4O! N1)! 21IH! 45! ,+L+)! D1H6N4,+ID! 65)! *91:! L24H1+5!
I(LL,1D15H6H+45!6I!B4(5H12D16I(21!636+5IH! H91!1OO1BHI!4O! I1=121!L9:I+B6,! +56BH+=+H:!
+5)(B1)! N:! I+D(,6H1)! D+B24326=+H:.! ;5! L21=+4(I! N1)! 21IH! IH()+1I! N4H9! +5! D15! 65)!

*4D15!*+H9!)(26H+45!2653+53!O24D!Y!H4!bf!)6:I!h7,+N134=+B!1H!6,./!"ffbw!01,6=:!1H!6,./!
"f$fw!01234(+3565!1H!6,./!"ffTw!01234(+3565!1H!6,./!"ffbw!0+15I�!1H!6,./!"f$"w!0+4,4!1H!
6,./!"ff^w!0,65B!1H!6,./!$bb^w!8211!1H!6,./!"f$fw!F112!1H!6,./!"f$%w!;55+II!1H!6,./!"ffbi/!0G!
)1B216I1)! I+35+O+B65H,:! D4IH,:! )(1! H4! 6! )1B216I1! +5! --G.! ;5! H91! L21I15H! IH():/! +5!
B45H24,!B45)+H+45/!0G!)1B216I1)!65)!D(IB,1!6H24L9:!4BB(221)!6I!9+39,+39H1)!N:!H91!

)24L!+5!,13I!J0G.!!!
S2365!O6H!IH42631!*6I!6,I4!+DL6BH1)!N:!N1)!21IH.!J+=12!O6H!B45H15H!*6I!)1B216I1)!6OH12!

N1)! 21IH/! *9+B9! +I! (51WL1BH1)/! 6I! I1=126,! IH()+1I! 96=1! I94*5! 6! B6(I6,! 1OO1BH! 4O!
L9:I+B6,!+56BH+=+H:!+5!H91!)1=1,4LD15H!4O!R7-JK.!;5)11)/!B24II@I1BH+456,!IH()+1I!96=1!
I94*1)!6!5136H+=1! +5O,(15B1!4O!L9:I+B6,! +56BH+=+H:!45!R7-JK!L6H+15HI! h'1BH42!1H!6,./!

"f$$i/! N(H! 6,I4/! +5! 65+D6,I/!*9+B9!L21I15H1)!65! +5B216I1)! O6HH:! ,+=12!*915!L9:I+B6,!
6BH+=+H:! +I! )1B216I1)! hJ+5)15! 1H! 6,./! "f$#w! '1BH42! 1H! 6,./! "ff^i.! G4214=12/! 9(D65!

IH()+1I!(I(6,,:!I94*!6!)1B216I1!+5!O6HH:!,+=12!42!L21=6,15B1!4O!R7-JK!*915!L9:I+B6,!
6BH+=+H:/! 21I+IH+=1!42!6124N+B!1W12B+I1! +I! +5B216I1)! hF622+I45!1H!6,./!"ffYw!A26I54OO!1H!
6,./!"ff^w!<1,N12@C63+/!"f$$i.!U4!4(2!E54*,1)31/! ,+=12! O6H!B45H15H!*6I!51=12!IH()+1)!
)(2+53! N1)! 21IH/! 94*1=12! )(2+53! H9+I! H91I+I!*1! +5=1IH+36H1)! H91! +DL6BH! 4O! L9:I+B6,!
+56BH+=+H:! 45! 91L6H+B! D62E12I/! IL1B+O+B! 4O! ,+=12! +5O,6DD6H+45.! j1! )1D45IH26H1)! 6!

I+35+O+B65H! +5B216I1! 4O! 91L6H+B! D62E12I! (5)12! I1=121! L9:I+B6,! +56BH+=+H:! H96H! *6I!
L21=15H1)!N:!65!+5B216I1)!L9:I+B6,!6BH+=+H:!h'()*+,,!1H!6,./!"f$%i.!;5!4(2!21I(,HI/!H91!
)1B216I1! +5! ,+=12! O6H! B45H15H! B4(,)! N1! 1WL,6+51)! N:! 65! 15123:! )1O+B+H! ,16)+53! H4! 65!
+5B216I1)!91L6H+B!4W+)6H+45.!;5!O6BH/!H4H6,!65)!)+1H62:!,+L+)!4W+)6H+45I!*121!+5B216I1)!
6OH12!N1)!21IH!)(2+53!H91!O+2IH!94(2I!2+39H!6OH12!H91!)4I1!65)!I4!*6I!6B1H6H1!4W+)6H+45!

65)!U87!B:B,1!6BH+=+H:!+5!L24H1+5!B45)+H+45.!7,I4/!H9+I!6(3D15H6H+45!4O!,+L+)!4W+)6H+45!
B4(,)! 26H912! N1! )(1! H4! 65! +5B216I1)! 91L6H+B! 4W+)6H+45! H965! D(IB,1! 4W+)6H+45/! 6I!

D(IB,1!O6H!B45H15H!+5B216I1)!+5!4(2!IH():!65)!I4D1!3151I!+5=4,=1)!+5!,+L+)!4W+)6H+45!
*121!)1B216I1)! +5! H91!D(IB,1.! ;5! O6BH/!65! +DL6+21)! ,+L+)!D1H6N4,+ID!L6H9*6:! +5! H91!
D(IB,1!B4(,)!,16)!H4!65!6BB(D(,6H+45!4O! ,+L+)I!N:L24)(BHI! +5!H91!D(IB,1!h84451:!1H!

6,./! "f$#i.! 7H! H91! 4LL4I+H1! 4O! H91! ,+=12/!D(IB,1! O6H! =62+6H+45! +5! 4(2! IH():! +I! 6BH(6,,:!
I(LL42H+53! L21=+4(I! IH()+1I! 45! H91! 1OO1BH! 4O! L9:I+B6,! +56BH+=+H:! 45!D(IB,1! I94*+53!

H96H!H91!,6BE!4O!6BH+=+H:!+I!+5)(B+53!I1=126,!B96531I!+5!D(IB,1!D1H6N4,+ID.!;5)11)/!Tf!
)6:I! 4O! N1)! 21IH! +5B216I1)! D(IB,1! O6H! B45H15H! +5! *4D15! 65)! I94*1)! 6! L4I+H+=1!
B4221,6H+45! N1H*115! +5H26D(IB(,62! ,+L+)I! 65)! N1)! 21IH! )(26H+45.! U9+I! B96531I! +5!

D(IB,1! O6H!*6I!6,I4!5136H+=1,:! B4221,6H1)!*+H9!L12B15H631!4O!L6,D+H6H1!4W+)6H+45.!7!
)1B216I1! +5! 3151I! +5=4,=1)! +5! ,+L+)! 4W+)6H+45! 65)! H265IL42H! +5! D(IB,1! ,+E1! JMJ/! 42!
-7U_8K#T/!8MU$!65)!8S\%/!N1B6(I1!4O!I1=121!L9:I+B6,!+56BH+=+H:!*6I!21IL45I+N,1!O42!
H9+I! +5B216I1! +5! D(IB,1! O6H! B45H15H! h01234(+3565! 1H! 6,./! "f$$w! 01234(+3565! 1H! 6,./!
"ffbi.!7,I4!6!O1*!D421!IH()+1I!O24D!"^!65)!&#!)6:I!4O!N1)!21IH!I94*1)!65!+5B216I1)!
+5H26D(IB(,62! O6H! B45H15H! h01,6=�! 1H! 6,./! "f$%w!0244EI! 1H! 6,./! "ff^i.!7,453!*+H9! H9+I!
)6H6/!CH1HH,12!1H!6,.!h"ff&i!)1IB2+N1)!65!+5B216I1)!+5H26D:4B1,,(,62!O6H!B45H15H!*915!

Tf9!N1)!21IH! +I!B4DN+51)!1+H912!*+H9!9+39! O6H!42!9+39!B62N49:)26H1I!)+1H! +5!916,H9:!
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D15! hCH1HH,12! 1H! 6,./! "ff&i.! U91! 6BB(D(,6H+45! 4O! D(IB,1! O6H! B45H15H! B65! 6,I4! N115!

1WL,6+51)!N:!6! I9+OH! +5! O+N12! H:L1! O24D!I,4*! H4! O6IH.! ;5! O6BH/! O6IH! H:L1!4O! O+N12I!96I!6!
)1B216I1)! ,+L+)!4W+)6H+45! 26H1! B4DL621)! H4! I,4*! H:L1!4O! O+N12! h>2+B9E4!1H! 6,./! "fffw!

F1,31!1H!6,./!$bbbi.!R1=12H91,1II/!+5!4(2!IH():/!0,4HH512!1H!6,.!h"f$%i!I94*1)!H96H!H91!
B96531! +5! O+N12! *6I! ?(+H1! ?(1IH+456N,1! h0,4HH512! 1H! 6,./! "f$%i.! K1L15)+53! 45! H91!
I1II+45/!H91!+DL6BH!4O!N1)!21IH!*6I!54H!H91!I6D1!45!D(IB,1!65)!H91!L24L42H+45!4O!O6IH!
65)!I,4*!O+N12I!=62:!+DL42H65H,:!+5!='&$.=!65)!G"=#.=)&"#$%"&8=.!!
7BB42)+53!H4!4(2!21I(,HI/!H91!=62+6H+45!4O!,+L+)I!IH42631!+5!)+OO1215H!42365I!H26)(B1)!6!

I9(OO,1! 4O! ,+L+)I! )(2+53! N1)! 21IH.! F4*1=12/! 54! 9:L12H2+3,:B12+)1D+6! *6I! )1IB2+N1)!
6OH12!N1)!21IH.!U9+I!+I!+5!B45H26)+BH+45!*+H9!L21=+4(I!21I(,HI!4NH6+51)!+5!*4D15!6OH12!

Tf!)6:I!4O!N1)!21IH!h01234(+3565!1H!6,./!"ffbi/!*9121!6!9:L12H2+3,:B12+)1D+6/!65)!65!
+5B216I1!+5!)+1H62:!RP-7I!*121!)1IB2+N1).!C1=126,!B6(I1I!B4(,)!1WL,6+5!H91I1!21I(,HI/!
,+E1!3216H12!,+L+)I!6NI42LH+45!O24D!15H124B:H1I!65)_42!6!)1B216I1)!B,16265B1!4O!U>I.!

7BH(6,,:/!+H!6LL1621)!H96H!6!3216H12!IL+,,4=12!4O!)+1H62:!RP-7I!*6I!4NI12=1)!6OH12!Tf!
)6:I! 4O! N1)! 21IH/! L24N6N,:! )(1! H4! 6! )1B216I1)!D(IB,1! (LH6E1! +5)(B1)!N:! 6! )24L! +5!

D(IB,1! JMJ! 1WL21II+45.! ;5! 4(2! IH():/! *1! 4NI12=1)! 54! L62H+B(,62! B96531I! +5! U>!
B45B15H26H+45/!N4H9!+5!8G!65)!D421!IL1B+O+B6,,:!+5!)+1H62:!8G/!I(331IH+53!54!B96531I!
+5!,+L+)I!6NI42LH+45!6OH12!H91!D16,.!U9+I!4NI12=6H+45!+I!6H!H91!4LL4I+H1!4O!H91!)1B216I1!
+5!)+1H62:!8G!O4(5)!+5!6BH+=1!I(NV1BHI!I1=121,:!)1H26+51)!O42!$!D45H9!h01234(+3565!1H!
6,./! "f$#6i.! 7! )24L! +5! RP-7I! B45B15H26H+45! *6I! IH+,,! 4NI12=1)! 6OH12! N1)! 21IH! 65)!

1IL1B+6,,:! H91! ,6IH! 94(2I! 4O! H91! H1IH.! 06I1)! H91! ,+H126H(21! h01234(+3565! 1H! 6,./! "ffbw!
'6D4I@'4D65! 1H! 6,./! "f$"i/! *1! B4(,)! I(331IH! 1+H912! 65! +5B216I1)! RP-7! (LH6E1! N:!
L12+L9126,!H+II(1!65)_42!6!,+D+H6H+45!4O!6)+L4I1!H+II(1!RP-7I!21,16I1.!;5!4(2!B6I1/!65!
+DL42H65H! +5B216I1!4O! +5I(,+5!B45B15H26H+45!*6I!4NI12=1)!H91! ,6IH!94(2I!4O! H91! H1IH/!
65)! +5I(,+5! +I! E54*5! H4! ,+D+H!RP-7I! 21,16I1!N:! 6)+L4I1! H+II(1! 65)! +5B216I1!D(IB,1!

RP-7! (LH6E1.! 7I! 6! D6HH12@4O@O6BH/! '6D4I@'4D65! 1H! 6,.! h"f$"i! 96=1! I(331IH1)! 65!
+5B216I1)! L12+L9126,! H+II(1! (LH6E1/! N:! H91! ,+=12! 42! D(IB,1! O42! 1W6DL,1/! 65)! 6!
,+D+H6H+45!4O!6)+L4I1!H+II(1!,+L4,:I+I/!6,453!*+H9!6(3D15H1)!+5I(,+5!I1B21H+45!h'6D4I@
'4D65!1H!6,./!"f$"i.!-(2H912D421/!JMJ!1WL21II+45!+5!D(IB,1!)+)!54H!B96531/!*9+B9!)4!
54H! I(331IH! 65:! =62+6H+45! +5! 4O! RP-7! (LH6E1! N:! D(IB,1.! 01)! 21IH! )+)! 54H! +DL6BH!
)+1H62:! RP-7I! 1WB1LH! 65! +5B216I1! )1IB2+N1)! )(2+53! H91! O+2IH! 94(2I! 2+39H! 6OH12! H91!
D16,.!RP-7I!621!6,I4! H91!L2+5B+L6,!42+3+5!4O!XJKJ!I:5H91I+I! H924(39! H91! ,+=12.!P=15!

H94(39! RP-7I! B45B15H26H+45! )1B216I1)! 6OH12! N1)! 21IH/! XJKJ! B45B15H26H+45! )+)! 54H!
=62:.!7I!)+1H62:!RP-7I!*6I!54H!B96531)!6OH12!N1)!21IH/!*1!)+)!54H!4NI12=1!65!+DL6BH!
45! )+1H62:! XJKJ! B45B15H26H+45.! U91! I6D1! 4NI12=6H+45! *6I! 6,I4! D6)1! +5! 6BH+=1!

I(NV1BHI!)1H26+51)!O42!$!D45H9!h01234(+3565!1H!6,./!"f$#6i.!U4!1WL,6+5!H9+I!6NI15B1!4O!
=62+6H+45/!6I!,+=12!O6H!B45H15H!)1B216I1)/!+H!B4(,)!N1!)(1!H4!6!9+3912!,+=12!6BH+=+H:/!65)!

N:!H96H!6!9+3912!XJKJ!L24)(BH+45!H96H!D6+5H6+51)!H91!XJKJ!B45B15H26H+45!+5!L,6ID6.!
;5)11)/!,$)+'G'!,+L43151I+I!+I!H91!I1B45)!D4IH!+DL42H65H!I4(2B1!4O!XJKJ!6OH12!RP-7!
)(2+53! O1)! IH6H1! h06224*I! 1H! 6,./! "ffTi.! -+56,,:/! *+H9! 54! I(2L2+I1/! I1=121! L9:I+B6,!

+56BH+=+H:!)+)!54H!L62H+B(,62,:!+DL6BH!FKJ!65)!JKJ!B45B15H26H+45!1+H912.!U4!21I(D1/!
H91!=62+6H+45I!+5!,+L+)!H26OO+BE+53!+5!4(2!IH():!21=16,1)!H91!+DL,+B6H+45!4O!D(IB,1!65)!
,+=12!6H!)+OO1215H!,1=1,I!+5!,+L+)!D1H6N4,+ID.!
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K(2+53!I1=121!L9:I+B6,! +56BH+=+H:/!H91!)1=1,4LD15H!4O!65!+5I(,+5!21I+IH65B1!96I!N115!
)1IB2+N1)!+5!)+OO1215H!N1)!21IH!IH()+1I!O24D!Tf9!H4!Tf!)6:I!+5!N4H9!D15!65)!*4D15!
h01234(+3565!1H!6,./!"ffbw!CH1HH,12!1H!6,./!"ff&i!h7,+N134=+B!1H!6,./!"ffbw!0+15I�!1H!6,./!

"f$"w! 8211! 1H! 6,./! "f$fw!G6[[(BB4! 1H! 6,./! "f$fi.! F4*1=12! +5! 4(2! IH():/! 51+H912! H91!
1=4,(H+45! 4O! 3,(B4I1! 65)! +5I(,+5! H924(394(H! H91! H+D1! B4(2I1! 4O! H91! IH():/! 542! H91!
21I(,HI! O24D! H91! S>>U! )+)! 6,,4*! 9+39,+39H+53! B96531I! +5! 3,(B4I1! H4,1265B1.! ;5! 4(2!
IH():/!6I!54!B96531I!*121!O4(5)!+5!)Y!3,(B4I1!4W+)6H+45!6OH12!"$@)6:I!4O!N1)!21IH/!*1!
B45B,()1!H96H!*94,1@N4):!+5I(,+5!I15I+H+=+H:!+I!(5,+E1,:!D4)+O+1)!)(2+53!H91!N1)!21IH.!

R1=12H91,1II/! 6I! 3,(B4I1! 4W+)6H+45! *6I! )1B216I1)! +DL42H65H,:/! *1! IH+,,! I(IL1BH!
B96531I! +5! 3,(B4I1! 94D14IH6I+I! H96H! 511)! H4! N1! 9+39,+39H1).!7! B4DL626N,1! "$@)6:I!

N1)!21IH!IH():/!6,I4!42365+[1)!6H! H91!KJ'!O6B+,+H:! +5!>12D65:/!I94*1)!6!)1B216I1!4O!
H91!*94,1@N4):!+5I(,+5!I15I+H+=+H:!4O!H91+2!I(NV1BHI/!N(H!54H!91L6H+B!+5I(,+5!I15I+H+=+H:!
hF112! 1H! 6,./! "f$%i.! U91! 6NI15B1! 4O! +DL6+21)! +5I(,+5! I15I+H+=+H:! +5! 4(2! IH():! +I!

94*1=12!L24N6N,:!54H!)(1!H4!H91!N1)!21IH!)(26H+45.!;5!O6BH/!6!I942H12!N1)!21IH!4O!Tf9!
6,216):! I94*1)! 6! )1B216I1! +5! +5I(,+5! I15I+H+=+H:! hCH1HH,12! 1H! 6,./! "ff&i.! U91! I6D1!

4NI12=6H+45!*6I!O4(5)!6OH12!b!)6:I!4O!I1=121!L9:I+B6,!+56BH+=+H:!+5!I(NV1BHI!*94!96)!
6H! ,16IH! 451!L6215H!*+H9! H:L1!"!)+6N1H1I! 65)! H91+2! B45H24,! h7,+N134=+B! 1H! 6,./! "ffbi.!
U91I1! I(NV1BHI! 6,I4! N1B6D1! +5I(,+5! 21I+IH65H! L24N6N,:! )(1! H4! 6! )1B216I1! 4O! 6BH+=+H:!
65)! >J]U%! 1WL21II+45! +5! D(IB,1! ,16)+53! H4! 6! )1B216I1)! IH42631! 4O! 3,(B4I1! 6I!
3,:B4315.! S5! H91! B45H262:/! +5! 4(2! IH():/! 1WL21II+45! 4O! 3151I! +5=4,=1)! +5! +5I(,+5!

21I+IH65B1! L6H9*6:! 42! L24H1+5! B45B15H26H+45! *6I! 54H! )1B216I1)/! 1WB1LH! 6! I,+39H!
)1B216I1!+5!;'C$.!G(IB,1!)+)!54H!I94*!6!I+35!4O!+5I(,+5!21I+IH65B1!6I!L21I15H1)!+5!N1)!
21IH! IH()+1I! O24D! Y! )6:I! H4! Tf! )6:I! +5! N4H9! D15! 65)! *4D15! h01234(+3565! 1H! 6,./!
"ffbw!0+15I�!1H!6,./!"f$"w!G6[[(BB4!1H!6,./!"f$fi.!U91!L21I15H1)!IH()+1I!6,I4!I94*1)!
H91! I1HH,1D15H! 4O! +5I(,+5! 21I+IH65B1! 65)! )1B216I1)! +5I(,+5! I15I+H+=+H:! +5! L12+L9126,!

42365I/! ,+E1! +5! H91!D(IB,1! h01234(+3565! 1H! 6,./! "ffbw! 8211! 1H! 6,./! "f$fi! 42! H91! ,+=12!
h7,+N134=+B!1H!6,./!"ffbi.!R4!=62+6H+45!4O!O6IH+53!3,(B4I1!B45B15H26H+45!*121!)1IB2+N1)!

+5! 4(2! IH():/! I4! N:!)1)(BH+45/! +5I(,+5! I15I+H+=+H:! 4O! H91! ,+=12!*6I!54H! +DL6BH1).!j1!
B4224N426H1)! H9+I! 9:L4H91I+I! *+H9! H91! B6,B(,6H+45! 4O! ,+=12! +5I(,+5! I15I+H+=+H:! (I+53!
S>UU!3,(B4I1!65)!+5I(,+5!B45B15H26H+45!N6I1)!45!H91!1?(6H+45I!O24D!7N)(,@>965+!1H!

6,.!"ffY.!;5)11)/!I1=121!L9:I+B6,!+56BH+=+H:!)+)!54H!)1B216I1!,+=12!+5I(,+5!I15I+H+=+H:!6I!
1WL1BH1)!65)!51+H912!)+)!D(IB,1!+5I(,+5!I15I+H+=+H:!h7N)(,@>965+!1H!6,./!"ffYi.!!

-+56,,:/! *1! B4DL,1H1)! H91! +5=1IH+36H+45! 45! ,+L+)!D1H6N4,+ID! 65)! +5I(,+5! I15I+H+=+H:!
*+H9!+5O,6DD6H+45!D16I(21I.!7OH12!N1)!21IH/!54!L62H+B(,62!B96531I!+5!4W+)6H+=1!IH21II!
42!91L6H+B!L,6ID6!D62E12I!*121!)1IB2+N1).!U91I1!21I(,HI!621!+5!H4H6,!4LL4I+H+45!*+H9!

H91! IH()+1I!L21I15H1)! +5! H91! O+2IH! 65)! I1B45)! B96LH12.! ;5! O6BH/!*1! I94*1)!6! IL1B+O+B!
+DL6BH!4O!I1=121!L9:I+B6,!+56BH+=+H:!45!=+IO6H+5!65)!I1=126,!91L6H+B!D62E12I/!+5B,()+53!
,+=12!6D+54H265IO126I1!h'()*+,,!1H!6,./!"f$%i.!C1=126,!IH()+1I!96=1!6,I4!L21I15H1)!H91!
)1=1,4LD15H!4O!4W+)6H+=1!IH21II!6OH12!I+D(,6H1)!D+B24326=+H:!hG62362+H+I!1H!6,./!"ffbw!
M4*12I!1H!6,./!"f$"w!'4H9/!"ffYi.!;5!H91!I6D1!*6:/!+5!N1)!21IH/!+5O,6DD6H+45!D62E12I!
96=1! N115! I94*1)! H4! +5B216I1! 1=15! 6OH12! I942H! )(26H+45.! ;5)11)/! F4VNV1221! 1H! 6,.!
h"f$$i! I94*1)! 65! +5B216I1! 4O! 8@216BH+=! L24H1+5/! ;J@T/! G8M@$/! ;J@$f! 65)! UR-a! +5!

+5I(,+5!21I+IH65H!L6H+15HI!6OH12!45,:!$f!)6:I!4O!N1)!21IH!hF4VNV1221!1H!6,./!"f$$i.!;5!H91!



! $%%!

I6D1!*6:/!6OH12!$%!)6:I!4O!N1)!21IH/!8@216BH+=!L24H1+5!65)!L15H26W+5!#!96=1!+5B216I1)!

h04I(HH+! 1H! 6,./! "ff^i.!7,I4!K2(DD45)! 1H! 6,.! h"f$#i! I94*1)! 65! +5B216I1! 4O! ;JT! 65)!
UJ'%! 1WL21II+45! +5! D(IB,1! 6OH12! 45,:! Y! )6:I! 4O! N1)! 21IH! +5! 1,)12,:! L6H+15HI!

hK2(DD45)! 1H! 6,./! "f$#i.! U4! B45B,()1/! 6I! L21I15H1)! +5! H91I1! IH()+1I! 65)! H91!
+5H24)(BH+45!L62H/!H91!)1=1,4LD15H!4O!D1H6N4,+B!6,H126H+45I!+5!6!B45H1WH!4O!I+D(,6H1)!
D+B24326=+H:!*+,,!15965B1!H91!)1=1,4LD15H!4O!,4*@326)1!+5O,6DD6H+45.!U9(I!*1!*121!
1WL1BH+53! B96531I! +5! +5O,6DD6H+45/! N(H! 6I! 4(2! I(NV1BH! )+)! 54H! B,162,:! L21I15H!
D1H6N4,+B! 6,H126H+45I/! H91! 6NI15B1! 4O! B96531I! +5! +5O,6DD6H+45!D62E12I! O4,,4*I! 4(2!

6BH(6,!21I(,HI.!
!

U91! I1B45)! L62H! 4O! 4(2! IH():! B45I+IH1)! +5! H91! +DL6BH! 4O! *91:! L24H1+5!
I(LL,1D15H6H+45! 45! N1)! 21IH! 1OO1BH.! S5,:! 6! O1*! +DL6BHI! 4O! H91! 5(H2+H+456,!
B4(5H12D16I(21!*121!)1IB2+N1).!;5)11)/!L24H1+5!I(LL,1D15H6H+45!96)!65!+DL6BH!45!

N1)! 21IH! 1OO1BH! 45! L24H1+5! 4W+)6H+45/! N:! +5B216I+53! +H.! 75)! I1B45),:/! +5! L24H1+5!
B45)+H+45/! *1! 6,I4! I94*1)! 65! +5B216I1! +5! 3,(B4I1! B45B15H26H+45! 6OH12! N1)! 21IH.! 7!

21B15H! IH():/! 45! 6!$%@)!N1)! 21IH! I94*1)!6! I+35+O+B65H! +5B216I1! +5!L24H1+5! 4W+)6H+45!
6OH12!I1=121!L9:I+B6,!+56BH+=+H:!+5!I(NV1BHI!I(LL,1D15H1)!*+H9!*91:!L24H1+5I!hCH1+5!1H!
6,./!"ff#i.!U9+I!+5B216I1!*6I!1=15!3216H12!H965!B6I1+5!I(LL,1D15H6H+45/!1WL,6+51)!N:!
H91!26L+)!)+31IH+45!4O!1II15H+6,!6D+54!6B+)I!B45H6+51)!+5!*91:!L24H1+5I.!U9+I!O4,,4*I!
4(2!21I(,HI/!6I!6!I+35+O+B65H!+5B216I1!+5!L24H1+5!4W+)6H+45!*6I!6,216):!O4(5)!H91!O+2IH!

94(2I!2+39H!6OH12!H91!D16,!+531IH+45!+5!H91!I(LL,1D15H1)!L62H+B+L65HI.!U91!+DL6BH!4O!
*91:! L24H1+5! I(LL,1D15H6H+45! 45! 3,(B4I1! 4W+)6H+45! 96I! 54H! N115! L62H+B(,62,:!
IH()+1).! R1=12H91,1II/! 6I! *91:! L24H1+5! +5H6E1! 96I! N115! I94*5! H4! +5B216I1! +5I(,+5!
I1B21H+45w! +H! I94(,)! )1B216I1! 3,(B4I1! B45B15H26H+45! hU(2512! 1H! 6,./! "f$&i.!F4*1=12/!
H91!4LL4I+H1!*6I!B,162,:!4NI12=1)!+5!4(2!IH():/!)(1!H4!6!)1B216I1)!3,(B4I1!4W+)6H+45/!

H96H!B4(,)!54H!D6+5H6+5!3,(B4I1!B45B15H26H+45.!S51!1WL,656H+45!O42!H91I1!B96531I! +I!
+5=4,=+53! H91! +I4B6,42+B! 21L,6B1D15H! 4O! O6H! N:! L24H1+5! +5H6E1! )(2+53! N1)! 21IH! +5!
L24H1+5! B45)+H+45.! M24H1+5! I(LL,1D15H6H+45! N1+53! 1(B6,42+B/! +H! N1B6D1! 511)1)! O42!
15123:.! ;5! O6BH/! U6LL:! 1H! 6,.! h$bb"i! I94*1)! H96H! 6D+54! 6B+)I! +5O(I+45! +5)(B1)! 65!
+5B216I1!+5!3,(B4I1!B45B15H26H+45/!)(1!H4!6!)1B216I1)!3,(B4I1!4W+)6H+45!hU6LL:!1H!6,./!
$bb%i.! U91:! B45B,()1)! H96H! H91! L2+5B+L6,! *6:! 4O! 6D+54! 6B+)I! )1326)6H+45! *6I!
H924(39!5143,(B43151I+I.!!

!
U91! 6NI15B1! 4O! *91:! L24H1+5! I(LL,1D15H6H+45! 1OO1BH! B4(,)! 6,I4! N1! )(1! H4! H91!
+I4B6,42+B! 21L,6B1D15H! 4O! O6H! N:! L24H1+5I.! ;5)11)/! +5! H91! ,+H126H(21! B4DL621)! H4!

9:L12B6,42+B!)+1HI/! +I4B6,42+B!)+1HI!96=1!N115!I94*5! H4!L21=15H! H91!)1=1,4LD15H!4O!
D1H6N4,+B!+DL6+2D15HI.!-42!1W6DL,1/!CD+H9!1H!6,.!h"f$#i!I94*1)!H96H!1=15!6OH12!$!)6:!

4O! 4=12O11)+53/! D15! 621! 6,216):! L21I15H+53! 65! +5B216I1)! +5I(,+5! 21I+IH65B1! 65)!
3,(B4I1! 26H1!4O! 6LL16265B1! B4DL621)! H4! 65! +I4B6,42+B! O11)+53! hCD+H9! 1H! 6,./! "f$#Ni.!
F4*1=12/!54!B96531I!+5!XJKJ�U>/!RP-7!42!N1H6@9:)24W:N(H:26H1!B45B15H26H+45!*121!

O4(5).! 75! +5B216I1! +5! )+1H! +5H6E1! 6,I4! +5B216I1)! UR-@21,6H1)! 6L4LH4I+I! ,+365)/!
B4DL621)!H4!1(B6,42+B!)+1H!65)!9:L4B6,42+B!)+1H!h0+4,4!1H!6,./!"f$"i.!U91:!6,I4!I94*1)!
54! B96531I! +5! -G! 65)! ,1LH+5! B45B15H26H+45! +5! L62H+B+L65HI! *+H9! 1(B6,42+B! )+1H.!
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-(2H912D421/!j1+3,1!1H!6,.!h"ff&i!IH+,,!I94*1)!65!+5B216I1)!+5I(,+5!I1B21H+45!65)!H9(I!
I6H+1H:!*+H9!65!+I4B6,42+B!21L,6B1D15H!4O!O6H!N:!L24H1+5I!hO24D!$&|!H4!#f|i!hj1+3,1!
1H! 6,./! "ff&i.! R4H! 6,,! IH()+1I! 621! I94*+53! )+OO1215B1I! N1H*115! +I4B6,42+B! 65)!

9:L12B6,42+B!)+1H!)1L15)+53!+O!O6H!42!B62N49:)26H1I!621!+5B216I1).!;5)11)/!7)4B9+4!1H!
6,.!h"ffbi!I94*1)!65!+5B216I1!4O!+5I(,+5/!O211@O6HH:!6B+)I!65)!U>!B45B15H26H+45!45,:!+5!
I(NV1BHI!O1)!*+H9!9+39!B62N49:)26H1I!)+1H!hTf|i/!B4DL621)!H4!6!9+39!O6H!)+1H!h&f|i!
65)! +I4B6,42+B! )+1H! h7)4B9+4! 1H! 6,./! "ffbi.! ;5! H91! I6D1!*6:/! 042H4,4HH+! 1H! 6,.! h"ffbi!
L21I15H1)! +5H121IH+53! 21I(,HI! *915! I(NV1BHI! 621! O1)! *+H9! 6! 9+39! O6H@9+39!

B62N49:)26H1I!)+1H!h"T|!O6H/!%f|!B62N49:)26H1I!65)!"%|!L24H1+5Ii!h042H4,4HH+!1H!6,./!
"f$$i.! ;5! O6BH/! B4DL621)! H4! +I4B6,42+B! )+1H/! 6! )1B216I1! +5! RP-7/! ,+L+)! 65)! L24H1+5!

4W+)6H+45!*121!)1IB2+N1).!F4*1=12/! +5H2691L6H4B:H1! ,+L+)I! IH+,,! +5B216I1).!06I1)!45!
H91I1! )6H6/! 6I! *91:! L24H1+5! I(LL,1D15H6H+45! )+)! 54H! B96531! B6,42+1! +5H6E1! +5! 4(2!
IH():/!*1!621! +5! ,+51!*+H9! H91!L21=15H+45!1OO1BH!4O! +I4B6,42+B!B6,42+1!21L,6B1D15H!45!

D1H6N4,+B!+DL6+2D15H.!!
;5! H91! +5H24)(BH+45! I1BH+45/! *1! I94*1)! H91! +5H121IH+53! 1OO1BH! 4O! *91:! L24H1+5!

I(LL,1D15H6H+45! 45! I1=126,! )+OO1215H! D1H6N4,+B! )+I42)12IZ! +5I(,+5! 21I+IH65B1!
)1=1,4LD15H!hM6,!1H!6,./!"f$fi/!1BH4L+B!IH42631!4O! ,+L+)I!65)!L62H+B(,62,:! +5! H91! ,+=12!
h042H4,4HH+! 1H! 6,./! "f$$i/! 9:L12H2+3,:B12+)1D+6! h042H4,4HH+! 1H! 6,./! "f$$i! 65)! D(IB,1!
6H24L9:! hX4,L+! 1H! 6,./! "ff#i.! F4*1=12/! H91! ?(1IH+456N,1! 1OO1BH! 4O! H9+I! 5(H2+H+456,!
B4(5H12D16I(21! 45! D(IB,1! 6H24L9:! 26+I1I! H91! I(NV1BH! 4O! B4DN+5+53! 42! 54H! *91:!

L24H1+5!I(LL,1D15H6H+45!65)!1W12B+I1.!;5!O6BH/!+5!4(2!IH():/!D(IB,1!6H24L9:/!1=6,(6H1)!
*+H9! ,13I! J0G/!*6I! 54H! L21=15H1)! N:! H91! 5(H2+H+456,! B4(5H12D16I(21.! ;5! H91! I6D1!
*6:/! D(IB,1! O6H! B45H15H/! 65)! 6,I4! 3151I! 1WL21II+45! )1B216I1I! *121! 54H! L21=15H1)!
1+H912.!U91!,6BE!4O!D(IB,1!6BH+=+H:!B4(,)!N1!451!216I45!O42!1WL,6+5+53!H91I1!21I(,HI.!!
;5!4(2!IH():/!*1!)1IB2+N1)!6!)1B216I1!4O!3,(B4I1!4W+)6H+45!+5!O6=42!4O!,+L+)!4W+)6H+45!

H96H! *6I! 4NI12=1)! +5! N4H9! B45)+H+45I/! 21362),1II! H4! H91! *91:! L24H1+5!
I(LL,1D15H6H+45.!U9+I!I(331IHI!H96H!65!4(HI+)1!L626D1H12!B4(,)!96=1!+5O,(15B1)!H91!

6NI15B1!4O!N1)!21IH!1OO1BH!+5!D4IH!4O!H91!D1H6N4,+B!=62+6N,1I!65)!+5)(B1)!51*!451I!+5!
H91! I(NV1BHI! +5! N4H9! B45)+H+45I.! 7I! IL1B+O+1)! +5! H91! D1H94)4,43:! L62H/! H91! 6BH(6,!
21B4DD15)6H+45I! 4O! L24H1+5! +5H6E1! 621! 4O! f.^3_E3_)6:.! R1=12H91,1II/! +5! H91!

,+H126H(21/! +H!96I!N115!I(331IH1)!H96H! H91!?(65H+H:! +I!54H!I(OO+B+15H! H4! O+,,! H91!L24H1+5!
21?(+21D15HI/! 1IL1B+6,,:! +5! H91!B6I1!4O! 216,!42! I+D(,6H1)!D+B24326=+H:! hF(D6:(5!1H!

6,./!"ffYi.!;5!O6BH/!6BB42)+53!H4!6!21B15H!L6L12!*2+HH15!N:!CH1+5!1H!0,65B!h"f$$i/!54H!6,,!
IH()+1I! H1IH+53! 65! +5B216I1)!L24H1+5!)+1H/! I94*1)! 6! I+35+O+B65H! +DL6BH! 45!D1H6N4,+B!
=62+6N,1I!hCH1+5!1H!6,./!"f$$i.!S(H!4O!H9211!IH()+1I/!+H!B6D1!4(H!H96H!*915!I(NV1BHI!96=1!

6! N6I1,+51! L24H1+5! +5H6E1! 4O! $."3_E3_)6:/! L24H1+5! I(LL,1D15H6H+45! 96I! 54!
I(LL,1D15H6,!N151O+H/!N1B6(I1!H91:!6,216):!216B91)!H91+2!L24H1+5!21?(+21D15HI.!S(2!
21I(,HI!O4,,4*!H9+I!9:L4H91I+I/!*+H9!6!L24H1+5!+5H6E1!4O!$."3_E3_)6:!6H!N6I1,+51!L12+4)!
65)! +5! H91! B45H24,! B45)+H+45! )(2+53! N1)! 21IH! L12+4)/! 65)! (L! H4! $.^3_E3_)6:! +5! H91!
L24H1+5!B45)+H+45/!*+H9!6!I(LL,1D15H6H+45!+5!*91:!L24H1+5I.!;5!O6BH/!N1I+)1!H91!1OO1BH!
4O!L24H1+5!I(LL,1D15H6H+45!+5!H4H6,!L24H1+5I!4W+)6H+45!65)!3,(B4I1!B45B15H26H+45/!54!
4H912!B96531I!*121!)1IB2+N1).!7!L4+5H!D(IH!IH+,,!N1!D6)1!(L45!H91!N6I1,+51!L24H1+5!

+5H6E1!4O!$."3_E3_)6:.!;5!O6BH/!65!+DL24=1D15H!4O!,+=12!O6H!B45H15H!96I!N115!D6)1!+5!



! $%T!

4(2! I(NV1BHI!(5)12! I1=121!L9:I+B6,! +56BH+=+H:/! 1=15! H94(39!*1!E54*! H96H! I1)15H62:!

,+O1IH:,1! B65! 63326=6H1! H91! )1=1,4LD15H! 4O! ,+=12! IH16H4I+I! h'1BH42! 1H! 6,./! "f$$i.!
R(H2+H+45!B4(,)!N1!H91!E1:!H4!H91!L21=15H+45!4O!D1H6N4,+B!+DL6+2D15HI.!P62,+12!+5!H91!

)+IB(II+45/! *1! I(331IH1)! 65! +5B216I1)! 91L6H+B! O6H! 4W+)6H+45.! ;5! O6BH/! +H! 96I! N115!
)1IB2+N1)!H96H!6!9+3912!L24H1+5!+5H6E1!B65!L24=4E1!65!+5B216I1!+5!,+L+)!4W+)6H+45!65)!
6!)1B216I1!+5!3,(B4I1!4W+)6H+45!h)1!j+H/!$bb^w!CH1L+15!1H!6,./!"f$fi!6I!4NI12=1)!+5!4(2!
21I(,HI.! 06I1)! 45! )1! j+H! 1H! 6,.! h"f$"i/! H91! 6II+D+,6H+45! N:! H91! ,+=12! 4O! L24H1+5!
I(LL,1D15H1)!21?(+21I!65!+5B216I1!4O!91L6H+B!,+L+)!4W+)6H+45/!H4!L24=+)1!D421!15123:!

h)1!j+H/!$bb^i.!U91!6(3D15H1)!4W+)6H+45!4O!,+L+)I!+5!H91!,+=12!*+,,!,16)!H4!6!)1B216I1!
+5!,+=12!O6H!B45H15H.!G4214=12/!H91!+DL6+21)!3,(B4I1!4W+)6H+45!B4(,)!6,I4!N1!)(1!H4!65!

6BB(D(,6H+45! 4O! N:L24)(BHI! 4O! ,+L+)I! H96H! I(LL21II! E1:! IH1LI! 4O! H9+I! L6H9*6:!
hR1*362)/! "f$"i.! ;5! O6BH/! H9+I! I())15! +5B216I1! +5! ,+L+)I! O,(W! *+,,! ,16)! H4! 6! 9+3912!
L24)(BH+45! 4O! B6H6N4,+B! +5H12D1)+6H1I! +5! H91! ,+=12! 65)! H91!D(IB,1! H96H! B65! )+IH(2N!

3,(B4I1!65)! +5I(,+5!6BH+45.! ;5! O+56,/! +H! B4(,)! ,16)! H4!6!)1B216I1! +5! +5I(,+5! I15I+H+=+H:.!
S(2!21I(,HI!O4,,4*!H96H!9:L4H91I+I!*+H9!H91!+5B216I1!4O!,+L+)!4W+)6H+45/!)(2+53!H91!O+2IH!

94(2I!6OH12!H91!D16,/!,16)+53!H4!6!)1B216I1!+5!3,(B4I1!4W+)6H+45.!7I!6!21I(,H/!*1!I6*!65!
+5B216I1!4O!N4H9!3,(B4I1!65)!+5I(,+5!B45B15H26H+45I!H91!,6IH!94(2I!4O!H1IH.!U4!B45B,()1!
45! H9+I!L62H/! H91! +I4B6,42+B! 21L,6B1D15H!4O! O6H!N:!L24H1+5! I(LL,1D15H6H+45!L24N6N,:!
L21=15H1)! H91! 1OO1BH! 4O! N1)! 21IH.! -(2H912D421/! *1! 6,I4! O4,,4*! H91! 9:L4H91I+I!
L24L4I1)!N:!CH1+5!1H!0,65B!h"f$$i!H96H!I(331IH1)!65!6NI15B1!4O!N1)!21IH!1OO1BH!*915!

N6I1,+51! L24H1+5! 21?(+21D15H! +I! 216B91)! hCH1+5! 1H! 6,./! "f$$i.! j1! IH+,,! 4NI12=1)! 6!
L4II+N,1! I1HH,1D15H! 4O! +DL6+21)! +5I(,+5! I15I+H+=+H:/! *+H9! 65! +5B216I1)! 91L6H+B! ,+L+)!
4W+)6H+45! ,16)+53! H4! 6! )1B216I1)! 3,(B4I1! 4W+)6H+45! 65)! 65! 6BB(D(,6H+45! 4O! ,+L+)!
+5H12D1)+6H1I!+5!H91!,+=12.!!!
!

U4!1WL,6+5!H91I1!(51WL1BH1)!21I(,HI/!6!L4+5H!6HH26BH1)!4(2!6HH15H+45!65)!B4(,)!1WL,6+5!
H91!6NI15B1!4O!N1)!21IH!1OO1BH.!7I!L21I15H1)! +5! H91!L6L12! +5!0(19,D1+12!1H!6,.!"f$%/!
L9:I+B6,!6BH+=+H:!,1=1,!4O!H91!I(NV1BHI!*6I!1=6,(6H1)!(I+53!IH1LI!B4(5H!h0(19,D1+12!1H!
6,./! "f$%i.! ;5! 6=12631/! +5! O211@,+=+53! B45)+H+45/! H91! I(NV1BHI! *6,E1)! 6LL24W+D6H1,:!
$ffff! IH1LI! L12! )6:.! K(2+53! N6I1,+51! L12+4)/! )(1! H4! H91! B45O+51D15H/! H91! I(NV1BHI!
)24LL1)! H4! #"ff! IH1LI! L12! )6:! +5! 6=12631.! 06I1)! 45! U()42@J4BE1! 1H! 6,.! "ff%/! H91!
I(NV1BHI! B65! N1! B,6II+O+1)! 6I! I1)15H62:! )(2+53! N6I1,+51! L12+4)! B4DL621)! H4! 6BH+=1!

)(2+53!O211@,+=+53!L12+4)!hU()42@J4BE1!1H!6,./!"ff%i.!U9+I!+DL42H65H!)24L!+5!L9:I+B6,!
6BH+=+H:!N1H*115!H91!H*4!IH631I!4O!H91!IH():!B4(,)!N1!I115!6I!6!L21B45)+H+45+53!H4!H91!
N1)! 21IH! O4,,4*+53!N6I1,+51!L12+4).!G4214=12/! H91!)1B216I1!N1H*115! O211@,+=+53! 65)!

N6I1,+51!L12+4)!+I!1=15!D421!+DL42H65H!H965!H91!451!N1H*115!N6I1,+51!65)!N1)!21IH!
L12+4)/! I(331IH+53! H96H! H91! 6)6LH6H+45! H4! N6I1,+51! L12+4)!*4(,)! 96=1!D421! +DL6BH!

H965!H91!6)6LH6H+45!H4!N1)!21IH.!G4214=12!6I!L21I15H1)!+5!U6N,1!T/!4(2!I(NV1BHI!96)!6!
|-G!D421! +DL42H65H! H965! L21=+4(I! IH()+1I.! ;5! O6BH/! +5! 6=12631! H91:! 96)! "%|! -G!
B4DL621)! H4! $Y.&|! +5! 6=12631! +5! 4H912! IH()+1I.! 7,453!*+H9! H91! L21B45)+H+45+53! H4!

L9:I+B6,!+56BH+=+H:!65)!H91!,1II!+DL42H65H!O+H51II!4O!H91!I(NV1BHI/!H91+2!21IL45I1!H4!N1)!
21IH! B4(,)! 96=1! N115! D+5+D+[1)! 42! 1=15! 6=4+)1).! U4! B4224N426H1! H9+I! 9:L4H91I+I/!
'G'!D16I(21D15HI!)(2+53!H91!*94,1!N6I1,+51!L12+4)!I94*!6!)1B,+51!O42!H91!*94,1!Y@



$%Y!

)6:I! L21! N1)! 21IH! L12+4).! POO1BH+=1,:/! H91! O+2IH! D16I(21! D6)1! 6H! 0K8@Y/! *915! H91!
I(NV1BHI!622+=1)!6H!H91!O6B+,+H:/!I94*1)!6!'G'!4O!Y.fTGQ_)!B4DL621)!H4!T.&TGQ_)!6H!
0K8@%.!

!
U4! 1WL,6+5! H91I1! (51WL1BH1)! 21I(,HI! +5! 4(2! N1)! 21IH! IH():/! *1! B4DL621)! H91!
B9626BH12+IH+BI! 4O! 4(2! IH():! *+H9! L21=+4(I! P(24L165! N1)! 21IH.! ;5! H96H! B45H1WH/! 6!
)+OO1215B1!511)I! H4!N1!(5)12,+51)Z! H91! =62+6H+45!4O! 15123:!N6,65B1.!S=12! 6! N1)! 21IH!
IH():/! 15123:! N6,65B1! =62+6H+45! B65! N1! B6,B(,6H1)! N6I1)! 45! -G! 65)! --G! ,4II.!

7II(D+53!H96H!H91!15123:!1?(+=6,15H!4O!O6H!D6II!65)!O6H!O211!D6II!*121!21IL1BH+=1,:!
#^.bGQ_E3! 65)! "#.&GQ_E3! hU21DN,6:! 1H! 6,./! $bb"i/! *1! *121! 6N,1! H4! B6,B(,6H1! H91!

15123:!N6,65B1!+5!GQ!O42!H91!*94,1!IH():.!U915/!*1!B4DL621)!+H!H4!L21=+4(I!N1)!21IH!
IH()+1I.!U4!542D6,+[1!H91!B4DL62+I45!6,,!15123:!N6,65B1!*121!6)V(IH1)!4=12!#f!)6:I!
hU6N,1!Ti.!7,,!IH()+1I!621!L21I15H+53!6!5136H+=1!15123:!N6,65B1!6OH12!N1)!21IH/!N(H!4(2!

IH():!+I!L21I15H+53!451!4O!H91!D4IH!+DL42H65H!)1O+B+HI!*915!IH65)62)+[1)!H4!#f!)6:I!
h@&f.&bGQi/!N(H!*+H9!65!6,D4IH!1?(+=6,15H!,4II!+5!-G!65)!--G!h@f.^fE3!=I!@f.^#E3i.!7I!

H91! 15123:! 1?(+=6,15H! 4O! -G! +I! 9+3912! H965! --G/! H91! B45H2+N(H+45! 4O! -G! +5! 15123:!
N6,65B1!=62+6H+45!+I!D421!+DL42H65H!H965!--G!h@T$.&|!=I!@#^.&|i.!7H!H91!4LL4I+H1/!+5!
4H912!IH()+1I/!--G!*6I!H91!L2+5B+L6,!B45H2+N(H42!H4!15123:!N6,65B1!)1B216I1/!1WB1LH!
O42!451!IH():!N(H!H91!15123:!N6,65B1!21D6+51)!6,D4IH!(5B96531)!h0+4,4!1H!6,./!"ffYi.!
U4! B4DL,1H1! H91I1! 4NI12=6H+45I! +5! 15123:!N6,65B1/!*1! B6,B(,6H1)! H91! O44)!?(4H+15H!

h-vi! O42! 16B9! I(NV1BHI/! N6I1)! 45! j1IH12H12L! h$bb#i! *42E/! 65)! B4DL621)! +H! H4!
21IL+26H42:! ?(4H+15H! h'vi! hj1IH12H12L/! $bb#i.! ;5! O6BH/! 91! 6II(D1)! H96H!*915! -v! +I!
9+3912!H965!'v/!+H!H26)(B1)!65!+5B216I1!4O!O6H!4W+)6H+45!+5H4!15123:/!*91216I!*915!'v!
+I! 9+3912! H965! -v/! L24H1+5I! 42! B62N49:)26H1I! 621! H265IO42D1)! +5! N4):! O6H.! j1!
L21I15H1)!H91!=6,(1I!+5!-+3(21!%b.!7I!*1!B65!I11/!+5!N4H9!N6I1,+51!L12+4)I!+5!B45H24,!

65)! L24H1+5! B45)+H+45I/! -v!*6I! 9+3912! H965! 'v/! I(331IH+53! H96H! 4(2! I(NV1BHI! *121!
N(25+53!O6H/!L24N6N,:!)(1!H4!6!)1B216I1)!O6H!+5H6E1!+5!B4DL62+I45!*+H9!H91!O211@,+=+53!

L12+4)! h#f|! =I! #%|! 21IL1BH+=1,:i.! U9+I! 6,I4! I94*I! H96H! 4(2! I(NV1BHI! *121! 54H!
6)6LH1)! H4! H91+2! O44)! B45I(DLH+45!)(2+53!0K8!L12+4).!K(2+53!FKU!L12+4)/! -v!*6I!
?(+H1! 1?(+=6,15H! H4! 'v/! N(H! *6I! IH+,,! 6! ,+HH,1! ,1II! +DL42H65H! H965! 'v.! 7BB42)+53! H4!

j1IH12H12L/! H9+I! I(331IH! H96H!*1!5162,:! 216B91)! H91!L12O1BH! N6,65B1/!*9121!51+H912!
3,:B4315!42! L24H1+5! IH42631!*121! (I1)! H4! L24)(B1! 15123:.! U9+I! -v_'v! B4DL62+I45!

)(2+53!FKU!L12+4)!I94*I!H96H!)(2+53!N1)!21IH!H91!I(NV1BHI!*121!L12O1BH,:!6)6LH1)!H4!
O44)!+5H6E1.!S(H!4O!H9+I!6IB12H6+5D15H/!*1!D+39H!I(331IH!H96H!6!H9+39!B45H24,!4O!15123:!
N6,65B1!*+H9!H91!B45H24,!4O!15123:!+5H6E1!B4(,)!L21=15H!H91!1OO1BH!4O!I1=121!L9:I+B6,!

+56BH+=+H:.!
7I!6!B45B,(I+45/!1=15!H94(39!H91!21I(,HI!4NH6+51)!)(2+53!H9+I!N1)!21IH!IH():!*121!54H!
1WL1BH1)/! H91:! 26+I1! 6! ,4H! 4O! +5H121IH+53! 65)! L4I+H+=1! ?(1IH+45I! 45! (5)12,:+53!
D1B965+IDI!+5=4,=1)!+5!D1H6N4,+B!)+I42)12I/!N(H!6,I4!45!H91!IH():!)1I+35!4O!N1)!21IH!
IH()+1I.!!!
!
!

!
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-+3(21!%bZ!-44)!?(4H+15H!h-v/!*9+H1i!65)!'1IL+26H42:!?(4H+15H!h'v/!N,6BEi!+5!N6I1,+51!h0K8i!65)!N1)!

21IH!hFKUi!L12+4).!
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U6N,1! TZ! P5123:! N6,65B1! =62+6H+45I! +5! T! )+OO1215H! N1)! 21IH! IH()+1I! +5!D15! B4DL621)! H4! H91!
L21I15H! IH():.!j1!L21I15H1)!|!4O! O6H!D6II! h-Gi! +5! H91! I(NV1BHI! 6H!N6I1,+51/! 15123:!N6,65B1!
hP0i_)6:! +5! H91! B45H24,! 324(L/! O6H!D6II! h-Gi/! O6H! O211!D6II! h--Gi! 65)! 15123:!N6,65B1! hP0i!
4=12!#f!)6:I!65)!O6H!D6II!h-Gi!B45H2+N(H+45!4=12!#f!)6:I!hGQi!65)!O+56,,:!H91!L12B15H631!4O!
O6H!D6II!h-Gi!B45H2+N(H+45.! 



! $&f!

2&3$.&(% #7&$ !
U91!(51WL1BH1)!21I(,HI!)1IB2+N1)!6OH12!"$!)6:I!4O!N1)!21IH!+5!4(2!IH():/!6,,4*1)!(I!H4!
L24L4I1!I1=126,!L12IL1BH+=1I!O42!O(H(21!IH()+1I!+5!I+D(,6H1)!D+B24326=+H:.!

-+2IH!4O!6,,/!I4D1!B4DL,1D15H62:!656,:[1I!*4(,)!L12D+H!(I!H4!N1HH12!(5)12IH65)!4(2!
21I(,HI.!-+2IH,:/!91L6H+B!,+L+)!4W+)6H+45!+I!+5B216I1)!6OH12!N1)!21IH!+5!4(2!IH():!*+H9!6!
N6I1,+51!L24H1+5! +5H6E1!4O!$."3_E3_)6:.!U4!B45O+2D! H9+I!9:L4H91I+I/!*1!621!34+53! H4!
D16I(21! N1H6@9:)24W:N(H:26H1! B45B15H26H+45.! ;5! O6BH/! ,+L+)! 4W+)6H+45! H924(39! H91!
,+=12!+I!L24)(B+53!H*4!)+OO1215H!L24)(BHIZ!B62N45!)+4W+)1!65)!N1H6@9:)24W:N(H:26H1.!

7I!,+=12!O6H!B45H15H!*6I!)1B216I1)!+5!4(2!IH():/!*1!I(331IH1)!65!+5B216I1!+5!91L6H+B!
4W+)6H+45.!j1!*+,,!N1!6N,1!H4!D16I(21!H91!L24L42H+45!4O!)+1H62:!,+L+)I!H96H!96I!N115!

4W+)+[1)! H924(39! H91! ,+=12/! N:! D16I(2+53! )1(H12+(D! 152+B9D15H! +5! N1H6@
9:)24W:N(H:26H1!O26BH+45I.!;H!*+,,!3+=1!(I!H91!L24L42H+45!4O!,+L+)I!4W+)+[1)!H96H!B6D1!
O24D!15)43154(I!,+L+)I!IH421)!+5!H91!,+=12!42!O24D!)+1H62:!42+3+5.!!

C1B45),:/! H4! B4DL,1H1! H91! IH():! 4O! ,+L+)! H26OO+BE+53/! *1! 621! B(2215H,:! )1=1,4L+53! 6!
H1B95+?(1! H4! D16I(21! H91! L24L42H+45! 4O! )+1H62:! ,+L+)I! B6LH(21)! N:! D(IB,1.! J+L+)!

4W+)6H+45!L6H9*6:!+I!+5=4,=+53!I1=126,!IH1LI!+5!H91!)1326)6H+45!L24B1II.!;H!B65!,16)!H4!
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Q6D6,())+5/!G./!026I+12/!7.!'./!'6ID(II15/!0.!0./!�!X4,L+/!P.!h"f$#i.!C942H@H12D!
N1)!21IH!+5B216I1I!UJ'%!65)!;J@T!1WL21II+45!+5!IE1,1H6,!D(IB,1!4O!4,)12!6)(,HI.!
D7) -) 6<;=8'&) F$9.&) 3+#$9%) *'7>) 6<;=8'&() ?0Lh#i/! '"$T@""#.! )4+Z!
$f.$$&"_6VL213(.fffY"."f$#!

K(265H1/! G.! h"ff^i.! M9:I+B6,! 65)! N+4D1)+B6,! B4(5H12D16I(21I! O42! IL6B1! 26)+6H+45!
2+IE.!e$8#=J<%8W#)Wf%)O$,8g8+8=J<$)6<;=8c()1Mh%i/!"%%@"&".!!



$&Y!

K(2N+5/!C.!G./!Q6BEI45/!Q.!'./!':65/!G.!Q./!>+3,+4HH+/!Q.!8./!7,*6:/!C.!P./!�!U4(/!Q.!8.!h"f$%i.!
'1I=126H24,! I(LL,1D15H6H+45!L21I12=1I! ,453! N451!D6II/!D+B24IH2(BH(21/! 65)!
IH2153H9!+5!9+5),+DN@I(IL15)1)!4,)!D6,1!26HI.! -)['+$)O8+$%)O$#"P()?/h$i/!#^@
%Y.!)4+Z!$f.$ffY_IffYY%@f$#@f%Tb@"!

P+5IH1+5/! 7.! Q./! F15[,4=6/! G.! Q./! �! '6V634L6,65/! C.! h"ffYi.! PIH+D6H+53! 2+IE! 4O! B65B12!
6II4B+6H1)! *+H9! 26)+6H+45! 1WL4I(21! O24D! T%@I,+B1! B4DL(H1)! H4D4326L9:!
B424562:!653+4326L9:.!-DOD()/KMh#i/!#$Y@#"#.!)4+Z!$f.$ff$_V6D6."b^.#.#$Y!

P=65I/!j.!Q./!04BB62)+/!X./!�!M64,+II4/!>.!h"f$#i.!M12IL1BH+=1Z!K+1H62:!L24H1+5!511)I!4O!
1,)12,:!L14L,1Z!L24H1+5!I(LL,1D15H6H+45!6I!65!1OO1BH+=1!IH26H13:!H4!B4(5H126BH!
I62B4L15+6.!-)D7)O$,)b8%)D=='J()12h$i/!TY@Tb.!!

-1+31/!Q.!R./!J634(31/!G./!865H4/!8./!CH219,1/!7./!F4(H15/!C.!G./!G+,51/!Q.!8./!J6DN12H/!M.!K./!
G6H6E+/!8./!P,,+4HH/!M.! Q./!�!7(*12W/! Q.! h"ff^i.! CL1B+O+B!C;'U$!6BH+=6H+45!D+D+BI!
,4*! 15123:! ,1=1,I! 65)! L24H1BHI! 636+5IH! )+1H@+5)(B1)! D1H6N4,+B! )+I42)12I! N:!
15965B+53! O6H! 4W+)6H+45.! *$&&) O$#"P() Mh&i/! #%Y@#&^.! )4+Z!
$f.$f$T_V.BD1H."ff^.f^.f$Y!

-12265)4/!7!7/!J651/!F!j/!�!CH(62H/!8!7.!h$bbTi.!M24,4531)!N1)!21IH!)1B216I1I!IE1,1H6,!
D(IB,1! 65)! *94,1! N4):! L24H1+5! I:5H91I+I! �! P5)4B2+54,43:! 65)! G1H6N4,+ID.!
D7$%8J"+)-'.%+"&)'W)><;=8'&'9;U)$+,'J%8+'&'9;)"+,)7$#"P'&8=7.!!

-12265)4/!7.!7./!M6))45@Q451I/!K./!F6:I/!R.!M./!A42H1N1+5/!M./!'45I15/!S./!j+,,+6DI/!'.!F./!
GB84DN/! 7./! C:D45I/! U.! 0./! j4,O1/! '.! './! �! P=65I/! j.! h"f$fi.! P77!
I(LL,1D15H6H+45!H4!+5B216I1!5+H24315!+5H6E1!+DL24=1I!D(IB,1!O(5BH+45!)(2+53!
N1)!21IH!+5!H91!1,)12,:.!*&8+)@.#%()/Kh$i/!$^@"#.!)4+Z!$f.$f$T_V.B,5(."ffb.f#.ffb!

-12265)4/! 7.! 7./! M6))45@Q451I/! K./! �! j4,O1/! '.! '.! h"ff"i.! 7,H126H+45I! +5! L24H1+5!
D1H6N4,+ID!)(2+53!IL6B1!O,+39H!65)!+56BH+=+H:.!@.#%8#8'+()1Mh$fi/!^#Y@^%$.!!

-1HHD65/!G.!Q.!h"fffi.!K+1H62:!+5IH16)!4O!L962D6B4,43+B6,!D65631D15H!H4!B4(5H12!H91!
6)=12I1! 1OO1BHI! 4O! L9:I+4,43+B6,! 6)6LH6H+45I! H4! IL6B1! O,+39H.! 6W&.9$%=) D%J<()
221hC$i/!'$&@'"f.!!

-26:5/! A.! R.! h$b^#i.! 86,B(,6H+45! 4O! I(NIH26H1! 4W+)6H+45! 26H1I! +5! =+=4! O24D! 36I14(I!
1WB96531.!-)D>>&)6<;=8'&)F$=>8%)Z+G8%'+)Zd$%J)6<;=8'&()LLh"i/!T"^@T#%.!!

-21+N12312/! P./! C+1N12/! 8./! �! MO1+O12/! A.! h"f$$i.! M9:I+B6,! 6BH+=+H:/! 1W12B+I1/! 65)!
I62B4L15+6! @! O(H(21! B96,,1531I.!!8$+)O$,)!'J<$+=J<%() 1S1h$Y@$^i/! %$T@%"&.!
)4+Z!$f.$ffY_I$f#&%@f$$@fff$@[!

-2+53I@G1(H915/!M./!0(19,D1+12/!Q./!061BE12/!R./!CH19,1/!M./!-+DD12I/!'./!G6:/!-./!A,(31/!
>./! �! F112/! G.! h"f$$i.! F+39! I4)+(D! B9,42+)1! +5H6E1! 1W6B12N6H1I!
+DD4N+,+[6H+45@+5)(B1)! N451! 21I42LH+45! 65)! L24H1+5! ,4II1I.! -) D>>&) 6<;=8'&)
R1KMLT()111h"i/!&#Y@&%".!)4+Z!$f.$$&"_V6LL,L9:I+4,.ff%&%."f$$!

>65V191+/!J./!G6II(D+/!7./!'6[6=+/!G./!�!j+,I45/!Q.!G.!h"f$"i.!S2H94IH6H+B!9:L4H15I+45!
6I!6!D65+O1IH6H+45!4O!=+H6D+5!0$"!)1O+B+15B:.!:$d)h$"%#)3+=#)-()?Kh&i/!Y""@Y"#.!!

>2115,16O/! Q! P/! C+,=12IH1+5/! J/! 0,+II/! Q/! J6531591+D/! X/! '4II45/! F/! �! 8964/! 8.! h$b^"i.!
M9:I+4,43+B6,!21IL45I1I!H4!L24,4531)!N1)!21IH!65)!O,(+)!+DD12I+45!+5!D65Z!!7!
B4DL15)+(D!4O!21I162B9!h$bY%!@!$b^fi.!!

>2+B9E4/!X.!M./!F1:*44)@844EI1:/!7./!A+))/!A.!'./!�!-+HHI/!'.!F.!h"fffi.!C(NIH26H1!L24O+,1!
+5!26H!I4,1(I!D(IB,1!O+N12I!6OH12!9+5),+DN!(5,46)+53!65)!O6H+3(1.!-)D>>&)6<;=8'&)
R1KMLT()MMh"i/!%Y#@%Y^.!!

F6/!P./!�!<1D1,/!G.!0.!h"ff#i.!-(5BH+456,!L24L12H+1I!4O!*91:/!*91:!B4DL4515HI/!65)!
1II15H+6,! 6D+54! 6B+)IZ! D1B965+IDI! (5)12,:+53! 916,H9! N151O+HI! O42! 6BH+=1!
L14L,1!h21=+1*i.!-)@.#%)[8'J<$7()12h&i/!"&$@"&^.!!

F6+)12/!U./!>(536/!F.!8./!G6HH1(BB+@>4H91/!'./!C4HH626/!P./!>2+1ID6B912/!7./!01,6=:/!K.!J./!
-1,I15N123/!K./!j12512/!7./!�!CB94N12IN12312/!j.!h"f$#i.!POO1BHI!4O! ,453@H12D!



! $&^!

916)@)4*5@H+,H! N1)! 21IH! 65)! )+OO1215H! H26+5+53! 213+D1I! 45! H91! B463(,6H+45!
I:IH1D!4O!916,H9:!D15.!6<;=8'&)F$>()1hTi/!1ff$#&.!)4+Z!$f.$ff"_L9:".$#&!

F62315I/!7.!'./!�!'+B962)I45/!C.! h"ffbi.!862)+4=6IB(,62!6)6LH6H+45I/! O,(+)!I9+OHI/!65)!
B4(5H12D16I(21I!21,6H1)!H4!IL6B1!O,+39H.!F$=>8%)6<;=8'&)@$.%'P8'&()1SK)4.>>&)1/!
C#f@##.!)4+Z!$f.$f$T_V.21IL."ffb.fY.ff&!

F622+I45/! CH1L915! 7/! �! K6:/! 892+IH4L912! M6(,.! h"ffYi.! 0151O+HI! 4O! ,+O1IH:,1!
D4)+O+B6H+45!+5!R7-JK.!5.#.!!

F6II,12/! K.! G./! <1+H,+5/! 8./! j+DD12@CB9*1+532(N12/! '.! -./! P921ID655/! 0./! '6OE+5/! C./!
P+315N24)1/!Q.!J./!02+5[6/!K.!P./!j1+3,1/!>./!04HHB912/!C./!049D/!P./!0(2D1+IH12/!C./!
>(4/!Q./!A49,12/!Q./!G62H+5/!8./!'1+H[/!>./!8(B+54HH6/!-.!7./!A+D/!G.!F./!>2+5IL445/!K./!
0(,,4BE/! G.! 7./! M4I512/! 7./! >4D1[@P,=+26/! Q./! X6I6=6)6/! 7./! >24H[+5312/! Q.! M./! �!
U16D/!G.!C.!J.!CB+15B1.!h"f$%i.!G62I�!I(2O6B1!26)+6H+45!15=+245D15H!D16I(21)!
*+H9! H91! G62I! CB+15B1! J6N426H42:�I! 8(2+4I+H:! 24=12.! 4J8$+J$() ?2?hT$Tbi/!
$"%%YbY.!)4+Z!$f.$$"T_IB+15B1.$"%%YbY!

F6IH+53I/! Q1OO21:!J/!A26+5IE+/!-1,+W/! C51,,/!M1H12!>/!M6B+5+/!P2+B!J/! Q6+5/!G65+I9/!091,,6/!
M6(,!C/!C9+N6H6/!C9+31E+/!-(/!v+/!M6,D12/!G!K165/!�!J1=+51/!015V6D+5!K.!h"f$"i.!
POO1BH! 4O! 24*+53! 1234D1H2:! 65)! 426,! =4,(D1! ,46)+53! 45! B62)+4=6IB(,62!
IH2(BH(21!65)!O(5BH+45!)(2+53!N1)!21IH.!-'.%+"&)'W)D>>&8$,)6<;=8'&'9;()11/h$fi/!
$Y#&@$Y%#.!!

F112/! G.! h"ff"i.! R(H2+H+456,! +5H12=15H+45I! 21,6H1)! H4! N451! H(254=12! +5! P(24L165!
IL6B1!D+II+45I!65)!I+D(,6H+45!D4)1,I.!@.#%8#8'+()1Mh$fi/!^&#@^&T.!!

F112/!G./!06+IB9/!-./!A24LL/!Q./!>12[12/!'./!�!K2(DD12/!8.!h"fffi.!F+39!)+1H62:!I4)+(D!
B9,42+)1! B45I(DLH+45!D6:! 54H! +5)(B1! N4):! O,(+)! 21H15H+45! +5! 9(D65I.!D7) -)
6<;=8'&)F$+"&)6<;=8'&()/\Mh%i/!-&^&@&b&.!!

F112/! G./! �! M6,4IE+/! j.! F.! h"ffTi.! CL6B1! D4H+45! I+BE51IIZ! +5B+)15B1/! 1H+4,43:/! 65)!
B4(5H12D16I(21I.! D.#'+) @$.%'=J8() 1/Kh$@"i/! YY@Yb.! )4+Z!
$f.$f$T_V.6(H51(."ffT.fY.f$%!

F112/!G62H+56/! 061BE12/!R6H6,+1/!j515)H/! CH1L965/! -+IB912/! 7551,+1/! 0+4,4/! >+655+/!�!
-2+53I@G1(H915/! M1H26.! h"f$%i.! F4*! O6IH! +I! 21B4=12:! 4O! +DL6+21)! 3,(B4I1!
H4,1265B1! 6OH12! "$@)6:! N1)! 21IH! hR]8! IH():i! +5! 916,H9:! 6)(,HI�!
4J8$+#8W8J!'%&,-'.%+"&()/012/!^f#f^#.!!

F1,31/!Q!j/!-26I12/!7!G/!A2+E1H4I/!7!K/!Q15E+5I/!7!0/!86,=12H/!>!K/!7:21/!A!Q/!�!CH42,+15/!J!
F.! h$bbbi.! ;5H1221,6H+45I9+LI! N1H*115!D(IB,1! O+N21! H:L1/! I(NIH26H1! 4W+)6H+45!
65)!N4):!O6H.!3+#E)-E)BP$=E)F$&"#E)O$#"PE)b8='%,E()/?hbi/!b^T@bb$.!!

F+,)12/! U.! J./! 0612/! J.! 7./! -(,,12/! M.!G./! -(,,12/! 8.! 7./! >2+5)1,65)/! '.! P./!j6)1/! 8.! P./! �!
>26=1I/!J.!G.!h"ff&i.!;5I(,+5@+5)1L15)15H!L6H9*6:I!D1)+6H+53!3,(B4I1!(LH6E1!
+5! 9+5),+DN@I(IL15)1)! IE1,1H6,! D(IB,1.! -) D>>&) 6<;=8'&) R1KMLT() KKhTi/! "$^$@
"$^^.!)4+Z!$f.$$&"_V6LL,L9:I+4,.ffY%#."ff&!

F4VNV1221/!J./!C4551/!G.!M./!7,+N134=+B/!7.!8./!R+1,I15/!R.!0./!K1,6/!-./!X663/!7./!02((5/!Q.!
G./! �! CH6,,E51B9H/! 0.! h"f$$i.! ;DL6BH! 4O! L9:I+B6,! +56BH+=+H:! 45! 6)+L4I1! H+II(1!
,4*@326)1! +5O,6DD6H+45! +5! O+2IH@)13211! 21,6H+=1I! 4O! H:L1! "! )+6N1H+B! L6H+15HI.!
b8"P$#$=)*"%$()?2h$fi/!""T&@""Y".!)4+Z!$f."##Y_)B$$@fT#$!

F4,+BE/!G.!-.!h$bb^i.!M12IL1BH+=1!45!H91!+DL6BH!4O!*1+39H,1II51II!45!B6,B+(D!65)!N451!
D1H6N4,+ID.!['+$()//h&!C(LL,i/!$f&C@$$$C.!!

F4D+BE/!Q!J.!h$bYbi.!CL6B1!D4H+45!I+BE51II.!DJ#")D=#%'+".#8J"()Sh$fi/!$"&b@$"Y".!!
F(D6:(5/!G.!7./!P,6534/!'./!06,,/!'.!S./!�!M15B962[/!M.!0.! h"ffYi.!'11=6,(6H+45!4O! H91!

L24H1+5! 21?(+21D15H! +5! :4(53!D15! *+H9! H91! +5)+B6H42! 6D+54! 6B+)! 4W+)6H+45!
H1B95+?(1.!D7)-)*&8+)@.#%()MSh%i/!bb&@$ff".!!



$&b!

;55+II/!7IH2+)!G/!'+B1/!062N626!J/!�!CD+H9/!CB4HH!G.!h"ffbi.!K+1H62:!C(LL42H!4O!J453@
K(26H+45!F16)@K4*5!01)!'1IH.!DG8"#)4>"J$)Z+G8%'+)O$,()M0h&i/!b@$%.!!

;I9+[6E+/! q./! ;I9+[6E+/! U./! -(E(4E6/! F./! A+D/! 8.! C./! -(V+H6/!G./!G6136*6/! q./! -(V+4E6/! F./!
A6HI(26/!U./!C([(E+/!q./!�!>(5V+/!7.!h"ff"i.!896531I!+5!D44)!IH6H(I!65)!51(24H+B!
,1=1,I!)(2+53!6!"f@)6:!N1)!21IH.!DJ#")D=#%'+".#()L0hYi/!%&#@%&b.!!

;*6I1/!C.!h"ff&i.!POO1BH+=151II!4O!B15H2+O(31@+5)(B1)!62H+O+B+6,!326=+H:!*+H9!1234D1H2+B!
1W12B+I1! 6I! 6! B4(5H12D16I(21! )(2+53! I+D(,6H1)! D+B24326=+H:! 1WL4I(21! +5!
9(D65I.!DJ#")D=#%'+".#8J"()L\h"@^i/!Y&@^f.!!

A+D/!F./!U6EI6,+/!C.!P/!K(O4(2/!C./!01O24:/!K./!>44)D65/!U.!'./!M1H12I15/!A.!-./!C9(,D65/!>.!
;./! 86L2+4/! C./!�!845IH6N,1/! '.! U.! h"ff^i.! 84DL626H+=1!G'! IH():!4O! 91L6H+B! O6H!
?(65H+O+B6H+45! (I+53! I+53,1@=4W1,! L24H45! IL1BH24IB4L:/! H*4@L4+5H! )+W45! 65)!
H9211@L4+5H!;KP7J.!O"9+E)F$='+E)O$,E()LKh#i/!&"$@&"Y.!!

A42:6E/!q.! h$bb&i.!845H26BH+,1!L24L12H+1I!4O! H91!9(D65! H2+B1LI! I(261!D(IB,1!)(2+53!
I+D(,6H1)!*1+39H,1II51II!Z.%'>$"+)X'.%+"&)'W)">>&8$,)><;=8'&'9;()\0/!#%%@#&f.!!

A26I54OO/!Q46551!0/!M6+5H12/!M6H2+B+6!J/!j6,,6B1/!Q651H!M/!06II/!R6H965!G/!�!G122+D65/!
'6L961,!0.!h"ff^i.!F16,H9@21,6H1)!O+H51II!65)!L9:I+B6,!6BH+=+H:!+5!L6H+15HI!*+H9!
5456,B494,+B!O6HH:!,+=12!)+I16I1.!h$>"#'&'9;()2\h%i/!$$&^@$$TT.!!

J651/!F.!j.!h$bb"i.!P5123:!21?(+21D15HI!O42!IL6B1!O,+39H.!-)@.#%()1//h$i/!$#@$^.!!
J651/!F.!j./! �! -11N6BE/! K.! J.! h"ff"i.! F+IH42:! 4O! 5(H2+H+45! +5! IL6B1! O,+39HZ! 4=12=+1*.!

@.#%8#8'+()1Mh$fi/!YbY@^f%.!!
J651/!F.!j./!J10,65B/!7.!K./!M(HB96/!J./!�!j9+HI45/!M.!7.!h$bb#i.!R(H2+H+45!65)!9(D65!

L9:I+4,43+B6,!6)6LH6H+45I!H4!IL6B1!O,+39H.!D7)-)*&8+)@.#%()LMh&i/!&^#@&^^.!!
J653/!U!-.!h"ffTi.!j96H!)4!*1!E54*!6N4(H!O26BH(21!2+IE!+5!,453@)(26H+45!IL6B1O,+39H�!-)

O.=J.&'=c$&$#)@$.%'+"&)3+#$%"J#()Sh%i/!#$b@#"$.!!
J653/! U./! J10,65B/! 7./! P=65I/! F./! J(/! q./! >1565H/! F./! �! q(/! 7.! h"ff%i.! 842H+B6,! 65)!

H26N1B(,62! N451! D+5126,! ,4II! O24D! H91! IL+51! 65)! 9+L! +5! ,453@)(26H+45!
IL6B1O,+39H.!-)['+$)O8+$%)F$=()1KhTi/!$ffT@$f$".!)4+Z!$f.$#&b_Q0G'.f%f#fY!

J6:51/! 8.! C./! G(,6=626/! 7.! M./! GBK456,)/! M.! X./! M2(1HH/! 8.! Q./! A4[,4=IE6:6/! ;.! 0./! �!
0,44DN123/!Q.!Q.!h"ff$i.!POO1BH!4O!,453@)(26H+45!IL6B1O,+39H!45!L4IH(26,!B45H24,!
)(2+53!I1,O@315126H1)!L12H(2N6H+45I.!-)D>>&)6<;=8'&)R1KMLT()K0h#i/!bbY@$ffT.!!

J16B9/!8.!C.!h$b^$i.!75!4=12=+1*!4O!H91!15)4B2+51!65)!D1H6N4,+B!B96531I!+5!D6551)!
IL6B1!O,+39H.!DJ#")D=#%'+".#()Mhb@$fi/!bYY@b^T.!!

J10,65B/! 7! K/! K2+IB4,/! U! 0/! C96BE1,O42)/! J! 8/! P=65I/! F! Q/! '+6545/! R! Q/! CD+H9/! C! G/!
-11N6BE/!K!J/!�!J6+/!K.!h"ff"i.!7,15)2456H1!6I!65!1OO1BH+=1!B4(5H12D16I(21!H4!
)+I(I1!+5)(B1)!N451!,4II.!-)O.=J.&'=c$&$#)@$.%'+"&)3+#$%"J#()/h%i/!##&@#%#.!!

J10,65B/!7.!K./!CL1BH42/!P.!'./!P=65I/!F.!Q./!�!C+N4536/!Q.!K.!h"ffYi.!CE1,1H6,!21IL45I1I!H4!
IL6B1! O,+39H! 65)! H91! N1)! 21IH! 656,43Z! 6! 21=+1*.! -) O.=J.&'=c$&$#) @$.%'+"&)
3+#$%"J#()\h$i/!##@%Y.!!

J10,65B/!7./!J+5/!8./!C96BE1,O42)/!J./!C+5+HI:5/!X./!P=65I/!F./!01,+B915E4/!S./!CB915ED65/!
0./! A4[,4=IE6:6/! ;./! S3654=/! X./! 06E(,+5/!7./!F1)2+BE/! U./!�! -11N6BE/!K.! h"fffi.!
G(IB,1! =4,(D1/! G';! 21,6W6H+45! H+D1I! hU"i/! 65)! N4):! B4DL4I+H+45! 6OH12!
IL6B1O,+39H.!-)D>>&)6<;=8'&)R1KMLT()MKhTi/!"$&^@"$T%.!!

J10,65B/!7./!CB951+)12/!X./!C96BE1,O42)/!J./!j1IH/!C./!S3654=/!X./!06E(,+5/!7./!�!X4245+5/!
J.!h"fffi.!0451!D+5126,!65)!,165!H+II(1!,4II!6OH12!,453!)(26H+45!IL6B1!O,+39H.!-)
O.=J.&'=c$&$#)@$.%'+"&)3+#$%"J#()1h"i/!$&Y@$Tf.!!

J11/!7.!G./!C965)6,6/!U./!R3(:15/!J./!G(9,96(I,12/!0.!C./!8915/!A.!G./!F4*1/!M.!'./!�!\+65/!
8.! Q.! h"f$%i.!POO1BHI!4O!21I=126H24,!I(LL,1D15H6H+45!45!N451!324*H9! +5!:4(53!
26HI! 65)! D+B2462B9+H1BH(21! 65)! 21D4)1,+53! +5! 631+53! 26HI.! @.#%8$+#=() Sh$"i/!
&^Y$@&^^Y.!)4+Z!$f.##bf_5(T$"&^Y$!



! $Tf!

J11/! C.!G./!G4421/!7.!K./!P=121HH/!G.!P./! CH15312/!G.!0./!�!M,6HHI/! C.!F.! h"f$fi.!7124N+B!
1W12B+I1! )1B45)+H+45+53! 65)! B4(5H12D16I(21I! )(2+53! N1)! 21IH.! DG8"#) 4>"J$)
Z+G8%'+)O$,()M1h$i/!&"@T#.!!

J+5)15/!G.!7./!G112I/!>.!G./!'(1N1,/!G.!J./! Q15E+5I/!R.!U./!044H9/!-.!j./!J6(39,+5/!G.!F./!
;N)69/!Q.!7./!U9:O6(,H/!Q.!M./!�!'1BH42/!'.!C.!h"f$#i.!F1L6H+B!IH16H4I+I!)1=1,4LD15H!
*+H9!O4(2!*11EI!4O!L9:I+B6,!+56BH+=+H:!+5!L21=+4(I,:!6BH+=1/!9:L12L963+B!SJPU-!
26HI.! D7) -) 6<;=8'&) F$9.&) 3+#$9%) *'7>) 6<;=8'&() ?02hbi/! 'YT#@YY$.! )4+Z!
$f.$$&"_6VL213(.ff&#Y."f$"!

G6B9+)6/! C/! �! 044H9/! -!j.! h"ff&i.! 896531I! +5! I+356,,+53!D4,1B(,1! ,1=1,I! +5! $f@)6:!
9+5),+DN!+DD4N+,+[1)!26H!D(IB,1I!@!G6B9+)6.!DJ#")><;=8'&'98J")=J"+,8+"G8J".!!

G62362+H+I/!;/!'4(II16(/!7!C/!G62+5+/!Q!-/!�!894L62)/!7.!h"ffbi.!K41I!65H+4W+)65H!I:IH1D!
6)6LH+=1!21IL45I1!6,,1=+6H1!21,6H1)!4W+)6H+=1!)6D631!*+H9!,453!H12D!N1)!21IH�!
*&8+)[8'J<$7()2/h%@&i/!#Y$@#Yb.!!

G62H[+=654(/!G./!06NN+BE/!G./!8434,+@>21(H12/!G./!�!F6DLL/!'.! h"ffTi.!G+B24326=+H:@
21,6H1)!B96531I! +5!3151!1WL21II+45!6OH12!I942H@H12D!1WL4I(21!4O!726N+)4LI+I!
H96,+656! B1,,! B(,H(21I.!6%'#'>&"=7"()//Kh"@%i/! $&&@$T".!)4+Z! $f.$ffY_IffYfb@
ffT@f"f#@$!

G6[[(BB4/! C626/! 734IH+5+/! -265B1IB4/! �! 0+4,4/! >+655+.! h"f$fi.! ;56BH+=+H:@D1)+6H1)!
+5I(,+5!21I+IH65B1!+I!6II4B+6H1)!*+H9!(L213(,6H1)!L24@+5O,6DD6H42:!O6HH:!6B+)I!
+5!9(D65!B1,,!D1DN2651I.!*&8+8J"&)@.#%8#8'+()/Kh#i/!#^T@#bf.!!

GB86224,,/!A.!>./!'4N+5I45/!K.!Q./!84(39,65/!7./!F16,:/!G./!A155:/!'.!7./!�!8(55+5396D/!8.!
h"f$"i.! X+H6D+5! K! 65)! 42H94IH6H+B! 9:L4H15I+45.!D9$)D9$8+9() 21hTi/! ^$f@^$#.!
)4+Z!$f.$fb#_631+53_6OIf^^!

GB>21342/!'.!7./!�!M4LL+HH/!C.!K.!h"f$#i.!G+,E!L24H1+5!O42!+DL24=1)!D1H6N4,+B!916,H9Z!6!
21=+1*! 4O! H91! 1=+)15B1.! @.#%) O$#"P) RC'+,T() 10h$i/! %T.! )4+Z! $f.$$^T_$Y%#@
YfY&@$f@%T!

G4DE15/! ;./! CH1=15I/! J./! 01234(+3565/! 7./! K1IL,65B91I/! K./! '()*+,,/! -./! 8912:/! ;./!
<6962+1=/!7./!<695/!C./!CH1+5/!U.!M./!C1N1)+4/! Q.!J./!M(V4I@>(+,,4H/!P./!-6,1DL+5/!G./!
C+D45/! 8./! 84W6D/! X./! 75)2+65V6O+5+45:/! U./! >6(?(1,+5@A4B9/! >./! M+B?(1H/! -./! �!
0,65B/! C.! h"f$$i.! '1I=126H24,! L21=15HI! H91! *6IH+53! )+I42)12I! 4O! D1B965+B6,!
(5,46)+53!N:!6BH+53!6I!6!L9:I+B6,!1W12B+I1!D+D1H+B!+5!H91!26H.!YD4Z[)-E()/Lh$fi/!
#T%T@#TTf.!!

G421:@F4,H45/! P.! './! �! >,4N(I/! '.! A.! h"ff"i.! F+5),+DN! (5,46)+53! 24)15H! D4)1,Z!
H1B95+B6,! 6IL1BHI.! -) D>>&) 6<;=8'&) R1KMLT() K/h%i/! $#TY@$#YY.! )4+Z!
$f.$$&"_V6LL,L9:I+4,.ffbTb."ff$!

G42365/!Q.!J./!<*62H/!C.!'./!F112/!G./!M,4(H[@C5:)12/!'./!P2+BI45/!A./!�!CD+H9/!C.!G.!h"f$"i.!
0451! D1H6N4,+ID! 65)! 5(H2+H+456,! IH6H(I! )(2+53! #f@)6:! 916)@)4*5@H+,H! N1)!
21IH.! -) D>>&) 6<;=8'&) R1KMLT() 11?h$fi/! $&$b@$&"b.! )4+Z!
$f.$$&"_V6LL,L9:I+4,.f$fT%."f$"!

G(+)/! C./! -241DD+53/! >.! './! 7,+/! 7.! G./! �! R6*6*+/! F.! h"f$#i.! ;5H12,1(E+5@T! 65)!
+5H12B1,,(,62!B1,,!6)91I+45!D4,1B(,1@$!1WL21II+45!21D6+5I!1,1=6H1)!+5!21=+=1)!
,+=1!15)4H91,+6,!B1,,I!O4,,4*+53!IL6B1O,+39H.!O"&";=)-)6"#<'&()?Lh"i/!$T&@$YT.!!

R62+B+/!G.!X./!�!)1!0412/!G.!K.!h"f$$i.!K+I(I1!4O!H91!D(IB(,4@IE1,1H6,!I:IH1D!+5!IL6B1!
65)!45! 162H9.!Z.%) -)D>>&)6<;=8'&()111h#i/! %f#@%"f.! )4+Z! $f.$ffY_Iff%"$@f$f@
$&&T@W!

R6=6I+4,6=6/! R.! G./! 8(IH6()/! G.! 7./! U4D+,4=IE6:6/! P.! C./! J62+56/! ;.! G./! G654/! U./!
>6(?(1,+5@A4B9/! >./! >962+N/! 8./! �! A4[,4=IE6:6/! ;.! 0.! h"f$$i.! J453@H12D! )2:!
+DD12I+45Z! 21=+1*!65)!L24IL1BHI.!Z.%)-)D>>&)6<;=8'&()111hYi/!$"#&@$"Tf.!)4+Z!
$f.$ffY_Iff%"$@f$f@$Y&f@W!



$T$!

R1*362)/!892+IH4L912!0.!h"f$"i.!;5H12L,6:!N1H*115!,+L+)I!65)!N265B91)@B96+5!6D+54!
6B+)I!+5!)1=1,4LD15H!4O!+5I(,+5!21I+IH65B1.!*$&&)O$#"P'&8=7()1Lh&i/!TfT@T$%.!!

S,+=1+26/!J.!M./!)1!Q1I(I/!'.!M./!04(,94I6/!'.!C./!G15)1I/!8.!G./!>546HH4/!G.!8./!J1D6+21/!K.!
8./!U426,,1I/!G.!0./!86=6,B65H1/!J.!R./!J:26/!7.!8./!�!J:26/!J.!>.!h"f$"i.!POO1BH!4O!I4:!
L24H1+5! I(LL,1D15H6H+45! +5! L6H+15HI! *+H9! B9245+B! 91L6H+H+I! 8Z! 6! 265)4D+[1)!
B,+5+B6,! H2+6,.! !'%&,) -) 5"=#%'$+#$%'&() 1Mh$^i/! ""f#@""$$.! )4+Z!
$f.#Y%^_*V3.=$^.+$^.""f#!

M6))45@Q451I/!K./!C91OO+1,)@G4421/!G./!8211/!G.!>./!F1*,+53I/!C.!Q./!762I,65)/!7./!j4,O1/!
'.!'./!�!-12265)4/!7.!7.!h"ffTi.!7H24L9:!65)!+DL6+21)!D(IB,1!L24H1+5!I:5H91I+I!
)(2+53!L24,4531)!+56BH+=+H:!65)!IH21II.! -)*&8+)Z+,'J%8+'&)O$#"P()K1h$"i/!%^#T@
%^%$.!)4+Z!$f.$"$f_VB."ffT@fT&$!

M6))45@Q451I/!K./!C91OO+1,)@G4421/!G./!]2N65/!'.!Q./!C65O42)/!7.!M./!762I,65)/!7./!j4,O1/!
'.! './! �! -12265)4/! 7.! 7.! h"ff%i.! PII15H+6,! 6D+54! 6B+)! 65)! B62N49:)26H1!
I(LL,1D15H6H+45! 6D1,+426H1I!D(IB,1! L24H1+5! ,4II! +5! 9(D65I! )(2+53! "^! )6:I!
N1)21IH.! -) *&8+) Z+,'J%8+'&) O$#"P() MKhbi/! %#&$@%#&^.! )4+Z! $f.$"$f_VB."ff#@
f#"$&b!

M6))45@Q451I/!K./!C942H/!A.!'./!86DLN1,,/!j.!j./!X4,L+/!P./!�!j4,O1/!'.!'.!h"ff^i.!'4,1!4O!
)+1H62:!L24H1+5!+5!H91!I62B4L15+6!4O!63+53.!D7)-)*&8+)@.#%()M\h&i/!$&T"C@$&TTC.!!

M6,/! C./! P,,+I/! X./! �! K96,+*6,/! C.! h"f$fi.! POO1BHI! 4O! *91:! L24H1+5! +I4,6H1! 45! N4):!
B4DL4I+H+45/! ,+L+)I/! +5I(,+5!65)!3,(B4I1! +5!4=12*1+39H!65)!4N1I1! +5)+=+)(6,I.!
[%)-)@.#%()102h&i/!Y$T@Y"#.!)4+Z!$f.$f$Y_CfffY$$%&$ffffbb$!

M6=:@J1! U2645/! 7./! F112/!G./! R62+B+/!G.! X./! '+HH*1312/! Q./! �! X125+E4I/! Q.! h"ffYi.! -24D!
IL6B1! H4! P62H9Z! 6)=65B1I! +5! 9(D65! L9:I+4,43:! O24D! "f! :162I! 4O! N1)! 21IH!
IH()+1I! h$b^T@"ffTi.! Z.%) -) D>>&) 6<;=8'&() 101h"i/! $%#@$b%.! )4+Z!
$f.$ffY_Iff%"$@ffY@f%Y%@[!

M1294515/!G.!7./!-265B4/!-./!J651/!J.!K./!0(BE1:/! Q.!8./!0,4D?=+IH/!8.!>./!<12*1E9/! Q.!P./!
M1I94BE/!'.!G./!j16H9126,,/!M.!U./!�!J1=+51/!0.!K.!h"ff$i.!862)+6B!6H24L9:!6OH12!
N1)!21IH!65)!IL6B1O,+39H.!-)D>>&)6<;=8'&)R1KMLT()K1h"i/!T%&@T&#.!!

M1H24=/! X.! G.! h"ff"i.! '6)+6H+45! 2+IE! )(2+53! ,453@H12D! IL6B1O,+39H.! D,G) 4>"J$) F$=()
?0h%i/!b^b@bb%.!!

M4*12I/! CB4HH! A/!j+33I/!G+B961,! M/! K(62H1/! Q4I1! 7/! <1231243,(/! 7!G(26H/! �! K1D+21,/!
F6:)62! 7.! h"f$"i.! G+H4B945)2+6,! I+356,+53! B45H2+N(H1I! H4! )+I(I1! D(IB,1!
6H24L9:.!D-6U)Z+,'J%8+'&'9;)"+,)O$#"P'&8=7()?0?h$i/!P#$@#b.!!

M(2):/! '.! P./! K(BE,1I/! C.! M./! A26(I1/!K.!R./! '(N126/! A.!G./!�! C626/!K.! h$bb^i.! POO1BH! 4O!
I+D(,6H1)!D+B24326=+H:!45!=6IB(,62! B45H26BH+,+H:.! -)D>>&)6<;=8'&)R1KMLT()MLh%i/!
$#fY@$#$&.!!

v(+55/!U.!Q./!CD+H9/!C.!j./!X24D65/!R.!0./!A12H[12/!'./!�!S,51:/!j.!0.!h$bb&i.!M9:I+4,43+B!
21IL45I1I! 4O! B62)+6B! L6H+15HI! H4! I(L+51/! 21B(DN15H/! 65)! (L2+39H! B:B,1!
1234D1H2:.!D%J<)6<;=)O$,)F$<"P8&()\Sh#i/!"&Y@"T$.!!

'6D4I@'4D65/!G.!7./!J6L+)4H/!C.!7./!M96+2/!'.!K./!�!M62EI/!P.!Q.!h"f$"i.!;5I(,+5!6BH+=6H+45!
4O!L,6ID6!5451IH12+O+1)!O6HH:!6B+)!(LH6E1!+5!D1H6N4,+B!I:5)24D1.!D%#$%8'=J&$%)
:<%'7P)a"=J)[8'&()?/h^i/!$Ybb@$^f^.!)4+Z!$f.$$T$_7UX07F7.$$"."&ff$b!

'6ID(II15/!0.!0./!U+LH45/!A.!K./!G+,,12/!C.!J./!j4,O/!C.!P./!�!j4,O1/!'.!'.!h"fffi.!75!426,!
1II15H+6,! 6D+54! 6B+)@B62N49:)26H1! I(LL,1D15H! 15965B1I! D(IB,1! L24H1+5!
656N4,+ID!6OH12!21I+IH65B1!1W12B+I1.!-)D>>&)6<;=8'&)R1KMLT()MMh"i/!#^T@#b".!!

'1BH42/!'!CB4HH/!�!U9:O6(,H/!Q495!M.!h"f$$i.!K41I!L9:I+B6,!+56BH+=+H:!B6(I1!5456,B494,+B!
O6HH:!,+=12!)+I16I1�!-'.%+"&)'W)D>>&8$,)6<;=8'&'9;()111hTi/!$^"^@$^#&.!!

'1BH42/!'.!C./!U9:O6(,H/!Q.!M./!J6:1/!G.!Q./!G422+I/!'.!U./!0421536II12/!C.!Q./!]LH12324=1/!>.!
G./!896E26=62H9:/!G.!X./!044H9/!-.!j./!�! ;N)69/! Q.!7.! h"ff^i.!81II6H+45!4O!)6+,:!



! $T"!

1W12B+I1! )26D6H+B6,,:! 6,H12I! L21B(2I42I! 4O! 91L6H+B! IH16H4I+I! +5! SHI(E6! J453@
P=65I! U4E(I9+D6! -6HH:! hSJPU-i! 26HI.! -) 6<;=8'&() LMShMH! $Yi/! %"%$@%"%b.! )4+Z!
$f.$$$#_VL9:I+4,."ff^.$&TY%&!

'1IB9E1/!G+,,62)!-/!0,44DN123/! Q6B4N! Q/!F62D/!K1N4269!J/!M6,4IE+/!j+,,+6D!F/!J6:51/!
8962,1I/!�!GBK456,)/!X12545.!h$bb^i.!M4IH(21/!,4B4D4H+45/!IL6H+6,!42+15H6H+45/!
65)!D4H+45!I+BE51II!6I!6!O(5BH+45!4O!IL6B1!O,+39H.![%"8+)F$=$"%J<)F$G8$A=()/Mh$@
"i/!$f"@$$Y.!!

'+HH*1312/! Q./! 01,,12/! >./! 72DN21B9H/! >./! G(,)12/! P./! 0(192+53/! 0./! >6IH/! ]./! K+D14/! -./!
CB9(N12H/!F./!)1!F665/!7./!CH131D65/!K.!-./!CB9+1II,/!F./!�!-1,I15N123/!K.!h"f$fi.!
M21=15H+45!4O!N451! ,4II!)(2+53!&T!)6:I!4O! IH2+BH!N1)! 21IH!N:! I+)1@6,H1256H+53!
21I+IH+=1! =+N26H+45! 1W12B+I1.! ['+$() 2Sh$i/! $#Y@$%Y.! )4+Z!
$f.$f$T_V.N451."ffb.f^.f&$!

'+HH*1312/!Q./!-24IH/!F.!G./!CB9+1II,/!F./!S9I9+D6/!F./!7,E512/!0./!U1IB9/!M./!�!-1,I15N123/!
K.!h"ff&i.!G(IB,1!6H24L9:!65)!N451!,4II!6OH12!bf!)6:I�!N1)!21IH!65)!H91!1OO1BHI!
4O! O,:*911,!21I+IH+=1!1W12B+I1!65)!L6D+)2456H1Z!21I(,HI! O24D!H91!JU0'!IH():.!
['+$()?ShTi/!$f$b@$f"b.!)4+Z!$f.$f$T_V.N451."ff%.$$.f$%!

'4H9/! P2+B9.! h"ffYi.! ;DD(51! 65)! B1,,! D4)(,6H+45! N:! 6D+54! 6B+)I.! *&8+)@.#%() /Sh&i/!
&#&@&%%.!!

'()*+,,/! -./! 01234(+3565/! 7./! >6IH1N4+I/! 8./! >6(?(1,+5@A4B9/! >./! J1O6+/! P./! 0,65B/! C./! �!
C+D45/! 8.! h"f$%i.! POO1BH! 4O! 15O42B1)!L9:I+B6,! +56BH+=+H:! +5)(B1)!N:!Tf@)6:!4O!
N1)!21IH!45!91L6H+B!D62E12I!4O!R7-JK!+5!916,H9:!542D6,@*1+39H!*4D15.!C8G$%)
3+#.!)4+Z!$f.$$$$_,+=.$"Y%#!

C6=62:@7([1,4(W/! ;./!G6351/!F./!G+35c/!8./!SN12,+/!G./!021(+,,c/!K./! -6(21/!G./!X+)6,/!A./!
M1224H/! G./! 'cD45)/! K./! 84DN621H/! J./! �! K62)1=1H/! K.! h"f$#i.! 7! )+1H62:!
I(LL,1D15H6H+45!*+H9!,1(B+51!65)!65H+4W+)65HI!+I!B6L6N,1!H4!6BB1,126H1!D(IB,1!
D6II!21B4=12:!6OH12!+DD4N+,+[6H+45!+5!6)(,H!26HI.!6C'4)B@Z()Mh$$i/!1^$%b&.!!

CB9D+HH/!K.!7./!CB9*62[15N123/!G./!UE6B[(E/!Q./!F1N262)/!C./!0265)15N12312/!>./!G6(B4/!
>./!8434,+@>21(H12/!G./!�!7NN6,/!G.!h"fffi.!F16)@)4*5!H+,H!N1)!21IH!65)!+DD(51!
21IL45I1I.!6W&.9$%=)D%J<()221h"@#!C(LL,i/!'Yb@^%.!!

CB951+)12/!C.!G./!7D451HH1/!j.!P./!0,6[+51/!A./!015H,1:/!Q./!J11/!C.!G./!J4192/!Q.!7./!G4421/!
7.! K./! Q2./! '6L,1:/! G./! G(,)12/! P.! './! �! CD+H9/! C.! G.! h"ff#i.! U26+5+53!*+H9! H91!
;5H1256H+456,! CL6B1! CH6H+45! +5H12+D! 21I+IH+=1! 1W12B+I1! )1=+B1.!O$,) 4J8) 4>'%#=)
Zd$%J()?Lh$$i/!$b#&@$b%&.!)4+Z!$f.$"%b_f$.GCC.fffffb#T$$.^^$b^.f^!

C16H45/! A+DN12,:! 7/! 04*+1/! A15)26! P/! �! C+L1I/! j6,H12! 7.! h"ffbi.! 0196=+426,! 65)!
LI:B94,43+B6,!+II(1I!+5!,453@)(26H+45!916)@)4*5!N1)!21IH.!DG8"#)4>"J$)Z+G8%'+)
O$,()M0h&!C(LL,i/!7&&@T$.!!

C96BE1,O42)/!J!8.!h"ff%i.!'1I+IH65B1!1W12B+I1!6I!6!B4(5H12D16I(21!H4!)+I(I1@+5)(B1)!
N451!,4II.!-'.%+"&)'W)D>>&8$,)6<;=8'&'9;()K\h$i/!$$b@$"b.!!

C96=12I/!G!'/!<6LL/!R/!062N12/!'!P/!j+,I45/!Q!j/!v(6,,I/!>/!U4(L1I/!J/!'6DI1:/!C/!X+5B+/!
X/! CD+H9/! >/! �! 8(B+54HH6/! -! 7.! h"ff%i.! ;DL,1D15H6H+45! 4O! 7J7'7! 26)+6H+45!
L24H1BH+45! 45! H91! ;CC! H924(39! L4,:1H9:,151! I9+1,)+53! 6(3D15H6H+45! 4O! H91!
C12=+B1!G4)(,1!821*!v(62H12I.!D,G"+J$=)8+)4>"J$)F$=$"%J<()?2hTi/!$###@$##Y.!!

C9(,[915E4/! P.! 0.! h$bY&i.! F(D65! I15I+H+=+H:! H4! 326=+H:! h45! H91! L24N,1D! 4O!
326=+L21O1215)(Di.!C8W$)4J8)4>"J$)F$=()1?/!#@b.!!

C+N4536/!Q!K/!P=65I/!F!Q/!C(53/!F!>/!CL1BH42/!P!'/!J653/!U!-/!S3654=/!X!C/!06E(,+5/!7!X/!
C96BE1,O42)/!J!8/!�!J10,65B/!7!K.!h"ffYi.!'1B4=12:!4O!IL6B1O,+39H@+5)(B1)!N451!
,4IIZ! N451! D+5126,! )15I+H:! 6OH12! ,453@)(26H+45! D+II+45I! 6I! O+HH1)! *+H9! 65!
1WL4515H+6,!O(5BH+45.!['+$()21hTi/!bY#@bY^.!!



$T#!

C+1=6515/! F.! h"f$fi.! ;DD4N+,+[6H+45! 65)! N451! IH2(BH(21! +5! 9(D65I.! D%J<) [8'J<$7)
[8'><;=()L0?h$i/!$%T@$&".!)4+Z!$f.$f$T_V.6NN."f$f.fY.ff^!

C+36()4@'4(II1,/! K4D+5+?(1/! 8(IH6()/! G62B@75H4+51/! G6+,,1H/! 7,6+5/! >}1,,/! 75H45+4/!
A6IL265IE+/! '(IH1D/!F(39I45/! '+B962)! J/! >962+N/! 8,6()1/!�! -42H26H/! Q6B?(1I@
S,+=+12.! h"ff$i.! F162H! 26H1! =62+6N+,+H:! 6OH12! L24,4531)! IL6B1O,+39HI.!Z.%'>$"+)
-'.%+"&)'W)D>>&8$,)6<;=8'&'9;()MSh#i/!"&^@"T&.!!

7II1IID15H! 4O! R(H2+H+456,! ;5H6E1! K(2+53! CL6B1! -,+39H! 65)! CL6B1! -,+39H! 756,43I/! "!
8453.!'1B.!!"Y@#%!!h"f$#6i.!

CD+H9/! C!G/! '+B1/! 0! J/! K,4(9:/! F/! �! <*62H/! C! '.! h"f$#Ni.! 7II1IID15H! 4O! R(H2+H+456,!
;5H6E1!K(2+53!CL6B1!-,+39H!65)!CL6B1!-,+39H!756,43I.!6%'J$,8")i)Y'',)4J8$+J$()
//!"Y@#%.!!

CD+H9/!C!G/!j6IH51:/!G!P/!G42(E4=/!0!X/!J62+56/!;!G/!R:?(+IH/!J!P/!7N26DI/!C!7/!U6265/!
P! R/! C9+9/! 8! q/! R+,,15/! Q! J/! K6=+I@CH211H/! Q! P/! '+B1/! 0! J/! �! J651/! F!j.! h$bbbi.!
86,B+(D!D1H6N4,+ID!N1O421/!)(2+53/!65)!6OH12!6!#@D4!IL6B1O,+39HZ!E+51H+B!65)!
N+4B91D+B6,!B96531I.!D7)-)6<;=8'&()/\\h$!MH!"i/!'$@$f.!!

CD+H9/!C.!G./!F112/!G.!7./!C96BE1,O42)/!J.!8./!C+N4536/!Q.!K./!M,4(H[@C5:)12/!J./!�!<*62H/!C.!
'.! h"f$"i.! 0151O+HI! O42! N451! O24D! 21I+IH65B1! 1W12B+I1! 65)! 5(H2+H+45! +5! ,453@
)(26H+45! IL6B1O,+39HZ! P=+)15B1! O24D! N+4B91D+IH2:! 65)! )15I+H4D1H2:.! -) ['+$)
O8+$%)F$=()/\hbi/!$^bT@$bfT.!)4+Z!$f.$ff"_VND2.$T%Y!

CD+H9/!C.!G./!GB84:/!U./!>6[)6/!K./!G42365/!Q.!J./!F112/!G./!�!<*62H/!C.!'.!h"f$"i.!CL6B1!
O,+39H! B6,B+(DZ! +DL,+B6H+45I! O42! 6IH2456(H! 916,H9/! IL6B1B26OH! 4L126H+45I/! 65)!
P62H9.!@.#%8$+#=()2h$"i/!"f%Y@"fT^.!)4+Z!$f.##bf_5(%$""f%Y!

CD+H9/!C.!G./!j6IH51:/!G.!P./!S�02+15/!A.!S./!G42(E4=/!0.!X./!J62+56/!;.!G./!7N26DI/!C.!7./!
K6=+I@CH211H/! Q.! P./! S3654=/! X./! �! C96BE1,O42)/! J.! 8.! h"ff&i.! 0451! D62E12I/!
B6,B+(D! D1H6N4,+ID/! 65)! B6,B+(D! E+51H+BI! )(2+53! 1WH15)1)@)(26H+45! IL6B1!
O,+39H! 45! H91! D+2! IL6B1! IH6H+45.! -) ['+$) O8+$%) F$=() /0h"i/! "f^@"$^.! )4+Z!
$f.$#&b_Q0G'.f%$$f&!

CD+H9/! C.! G./! <*62H/! C.! './! F112/! G.! 7./! 061BE12/! R./! P=65I/! F.! Q./! -1+=1I45/! 7.! F./!
C96BE1,O42)/! J.! 8./! �! J1N,65B/! 7.! K.! h"ffbi.! POO1BHI! 4O! 62H+O+B+6,! 326=+H:! )(2+53!
N1)!21IH!45!N451!D1H6N4,+ID!+5!9(D65I.!-)D>>&)6<;=8'&)R1KMLT()10\h$i/!%Y@&#.!
)4+Z!$f.$$&"_V6LL,L9:I+4,.b$$#%."ff^!

C4)+BEI45/!7./!061:15I/!M.!-./!75)2+4,1/!A.!M./!M21=1)1,,4/!J.!G./!R6*O1,/!'.!K./!F65I45/!'./!
�! A9426I65+/! '.! h"ffbi.! '1B(2215H! 8U/! B(D(,6H+=1! 26)+6H+45! 1WL4I(21/! 65)!
6II4B+6H1)!26)+6H+45@+5)(B1)!B65B12!2+IEI!O24D!8U!4O!6)(,HI.!F",8'&'9;()/L1h$i/!
$Y&@$^%.!)4+Z!$f.$$%^_26)+4,."&$$f^$"bT!

C45515O1,)/!>.!h$bbbi.!CL6B1!O,+39H/!D+B24326=+H:/!IH21II/!65)!+DD(51!21IL45I1I.!D,G)
4>"J$)F$=()/?h$"i/!$b%&@$b&#.!!

C45515O1,)/! >./! �! C916212/! j.! U.! h"ff"i.! ;DD(51! O(5BH+45! )(2+53! IL6B1! O,+39H.!
@.#%8#8'+()1Mh$fi/!^bb@bf#.!!

C4:I6,/!M./!q6:/!7./!�!;I+E/!7.!U.!h"f$%i.!K41I!=+H6D+5!K!)1O+B+15B:!+5B216I1!42H94IH6H+B!
9:L4H15I+45!2+IE!+5!H91!1,)12,:!L6H+15HI�!D%J<8G$=)'W)5$%'+#'&'9;)"+,)5$%8"#%8J=()
LKh$i/!Y%@YY.!!

CH1+5/!U!M.!h"fffi.!U91!21,6H+45I9+L!N1H*115!)+1H62:!+5H6E1/!1W12B+I1/!15123:!N6,65B1!
65)!H91!IL6B1!B26OH!15=+245D15H.!6W&.9$%=)D%J<()221h"@#!C(LL,i/!'"$@#$.!!

CH1+5/! U! M.! h"f$"i.! j1+39H/! D(IB,1! 65)! N451! ,4II! )(2+53! IL6B1! O,+39HZ! 654H912!
L12IL1BH+=1.!Z.%'>$"+)-'.%+"&)'W)D>>&8$,)6<;=8'&'9;()11?hbi/!"$Y$@"$^$.!!

CH1+5/!U.!M.!h"ff"i.!CL6B1!O,+39H!65)!4W+)6H+=1!IH21II.!@.#%8#8'+()1Mh$fi/!^TY@^Y$.!!
CH1+5/!U.!M./!�!0,65B/!C.!h"f$$i.!K41I!L24H1+5!I(LL,1D15H6H+45!L21=15H!D(IB,1!)+I(I1!

6H24L9:!65)!,4II!4O!IH2153H9�!*%8#)F$G)Y'',)4J8)@.#%()L1hbi/!^"^@^#%.!!



! $T%!

CH1+5/!U.!M./!K456,)I45/!G.!'./!J1IE+*/!G.!Q./!CB9,(H12/!G.!K./!06331HH/!K.!j./!�!04)15/!>.!
h"ff#i.!0265B91)@B96+5!6D+54!6B+)!I(LL,1D15H6H+45!)(2+53!N1)!21IHZ!1OO1BH!45!
21B4=12:.! -) D>>&) 6<;=8'&) R1KMLT() K2h%i/! $#%&@$#&".! )4+Z!
$f.$$&"_V6LL,L9:I+4,.ff%^$."ff"!

CH1+5/! U.! M./! CB9,(H12/!G.! K./! >6,65H1/! 7.! U./! C4H124L4(,4I/! M./! '6D+21[/!G./! 0+3N11/! 7./!
>2+5)1,65)/!'.!P./!�!j6)1/!8.!P.!h"ff&i.!POO1BH!4O!9+5)!,+DN!D(IB,1!(5,46)+53!45!
,+=12! D1H6N4,+ID! 4O! 26HI.! -) @.#%) [8'J<$7() 1Sh$i/! b@$T.! )4+Z!
$f.$f$T_V.V5(HN+4."ff%.fY.ff#!

CH1+5/!U.!M./!CB9,(H12/!G.!K./!�!G4,)6*12/!J.!J.!h$bbbi.!P5)4B2+51!21,6H+45I9+LI!)(2+53!
9(D65!IL6B1O,+39H.!D7)-)6<;=8'&()/\Sh$!MH!$i/!P$&&@$T".!!

CH1L+15/! G/! >6()+B945/! 8/! 7[[4(H@G625+B91/! K/! -24D15H+5/! >/! U4D1/! K/! �! P=15/! M.!
h"f$fi.! M4IHL265)+6,! R(H2+15H! M62H+H+45+53! N(H! R4H! P5123:! PWL15)+H(21! ;I!
G4)+O+1)!+5!>24*+53!'6HI!)(2+53!7)6LH6H+45!H4!6!F+39@M24H1+5!K+1H.!-'.%+"&)'W)
@.#%8#8'+()120h&i/!b#b@b%&.!!

CH1HH,12/! './! ;H9/! G./! 7B91I45/! A.! Q./! KcB4DN6[/! Q./! 041IB9/! 8./! U6LL:/! J./! �! 0+5512H/! 8.!
h"ff&i.! ;5H126BH+45! N1H*115! )+1H62:! ,+L+)I! 65)! L9:I+B6,! +56BH+=+H:! 45! +5I(,+5!
I15I+H+=+H:!65)!45!+5H26D:4B1,,(,62!,+L+)I!+5!916,H9:!D15.!b8"P$#$=)*"%$()/MhTi/!
$%f%@$%fb.!!

CH21II!896,,1531I!65)!;DD(5+H:!+5!CL6B1.!h"f$$i.!$@%T$.!!
CH(62H/!8.!7./!A+))12/!J.!C./!M+1H2[:E/!'.!7./!A,1+5/!>.!J./!�!C+DD45I/!K.!Q.!h$bb#i.!'6H!H6+,!

I(IL15I+45! B6(I1I! 6!)1B,+51! +5! +5I(,+5! 21B1LH42I.!Zd>):'d8J'&)6"#<'&()2Lh&@Ti/!
"b$@"b&.!)4+Z!$f.$f$T_Cfb%f@"bb#h$$i^f%fb@%!

CH(62H/! 8.! 7./! C965326*/! '.! P./! M1H12I/! P.! Q./! �! j4,O1/! '.! '.! h$bbfi.! POO1BH! 4O! )+1H62:!
L24H1+5!45!N1)@21IH@21,6H1)!B96531I!+5!*94,1@N4):@L24H1+5!I:5H91I+I.!D7)-)*&8+)
@.#%()L/h#i/!&fb@&$%.!!

C(53/!G./!J+/!Q./!CL+1E12/!7.!Q./!CL6H[/!Q./!P,,D65/!'./!-123(I45/!X.!J./!06H1D65/!U.!7./!'4I15/!
>.! K./! 04(WI1+5/! G./! �! '(HE4=1/! C.! 0.! h"f$#i.! CL6B1O,+39H! 65)! 9+5)! ,+DN!
(5,46)+53! +5)(B1! I+D+,62! B96531I! +5! 1,1BH2+B6,! +DL1)65B1! B9626BH12+IH+BI! 4O!
D4(I1! 36IH24B51D+(I! D(IB,1.! -)O.=J.&'=c$&$#) @$.%'+"&) 3+#$%"J#() 1?h%i/! %f&@
%$$.!!

C:D45I/!U.!0./!C91OO+1,)@G4421/!G./!89+5E1I/!K.!J./!-12265)4/!7.!7./!�!M6))45@Q451I/!K.!
h"ffbi.!72H+O+B+6,!326=+H:!D6+5H6+5I!IE1,1H6,!D(IB,1!L24H1+5!I:5H91I+I!)(2+53!"$!
)6:I! 4O! I+D(,6H1)! D+B24326=+H:.! -) D>>&) 6<;=8'&) R1KMLT() 10\h$i/! #%@#^.! )4+Z!
$f.$$&"_V6LL,L9:I+4,.b$$#Y."ff^!

U6LL:/! J./! 7B91I45/! A./! R42D65)/! C./! M6B9+6()+/! 8./! Q1?(+12/! P./! �! '+4(/! Q.! M.! h$bb%i.!
POO1BHI! 4O! 3,(B4I1! 65)! 6D+54! 6B+)! +5O(I+45! 45! 3,(B4I1! H(254=12! +5! +5I(,+5@
21I+IH65H!4N1I1!65)!H:L1!;;!)+6N1H+B!L6H+15HI.!O$#"P'&8=7()2?h%i/!%"^@%#%.!!

U+IB9,12/! G.! P./! �! C,15H[/! G.! h$bb&i.! ;DL6BH! 4O! *1+39H,1II51II! 45! D(IB,1! O(5BH+45.!
D454[)[.&&()Mh"i/!Y#@^$.!!

U4))/!M./!M1B6(H/!G.!Q./!�!-,1I9512/!G.!h$bbbi.!84DN+51)!1OO1BHI!4O!IL6B1!O,+39H!O6BH42I!
65)!26)+6H+45!45!9(D65I.!O.#"#)F$=()2?0h"i/!"$$@"$b.!!

U4(/! Q.! 8.! h"f$%i.! '1I=126H24,! I(LL,1D15H6H+45! 6OO1BHI! N451! 6B?(+I+H+45! 65)!
4IH14L424I+IZ!M21@B,+5+B6,!1=+)15B1!H4*62)!H265I,6H+456,!)+1H!H9126L:.![8'J<87)
[8'><;=)DJ#".!)4+Z!$f.$f$T_V.NN6)+I."f$%.$f.ff#!

U26LL1/!C./!84IH+,,/!K./!>6,,63912/!M./!82112/!7./!M1H12I/!Q.!'./!P=65I/!F./!'+,1:/!K.!7./!�!-+HHI/!
'.!F.!h"ffbi.!PW12B+I1!+5!IL6B1Z!9(D65!IE1,1H6,!D(IB,1!6OH12!T!D45H9I!6N462)!
H91!;5H1256H+456,!CL6B1!CH6H+45.!-)D>>&)6<;=8'&)R1KMLT()10Sh%i/!$$&b@$$T^.!)4+Z!
$f.$$&"_V6LL,L9:I+4,.b$&Y^."ff^!



$T&!

U26LL1/!U.!7./!0(2)/!R.!7./!J4(+I/!P.!C./!J11/!>.!7./!�!U26LL1/!C.!j.!h"ffYi.! ;5O,(15B1!4O!
B45B(2215H! 1W12B+I1! 42! 5(H2+H+45! B4(5H12D16I(21I! 45! H9+39! 65)! B6,O! D(IB,1!
I+[1! 65)! O(5BH+45! )(2+53! Tf! )6:I! 4O! N1)! 21IH! +5! *4D15.! DJ#") 6<;=8'&) RBdWT()
1K1h"i/!$%Y@$&b.!)4+Z!$f.$$$$_V.$Y%^@$Y$T."ffY.f$Y"^.W!

U26LL1/!U4))/!U26LL1/!CB4HH/!J11/!>62:/!j+)2+BE/!Q1OO21:/!-+HHI/!'4N12H/!�!84IH+,,/!K6=+).!
h"ffTi.!862)+421IL+26H42:!21IL45I1I!H4!L9:I+B6,!*42E!)(2+53!65)!O4,,4*+53!$Y!
)6:I! 4O! N1)! 21IH! 65)! IL6B1O,+39H! �! Q4(256,! 4O! 7LL,+1)! M9:I+4,43:.! -E) D>>&E)
6<;=8'&E()100h#i/!b&$@b&Y.!!

U21DN,6:/! 7/! K1IL2cI/! Q! M/! U9c2+6(,H/! >/! -4(25+12/! >/! �! 04(B962)/! 8.! h$bb"i.!
S=12O11)+53! 65)! 15123:! 1WL15)+H(21! +5! 9(D65I.!D7) -) *&8+)@.#%() LSh&i/! ^&Y@
^T".!!

U2()1,/! >./! 84,1HH6/! P./! 86D1245/! ;./! 01,6=:/! K.! J./! J1B4DLH1/! G./! 72DN21B9H/! >./!
-1,I15N123/! K./! �! ]9H94OO/! F.! A.! h"f$"i.! '1I+IH+=1! 1W12B+I1I/! *+H9! 42! *+H94(H!
*94,1!N4):!=+N26H+45/!L21=15H!=12H1N26,!D6224*! O6H! 6BB(D(,6H+45!)(2+53!Tf!
)6:I!4O!916)@)4*5!H+,H!N1)!21IH!+5!D15.!-'.%+"&)'W)D>>&8$,)6<;=8'&'9;()11/h$$i/!
$^"%@$^#$.!!

U()42@J4BE1/! 86H2+51/! �! 06II1HH/! Q2/! K6=+)! '.! h"ff%i.! F4*! D65:! IH1LI_)6:! 621!
154(39�!4>'%#=)O$,8J8+$()?2h$i/!$@^.!!

U(2512/! A.! G./! A1439/! Q.! 0./! �! 8,+OH45/! M.! G.! h"f$&i.! K6+2:! B45I(DLH+45! 65)! +5I(,+5!
I15I+H+=+H:Z!6! I:IH1D6H+B! 21=+1*!4O! I942H@!65)! ,453@H12D! +5H12=15H+45!IH()+1I.!
@.#%)O$#"P)*"%,8'G"=J)b8=()/Lh$i/!#@^.!)4+Z!$f.$f$T_V.5(D1B)."f$%.fY.f$#!
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Santé et de la Recherche Médicale (INSERM) U870/INRA 1235, Faculté de Médecine de Lyon Sud,
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ABSTRACT Long-term spaceflight induces hypokine-
sia and hypodynamia, which, along microgravity per se,
result in a number of significant physiological altera-
tions, such as muscle atrophy, force reduction, insulin
resistance, substrate use shift from fats to carbohy-
drates, and bone loss. Each of these adaptations could
turn to serious health deterioration during the long-
term spaceflight needed for planetary exploration. We
hypothesized that resveratrol (RES), a natural polyphe-
nol, could be used as a nutritional countermeasure to
prevent muscle metabolic and bone adaptations to 15 d
of rat hindlimb unloading. RES treatment maintained a
net protein balance, soleus muscle mass, and soleus
muscle maximal force contraction. RES also fully main-
tained soleus mitochondrial capacity to oxidize palmi-
toyl-carnitine and reversed the decrease of the glutathi-
one vs. glutathione disulfide ratio, a biomarker of
oxidative stress. At the molecular level, the protein
content of Sirt-1 and COXIV in soleus muscle was also
preserved. RES further protected whole-body insulin
sensitivity and lipid trafficking and oxidation, and this
was likely associated with the maintained expression of
FAT/CD36, CPT-1, and peroxisome proliferator-acti-
vated receptor-! coactivator-1" (PGC-1") in muscle.
Finally, chronic RES supplementation maintained the
bone mineral density and strength of the femur. For the
first time, we report a simple countermeasure that
prevents the deleterious adaptations of the major phys-
iological functions affected by mechanical unloading.
RES could thus be envisaged as a nutritional counter-
measure for spaceflight but remains to be tested in
humans.—Momken, I., Stevens, L., Bergouignan, A.,
Desplanches, D., Rudwill, F., Chery, I., Zahariev, A.,
Zahn, S., Stein, T. P., Sebedio, J. L., Pujos-Guillot, E.,

Falempin, M., Simon, C., Coxam, V., Andrianjafiniony,
T., Gauquelin-Koch, G., Picquet, F., Blanc, S. Resvera-
trol prevents the wasting disorders of mechanical un-
loading by acting as a physical exercise mimetic in the
rat. FASEB J. 25, 3646–3660 (2011). www.fasebj.org

Key Words: sedentary behavior ! polyphenol ! spaceflight
! weightlessness

The scientific results accumulated from the 40-yr
human spaceflight experience, including both short-
and medium-duration missions, have demonstrated
that spaceflight has a dramatic effect on almost all
physiological systems. Tension on the weight-bearing
components of the musculoskeletal system is greatly
reduced, as is the work required for movement. The
body responds to this muscle disuse by a remodeling of
the musculoskeletal system that has been found on all
flight missions with humans and with all ground-based
models, i.e., bed rest in humans and hindlimb unload-
ing in rats (1, 2). The major sites of the losses are the
muscles and bones with antigravity functions located in
the trunk and legs. Bone mineral density (BMD) is lost,
and fracture risk increases (1, 3). The loss of muscle
mass is responsible, at least in part, for the decrease in

1 These authors contributed equally to this work.
2 Correspondence: IPHC, CNRS 7178, Départements

d’Ecologie, Physiologie et Ethologie, 23 Rue Becquerel,
67087 Strasbourg, France. E-mail: stephane.blanc@iphc.
cnrs.fr
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This article includes supplemental data. Please visit http://

www.fasebj.org to obtain this information.
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muscle strength observed after spaceflight and is ac-
companied by a partial and progressive shift from
slow-twitch oxidative to fast-twitch glycolytic phenotypes
and decreased resistance to fatigue (4–6). Another
consequence of disuse consists of metabolic stress,
including the development of resistance to the effects
of insulin along with moderate hypercortisolemia (4).
Microgravity exposure during spaceflight thus affects
crew health and performance and interferes not only
with the overall success of the mission but also with a
healthy return to Earth.

The human spaceflight program has now entered the
next phase of space exploration, toward the moon and
Mars, and there are clearly inherent medical challenges
with such a goal, among which countermeasure devel-
opment is a clear priority. In fact, since the beginning
of human spaceflight, numerous countermeasures have
been tested to mitigate the maladaptive changes asso-
ciated with prolonged spaceflight. These have included
drugs, nutrition, physical exercise on various workout
devices, and others (7–10). So far, however, none of
them has proven to be fully effective.

In recent years, the biological effects of resveratrol
(RES; 3,4!,5-trihydroxystilbene), a natural polyphenol,
have been the topic of numerous studies due to its
action as a hormetic factor. Integrative studies showed
that RES strongly improves metabolism. Indeed,
through activation of the sirtiuns, a family of nuclear
deacetylase enzymes, AMPK, and thus peroxisome pro-
liferator-activated receptor (PPAR)-" coactivator-1#

(PGC-1#), RES was shown to enhance insulin sensitiv-
ity, stimulate mitochondrial biogenesis, and regulate
antioxidant status (11–15). Interestingly, during an
obesigenic high-fat-diet treatment in mice, RES was also
shown to increase the expression of genes involved in
protein synthesis and muscle contraction, which im-
proved strength, endurance, and maximal oxygen con-
sumption, thus preventing weight gain. During that study,
resistance to the high-fat diet seemed also to include a
transition of glycolytic fibers to a more oxidative type in
different skeletal muscles. More recently, RES was shown
to preserve BMD during hypokinasia and aging in rats
and mice (16) through enhanced osteoblast differentia-
tion and neovascularization (17, 18). Taken together, all
those combined results show that RES protects most of
the physiological systems impaired during microgravity
exposure.

The aim of our study was thus to test RES as a
preventive countermeasure against mechanical unload-
ing using the rat hindlimb unloading model that has
been validated for decades as a model of hypokinesia
and hypodynamia (19). We hypothesized that RES
would maintain whole-body physiological homeostasis
mainly by protecting the structural, mechanical, and
metabolic functions of the soleus muscle, a slow-twitch
oxidative skeletal muscle; protecting insulin sensitivity;
and averting bone loss during unloading. Because the
responses to microgravity share strong analogies with
what is observed in aging, sedentary behaviors, and
periods of bed rest in ill patients and pregnant women,

the results of the present studies have major Earth-
related benefits.

MATERIALS AND METHODS

Chemicals

RES was purchased from Sequoia Research Products (Pang-
bourne, UK). H2

18O, 2H2O, d31-palmitate, and 15N-glycine
were purchased from Cambridge Isotope Laboratories (An-
dover, MA, USA). EGTA/Ca-EGTA buffer, propanolol, free
Mg2$, taurine, phenylmethylsulfonyl fluoride (PMSF), pro-
tease inhibitor cocktail, diaminobenzidine, MY32, sodium
pyruvate, atractyloside potassium, fatty acid-free BSA, phos-
phocreatine disodium salt glyceraldehyde-3-phosphate, malic
acid, pyruvate, glutamate, and imidazole were from Sigma-
Aldrich (St. Louis, MO, USA); BRL 37344 was from Life
Technologies (Carlsbad, CA, USA); and MgATP was from
Amersham Biosciences (Piscataway, NJ, USA). Dithiothreitol
(DTT) and adenosine-5! diphosphate disodium salt were
purchased from Fluka (Buchs, Switzerland). NCL-myosin
heavy chain (MHC) was obtained from Novocastra (New-
castle-upon-Tyne, UK), and SC-71 was from DSMZ (Braun-
schweig, Germany).

Animals

Male Wistar rats weighing 240–250 g were purchased from
Harlan (Horst, The Netherlands). After 7 d of acclimatization
(25°C with 12-h light-dark cycle), rats were randomly divided
into 4 groups: control (C), hypokinetic and hypodynamic
hindlimb suspended (HH), controls treated with RES (CR),
and hindlimb suspended treated with RES (HHR). Control
rats were housed in standard laboratory cages, whereas HH
rats were housed in special cages allowing tail suspension.
Both cages presented the same surface. All rats were fed
standard rodent laboratory pellets (type A03; Safe, Augey,
France) and water ad libitum. The 14 d of hindlimb unloading
was performed as described previously (20). The model has
been used for decades to induce hypodynamia (decreased
mechanical loading) and hypokinesia (decreased motor ac-
tivity). Briefly, the tail is secured and connected to an
overhead swivel, placed on the top of the cage, which permits
a free 360° rotation of the rat. The rat is then progressively
unloaded at a 30° head-down angle. The investigation was
carried out under authorization 67-223 from the Direction
Départementale des Services Vétérinaires du Bas-Rhin. Exper-
iments consisted of several sessions of suspension realized
over 2 yr to avoid interference between protocols and collect
enough biological materials for the numerous planed analy-
ses. The exact number of rats involved in each substudy
is indicated in Results. MHC profile, muscle mass and
strength, mitochondrial respiration, RT-quantitative (q)PCR,
and Western blot assays were conducted in a first series of
suspensions. A second series was used for insulin sensitivity
tests. A third series was dedicated to protein turnover,
metabolomics, bone structure parameters, and plasma mark-
ers. A fourth series was committed to energy expenditure and
body composition measurements and thermoregulation by
telemetry and, upon death, oxidative stress data. A last series
was used to assess dietary lipid trafficking and oxidation along
with heart rate by telemetry. The first series was realized in the
laboratory of the Université de Lille (L.S.) and the three
others at the Hubert Curien Institute (Université de Stras-
bourg; S.B.). All series were conducted in strictly similar
conditions by the same scientist (I.M.).

3647RESVERATROL PREVENTS DISUSE ATROPHY



! $Y"!

! !

RES supplementation

RES was first dissolved in rapeseed oil and then gently
emulsified in a liquid meal (Resource Protein; Nestle, Noisiel,
France) in warm water (40°C) for 3 h. Daily RES supplemen-
tation lasted 6 wk in the treated groups (4 wk before
unloading and during the 2 wk of unloading). At 30 min
before administration, the mixture was warmed and mixed.
Rats were fed RES in a dose equivalent to 400 mg/kg through
a 16-gauge stainless steel curved feeding needle. This dose
was reported to be well tolerated by animals (12), and recent
data failed to show a toxic effect of RES in rats even at doses
reaching 700 mg/kg/d (21).

Total energy expenditure (TEE) and body composition

TEE was determined by the doubly labeled water (DLW)
method, as described by Blanc et al. (22). On d 11 of
suspension and after a basal urine collection, 1.40 mg/kg of
total body water (TBW) of DLW diluted in 3% NaCl to
physiological osmolarity was injected intraperitoneally. The
doses were calculated to measure an in vivo enrichment of
!250 and 1200 "‰ for 18O and 2H, respectively ["‰ #
Rsample/(Rstandard $ 1) % 1000, where R is the ratio of heavy
to light isotope]. Then fresh urine samples were collected
daily after 1 h of equilibration for 4 d. Urine samples were
stored in cryogenic tubes at $20°C until analyses. The urine
samples were filtered and analyzed by isotope ratio mass
spectrometer (Delta V; Thermo, Bremen, Germany) inter-
faced with a pyrolysis system (TC/EA; Thermo), as described
previously (23).

TBW was measured from the dilution space of 18O after
correction for exchange by factor 1.007 (24). TEE was
calculated using the 1-pool model equation as previously
validated in rats (22). Fat-free mass (FFM) was calculated
from TBW by assuming a hydration coefficient of 73.2%. Fat
mass (FM) was calculated by the difference of FFM from body
mass.

Thermoregulation

A telemetric transmitter (TA10TA-F20, 3.2 g; Data Sciences,
St. Paul, MN, USA) was implanted into the abdominal cavity
under general anesthesia (valium: 10 mg, 2 mg/100 g i.m.;
anesthesia: furan 2% in O2) as routinely done in the labora-
tory. Animals were included in the experimental protocol
after 2 wk of recovery. A receiver board (RPC-1; Data Sci-
ences) positioned close to the cages collected the radio
frequency signals. Body temperature was recorded continu-
ously for 1 min every 5 min during the whole experiment.
Data were analyzed by Dataquest LabPro software (Data
Sciences). Brown adipose tissue responsiveness was tested
through the increase in body temperature during the 180
min following an intraperitoneal injection of the &3-adrener-
gic (&3-ADR) receptor agonist (2 'g/g; 37344; Life Technol-
ogies).

Oral glucose tolerance test and inflammatory markers

On d 10 of suspension, unfed rats underwent an insulin
tolerance test (0.75 U/kg i.p.), and plasma glucose concen-
trations were measured by Dextrostix-Eyetone system (Accu-
Chek Performa; Roche Diagnostics, Meylan, France) every 30
min for 2 h from a blood drop collected from the tip of the
tail with light anesthesia (2% xylocaine s.c.). After 5 d, an oral
glucose load test (2 g/kg) was performed under the exact
same conditions.

Whole-body dietary fat oxidation and dietary fatty
acid spillover

On d 15 of suspension, unfed rats received by oral gavage 40
mg/kg body mass [d31]-palmitate (Cambridge Isotope Labo-
ratories) mixed in a liquid meal (Renutryl; Nestle). Animals
were killed at 6 h after the dose. The oxidation of palmitate
was measured as the recovery percentage of deuterium in
TBW sampled in spot urine (23). Deuterium analyses were
conducted as described above for the DLW-derived measure-
ment of TEE. Plasma was sampled. After total plasma lipids
were extracted using the Folch method, nonesterified fatty
acid (NEFA) and triglycerides were separated by solid-phase
extraction, and concentrations of the [d31]-palmitate in the
plasma triglycerides and NEFA fractions were assessed by
GC-MS, as described previously in detail (25). The spillover of
dietary palmitate was calculated as the ratio of labeled palmi-
tate appearing in the blood in form of free fatty acids over the
labeled palmitate appearing in the blood in form of triglyc-
erides and expressed as percentage.

Nitrogen balance and whole-body protein turnover

Rats were individually housed in metabolic cages for 48 h and
were given ad libitum food and water on d 13 of suspension.
During the last 24 h, food intake was measured, and cumu-
lated urine and feces were collected over ice. Total nitrogen
in urine, feces, and food was measured by chemolumines-
cence (Antek 7000; Alytech, Juvisy Sur Orge, France) and the
Kjedkhal method (26). Nitrogen balance was calculated as
difference between nitrogen intake and the excretion in
urine and feces over 24 h. Protein turnover was determined
by the [15N]-glycine end-product technique over 24 h. Rats
were orally administered a 7 mg/kg body mass [15N]-glycine
solution, and 15N-urea and 15N-ammonia enrichments were
assayed in 24-h urine pools by isotope ratio mass spectrome-
try, as described previously (27). Nitrogen flux (Q) was
calculated as Q # d/e, where d is the given dose and e is the
cumulated excretion of 15N end products in urine. Catabo-
lism (C) and synthesis (S) rates were calculated by the
equation Q # S ( E # C ( I, where E is excretion of nitrogen
in urines and feces, and I is the dietary nitrogen intake (28).

In situ isometric contractile properties of the soleus muscle

On the morning of suspension day 15, the rats were deeply
anesthetized with intraperitoneal injections of sodium pento-
barbital (60 mg/kg), prolonged if necessary by supplemen-
tary doses (30 mg/kg). The dissection protocol was previously
described (29, 30). Briefly, all the muscles of the right
hindlimb were denervated, except the soleus muscle. Then,
the limb was fixed in isometric conditions and was immersed
in a bath of paraffin oil thermostatically controlled (37°C).
The limb was stabilized by using a combination of bars and
pins, and the soleus muscle was maintained in a horizontal
position. Afterward, the soleus muscle was isolated from
surrounding tissues, and its distal tendon was connected to a
force transducer (Grass FT 10; Grass Instruments, West
Warwick, RI, USA). The muscle length was adjusted to
produce a maximal isometric tension. Stimulating and refer-
ence electrodes (Teflon-coated platinum) were maintained
by micromanipulators. Contractions were induced by stimu-
lation of the soleus nerve (0.2-ms pulses) through monopolar
platinum electrodes at twice the minimum voltage required
to obtain the maximal twitch response. The reference elec-
trode was inserted into adjacent denervated muscle mass. The
following parameters were recorded: a single maximal twitch,
from which the maximal twitch tension, the time to peak, and
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the half-relaxation time were measured; and the tension/
frequency relationship (for stimulation frequencies ranging
from 16 to 100 Hz), which allowed the determination of
maximum tetanic tension P0 obtained for a 100-Hz stimula-
tion frequency and of index P20/P0 (ratio of the tetanic
tension at 20 Hz to P0). The soleus muscles were then
removed and weighed.

Characterization of muscle fiber types

After the suspension protocol and at the midbelly, the soleus
muscles were cut into serial 10-!m-thick cross-sections in a
cryostat microtome at "20°C. The protocol relative to immu-
nohistochemically treated sections has been described in
detail previously (30). The following antibodies were used:
NCL-MHC, which recognizes MHC I; SC 71 (DSMZ) against
MHC IIA; and MY32 against MHC IIA, IIB, and IIX. These
antibodies were diluted at 1:400, 1:400, and 1:2000, respec-
tively. The binding of the primary antibodies was localized by
an immunoperoxidase reaction utilizing the Novostain Uni-
versal Quick Kit (Novocastra). Serial cross-sections were incu-
bated in prediluted normal blocking serum for #10 min. The
excess serum was blotted, and sections were incubated with
primary antibodies diluted in PBS for 2 h at room tempera-
ture. Serial cross-sections were washed for 5 min in PBS
solution. Then, they were incubated for 30 min in prediluted
biotinylated universal secondary antibody. At the end of the
30 min, sections were washed with PBS for 5 min and
incubated in ready-to-use streptavidin/peroxidase complex
reagent for 30 min. To label the serial cross-sections, the
peroxidase substrate solution (DAB; Sigma-Aldrich) was
added after the sections had been washed for 5 min with PBS.
Finally, after dehydration with alcohol and toluene, the slides
were mounted in Eukitt resin. Positive fibers were character-
ized by a brown color, while negative fibers remained unla-
beled. The cross-sectional area (CSA) of the fibers was also
measured on immunohistochemical sections by use of an
image analyzer (Mac Biophotonics ImageJ; http://www.
macbiophotonics.ca/imagej/). CSA measurements were
made in #300 fibers for type I and in all type IIa, IIb, and
IId/x fibers.

Measurement of mitochondria oxidative capacity of
soleus muscle

Respiratory parameters of the total mitochondrial population
were studied in situ in saponin permeabilized fibers using
method of Veksler and Ventura-Clapier (31) after 2 wk of
HH. Fiber bundles (100–250 !m in diameter) were excised
from skeletal muscles after hindlimb suspension. The bundles
were incubated with intense shaking for 30 min in solution S
containing 50 !g/ml saponin to selectively destroy the integ-
rity of the sarcolemma. Once the fibers were permeabilized by
saponin, they were transferred into solution R twice for 10
min to wash out adenine nucleotides and phosphocreatine.
All procedures were carried out at 4°C.

Both S and R solutions contained 10 mM EGTA/Ca-EGTA
buffer (free Ca2$ concentration, 100 nM), 3 mM free Mg2$,
20 mM taurine, 0.5 mM DTT, and 20 mM imidazole. Ionic
strength was adjusted to 0.16 M by addition of potassium
methanesulfonate. Solution S (pH 7.1) also contained 5 mM
MgATP and 15 mM phosphocreatine. Just before the exper-
iment was started, 2 mg/ml of fatty acid-free BSA solution was
added to solution R (pH 7.1). Respiratory rates were deter-
mined by a Clark electrode (Hansatech; Hardwick Industrial,
Royaume, UK) in an oxygraphic cell containing 15–20 fiber
bundles in 3 ml solution R at 24°C with continuous stirring.
The solubility of oxygen was taken to be 230 mmol O2/L.

Depending on skeletal muscle type, 2 mM ADP, 4 mM
glyceraldehyde-3-phosphate, 2 mM malic acid, 1 mM pyru-
vate, 5 mM glutamate, and 150 !M palmitoylcarnitine were
added during the experiment to solution R. Atractyloside was
added to stop the respiration. After measurements, the bun-
dles were removed and dried. Respiration rates were ex-
pressed as nanomoles of O2 per minute per gram of dry
weight and are presented as percentage of the C group.

RT-qPCR and Western blotting

We measured the gene expression of SIRT-1, COXIV (mito-
chondria marker), citrate synthase (CS; marker of TCA cycle
activity), CPT-1 (long-chain fatty acid transporter into the
mitochondria), and FAT/CD36 (fatty acid transporter into
the cell) after the 2 wk of mechanical unloading on a piece of
the same muscle used for mitochondrial respiration.

Soleus muscles kept at "80°C were crushed into powder by
using a Microdismembrator (Sartorius, Goettingen, Ger-
many). Total RNA was extracted using Trizol (InVitrogen,
Cergy Pontoise, France). The total RNA (1 !g) was reverse
transcribed to cDNA using Multiscribe reverse transcriptase
(high-capacity reverse transcriptase kit with RNase inhibitor;
Applied Biosystems, Foster City, CA, USA). Real-time PCR was
performed using SYBR Green technology (Applied Biosys-
tems) on Mastercycler ep realplex (Eppendorf, Le Pecq,
France). Five-fold serial dilutions from total RNA were ana-
lyzed for each target gene and allowed us to construct linear
standard curves from which the concentration of the test
sample was calculated. Forward and reverse primers (Supple-
mental Table S1) were each designed in a different exon of
the target sequence, eliminating the possibility of amplifying
genomic DNA.

A basic local alignment search tool (BLAST) search per-
formed for each set of primers revealed that sequence
homology was obtained only for the target gene. Hypoxan-
thin phosphoribosyl-transferase (HPRT) was chosen as a
housekeeping gene for normalization, as its expression did
not differ between the groups. Results were thus normalized
to HPRT transcription to compensate for variation in input
RNA amounts and efficiency of reverse transcription.

The same soleus muscles used for RT-qPCR analysis were
used for Western blotting. Soleus muscle powder was further
homogenized by sonication in the presence of 200 !l Laem-
mlie buffer and centrifuged at 14,000 rpm for 30 min at 4°C.
The supernatant was removed for protein quantification, and
then PMSF and protease inhibitor cocktail were added. A
total of 30 !g of protein was suspended in 1% %-mercapto-
ethanol, 2% SDS, 0.1% bromphenol blue, and 10% glycerol,
with total volume completed to 30 !l with water. Protein
samples were boiled, and 15 !g was loaded on 10% polyacryl-
amide gel and after migration transferred to nitrocellulose
membranes (Novalab, Malakoff, France). Signals for COXIV
(mouse monoclonal; Abcam, Cambridge, MA, USA) at 17
kDa, PGC-1& (rabbit polyclonal; Abcam) at 110 kDa, and
Sirt-1 (sir-2 rabbit polyclonal; Millipore, Bedford, MA, USA)
at #92 kDa were detected.

Glutathione levels and antioxidant enzyme activities

After 2 wk of suspension, the reduced glutathione (GSH) and
oxidized glutathione (GSSG) states induced by the HH
protocol were measured in soleus according to the method of
Anderson (32) by monitoring the reduction by GSH of
5,5'-dithio-bis-(2-nitrobenzoic acid) to 5-thio-2-nitrobenzoate
at 412 nm (25°C). Proteins were precipitated with ice-cold 5%
metaphosphoric acid and centrifuged at 5000 g for 5 min. For
GSH measurements, samples were derivatized with 2-vinyl-

3649RESVERATROL PREVENTS DISUSE ATROPHY



! $Y%!

! !

pyridin. The assay was initiated by the addition of 10 !l of 50
U/ml glutathione reductase. GSH was used as a standard and
was assayed in parallel under the same condition as the tissue
samples.

A portion of soleus muscle was homogenized with a potter
Elvehjem at 4°C in buffer containing KH2PO4 (100 mM),
DTT (1 mM), and EDTA (2 mM), pH 7.4. After centrifuga-
tion (3000 g/min, for 5 min), the supernatant was used for
enzymatic assays. Superoxide dismutase (SOD) activity was
assayed by monitoring the rate of acetylated cytochrome c
reduction by superoxide radicals generated by the xanthine-
xanthine oxidase system. One activity unit of SOD was de-
fined as the quantity of SOD required to cause a 50%
inhibition of the rate of acetylated cytochrome c reduction.
The total activity of glutathione peroxidase (GPX) was as-
sayed with cumene hydroperoxide as a substrate according to
Pierce and Tappel (33). All enzyme activities were expressed
in units per gram of protein.

Bone function

After a 2-wk suspension protocol, the rats were killed in unfed
conditions, the femurs were dissected, and blood was col-
lected. Femoral BMD was assessed by dual-energy X-ray
absorptiometry using a Hologic QDR-4500 A X-ray bone
densitometer (Hologic, Massy, France). For mechanical test-
ing, femoral length and mean diaphyseal diameter were
measured with a precision caliper (Mitutoyo, Telford, UK).
The femoral failure load was determined using a 3-point
bending test, with a universal testing machine (Instron 4501;
Instron, Canton, MA, USA). The two lower supports were
separated by 20 mm, and an upper crosshead roller was
applied in front of the middle of the bone at a speed of 0.5
mm/min until fracture.

Plasma osteocalcine was measured with the RAT-MID assay
(Immunodiagnostic Systems, Paris, France) as a marker of
bone synthesis (intraassay variation of 5%). Similarly, urine
dexoypyridinoline (DPD) was measured as a marker of bone
degradation by 125I radioimmunology (Immunodiagnostic
Systems).

Cardiovascular function

A telemetric transmitter (TA11PA-C40; Data Sciences) was
implanted into the abdominal cavity under the same chirur-
gical conditions as above described 3 wk prior HH to allow
full recovery. Electrodes were subcutaneously tunneled to the
heart and pelvis positions to record heart rate. Heart rate was
recorded continuously for 1 min every 5 min during the
whole experiment.

Fasting plasma markers

On d 15 of suspension, the rats were killed, and blood was
collected to assess insulin (measured by the rat insulin ELISA
kit; Mercodia, Uppsala, Sweden), glucose and inflammation
markers. ELISA immunoassay kits (Arcus Biologicals Eurome-
dex,Souffelweyersheim, France) specific for rat were used to
measure specific pro- and anti-inflammatory markers: ghrelin
(intraassay variation coefficient of 9%), TNF-" (intraassay
variation coefficient of 10%), IL-1# (intraassay variation
coefficient of 11%), and IL-6 (intraassay variation coefficient
of 10%). The D-ROM and Oxy-adsorbent kits (Diacron
International, Grosseto, Italy) were used to evaluate the
oxidant (H2O2; intraassay variation coefficient of 2%) and
antioxidant (HCLO; intraassay variation coefficient of 9%)
status. Plasma corticosterone was measured after death using

the AssayMax Corticosterone ELISA kit for rats (AssayPro,
Paris, France).

Determination of urinary RES metabolites by
mass spectrometry

A metabolomic approach was used to determine urinary RES
metabolites. First, an untargeted method consisting of the
simultaneous analysis of a high number of metabolites al-
lowed the determination of all metabolic perturbations in-
duced by the HH protocol.

A sample of 24 h urine (500 !l) was defrosted at room
temperature, centrifuged at 7000 g for 5 min at 4°C, and then
diluted 4-fold with distilled water. Analyses were performed
on a Waters Acquity UPLC system (Waters Corp., Manchester,
UK) coupled to a Waters QTof-Micro mass spectrometer,
equipped with an electrospray source. To avoid possible
differences between sample batches, a Latin square was
carried out to obtain a randomized list of samples for analysis.
Separation was carried out at 30°C using a 2.1- $ 100-mm
Acquity UPLC BEH Shield RP18 column (Waters), with a
particle size of 1.7 !m at a flow rate of 0.4 ml/min. Samples
were eluted from the column using the following gradient:
0–2 min, 100% A; 2–7 min, 0 to 10% B; 7–22 min, 95% B.
Solvent A was water, and solvent B was acetonitrile; both
solvents contained 0.1% formic acid. Injection volume was set
to 8 !l. The mass spectrometer source temperature was set to
120°C with a cone gas flow of 50 L/h, a desolvation temper-
ature of 300°C, and a nebulization gas flow of 400 L/h. The
capillary voltage was set at 3000 V and the cone voltage to 30
V. The mass spectrometric data were collected in continuum
full-scan mode with a mass-to-charge ratio (m/z) of 100–1000
from 0 to 22 min in positive and negative modes. All analyses
were acquired by using the lockspray with a frequency of 5 s
to ensure accuracy. Leucine enkephalin was used as the lock
mass at a concentration of 0.5 ng/L (in MeOH:water, 50:50
vol/vol, with 0.1% formic acid).

The raw data were transformed to centroid mode and mass
corrected before being analyzed with MarkerLynx Applica-
tions Manager v4.1 (Waters). The data were peak detected
and noise reduced for both the liquid chromatography and
mass spectrometry components. Each peak in the resulting
3-dimensional data set was represented by retention time m/z
and its ion intensity in each sample.

The matrix obtained was filtered to eliminate the back-
ground ions present in blank samples and then exported for
statistical analysis. The 3077 selected ions were analyzed by
2-way ANOVA using multivariate ANOVA R function. ANOVA
was performed on log-transformed data to assess the effects of
RES, hanging, and interaction on each ion. To deal with
multiple testing issues, the Benjamini-Hochberg procedure
was applied to adjust the P values.

Ions with adjusted values of P % 0.10 for at least 1 of the 3
effects were kept for supervised multivariate discriminant
analysis. Partial least-square discriminant analysis (PLSDA)
was performed on the log-transformed centered data. PLSDA
produced a linear discriminant cross validated model that
highlighted a discriminant combination of ions. The quality
of the model is given by the Q2 parameter. A Q2 value close to
1 indicates a good predictive model.

Metabolites contributing to the discrimination of d 0 and
14 samples were identified on the basis of their exact masses,
which were compared with those registered in the Kyoto
Encyclopedia of Genes and Genomes (KEGG) database
(http://www.genome.jp/kegg/).

Statistical analyses

Data were analyzed by 2-way ANOVA with group and treat-
ment as main factors. When significance was noted, a post hoc
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analysis with the PLSD Fisher’s test was performed. To
improve readability, only post hoc tests are mentioned in the
text and in the figures. All data are presented as means ! se,

and statistical significance was set at P " 0.05. All statistics
were performed using JMP 5.1 (SAS Institute, Cary, NC,
USA).

RESULTS

Effects of RES on main physiological variables

To investigate the effect of RES on known hypokinesia
and hypodynamia responses during hindlimb unload-
ing, we first characterized general physiological param-
eters. After a week of unloading, body mass gain
reached a plateau (Fig. 1A). RES treatment tended to
increase body mass in the supplemented groups. At the
end of the experiment, body masses of the C and HHR
groups were not statistically different (Fig. 1A, B).

Although HH rats showed a trend for a lower FM,
body composition was not affected by unloading or by
RES treatment (data not shown). The difference in
body mass during unloading was likely explained by a
25% increase in TEE that did not reach significance in
HHR rats compared with C rats (Fig. 1C). To investi-
gate whether those energy adaptations were due to
thermoregulatory defects, as previously shown in sus-
pended rats (4, 20), body temperature was measured
daily. Average 24-h body temperature was modestly but
significantly higher during unloading, independent of
RES treatment (Fig. 1D). In HH animals, the thermo-
genic capacity of brown adipose tissue was increased
after injection of a #-3 agonist that mimics cold expo-
sure (Fig. 1E). In support of that result, the observation
that resting heart rate was increased in HH rats by 8%
(P"0.05, data not shown) compared with C rats dem-
onstrated an increased sympathetic nervous system
tonus during unloading that supported the notion that

Figure 1. A) Effects of RES on main physiological variables. Body mass gain of all groups during 15 d of suspension. B) Delta of
body mass evolution from the beginning of the experiment in the same groups. C) TEE adjusted by body mass.
D) Nycthemeral evolution of body temperature and 24-h average body temperature during unloading period. E) Nonshivering
thermogenesis capacity through body temperature increases above baseline after intraperitoneal injection (2 $g/g) of the #3 agonist
(BRL 37344; Life Technologies), expressed as area under the curve (AUC) during the 3 h postinjection. F) Fasting plasma
corticosterone concentration, measured after death following 15 d of the protocol. G) Whole-body protein turnover, protein synthesis,
catabolism, and net synthesis rates, measured by the end-product technique, following an oral ingestion of 15N glycine (7 mg/kg) over
24 h. Sample size: n % 8–10 animals/group, except for corticosterone (n%5/group) and thermoregulation tests (n%6/group). *P !

0.05, **P ! 0.01, ***P ! 0.001 vs. C; ††P ! 0.01, †††P ! 0.001 vs. HH; post hoc ANOVA using Fisher test.
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nonshivering thermogenesis was chronically stimu-
lated.

Corticosterone concentration increased significantly
in HH animals. No increase in corticosterone plasma
levels was noted in the HHR group (Fig. 1F). Because
cortisol is also known to affect protein turnover and
influence muscle function during spaceflight in hu-
mans (34), we assessed whole-body protein fluxes. The
unloaded rats showed the highest nitrogen flux but the
lowest, although positive, net protein synthesis rates
(synthesis minus catabolism). Conversely, RES treat-
ment decreased nitrogen flux and maintained net
protein synthesis to the level observed in the control
rats (Fig. 1G).

RES prevents hypokinesia/hypodynamia-induced
insulin resistance

Numerous studies showed that muscle disuse during
bed rest in humans and HH in rats leads to insulin
resistance (35–37). To test how RES modulates insulin
resistance in HHR rats, we measured fasting blood
glucose and insulin and observed a strong hyperinsu-
linemia in the unloaded animals, independent of RES
treatment (Fig. 2A). This translated to higher fasting
insulin to glucose ratio in all suspended groups (Fig.

2B). The significant treatment-by-group interaction
(P!0.05) suggested, however, that RES treatment mit-
igated the insulin resistance induced by HH during
fasting. Those observations were confirmed during
the dynamic responses to both an oral glucose toler-
ance test and an intraperitoneal insulin challenge
(Fig. 2C, D).

RES prevents soleus muscle disuse atrophy and loss
of function

Skeletal muscle plasticity plays a key role in perfor-
mance and maintenance of whole-body homeostasis.
Slow-twitch skeletal muscle force diminishes and con-
tractile protein profile changes with severe physical
inactivity in humans; this is also well described in
unloaded rats (for review, see Fitts, ref. 2). RES treat-
ment significantly mitigated the soleus disuse atrophy
by 26 and 10% without and with normalization, respec-
tively (Fig. 3A, B). The mechanical properties of the
soleus muscle observed in situ showed that the rate of
force development was reduced by 30% and the inter-
val from peak tension to half peak tension was reduced
by "40% after unloading (Fig. 3C). In the same direc-
tion, the maximal tetanic force P0 (normalized on
muscle mass) decreased by 53% and twitch tension by

Figure 2. RES prevents hypokinesia/hypodynamia-induced insulin resistance. A, B) Fasting glucose and insulin levels (A) and
fasting insulin to glucose ratio (B) after 14 d of mechanical unloading in rats. C, D) Kinetics of blood glucose and the
corresponding AUC after a 120-min oral glucose tolerance test (OGTT) at 2 g/kg (C) and kinetics of blood glucose and the
corresponding area under the curve after a 120-min intraperitoneal insulin tolerance test at 0.75 IU/kg (D). Sample size: n #

6/group. *P ! 0.05 vs. C; post hoc ANOVA using the Fisher test.
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30% (Fig. 3D). RES treatment did not preserve P0;
however, it did maintain tetanic force at 20 Hz (P20/P0;
Fig. 3C) and twitch tension (Fig. 3C). To confirm the
beneficial effect of RES on contractile property of
slow-twitch muscle, we further detected the fiber type
composition and myosin profiles of the soleus. The
CSA results were in line with the classical muscle
response to disuse atrophy; all areas were decreased
after unloading (Fig. 3E). Only type 2A fiber with RES
treatment was maintained at the CSA level observed in
control animals. However, the RES treatment clearly
alleviated the loss in type I fiber observed in the HH
animals.

The protective effect of RES on soleus atrophy was
confirmed on the MHC pattern. Whereas slow MHC I
expression decreased by 18% in HH animals in favor of
an increase in fast MHC IIa and an apparition of mixed
MHC IId/x and MHC IIb, no changes were noted after
RES treatment (Fig. 3F). Overall, the RES treatment
preserved muscle contractile properties during a well-
designed protocol to induce slow-twitch muscle disuse
atrophy in the rat.

RES maintains soleus oxidative capacity and
whole-body fat utilization

Evidence suggests that physical inactivity, either in
humans during outpatient studies or longitudinal bed
rest, or in rats using hindlimb unloading or artificial
selection for low aerobic capacity, decreases the ability
of the oxidative skeletal muscle to oxidize fatty acids for
energy (5, 36). This was associated with the develop-
ment of insulin resistance and increased muscle fatiga-
bility. Interestingly, some studies in rats suggested, but
only suggested, that those metabolic defects were ob-
served prior to any loss in muscle function (38, 39).
Mechanistically, this was associated with a reduction in
mitochondrial density or decrease in expression or

activity of enzymes participating in transport of fatty
acids and in !-oxidation (2). In the present study,
unloading caused mitochondrial respiratory capacity of
soleus muscle to drop by 40% in the presence of
palmitoyle carnitine, by 24% in the presence of pyru-
vate, and by 38% in the presence of glutamate (Fig. 4A).
RES fully maintained soleus oxidative capacity in the
presence of all these substrates. Recently, Lagouge et al.

(12) proposed that RES, by activating SIRT-1, increases
the number of mitochondria. To investigate the under-
lying mechanisms explaining the protective effects of
RES during unloading, we measured the mRNA expres-
sion of several enzymes and cofactors involved in en-
ergy metabolism.

The mRNA expression of SIRT-1, COXIV, CS, CPT-1,
and FAT/CD36 decreased in HH rats. RES supplemen-
tation mitigated the reduction in the mRNA expression
of COXIV, CS, and CPT-1 and fully prevented the
reduction in mRNA expression of SIRT-1 and FAT/
CD36 (Fig. 4B). The results at the mRNA levels were
confirmed at the protein levels for SIRT1, PGC-1", and
COXIV (Fig. 4C).

Muscles are the main location of fatty acid oxida-
tion. To investigate how the metabolic adaptations
we observed at the muscle level extended to the
whole body, we measured an index of plasma clear-
ance and oxidation of exogenous palmitate labeled
with deuterium. The palmitate spillover increased
during unloading, suggesting an important decrease
in the plasma clearance of fatty acids (Fig. 4D). Those
results were supported by the decreased soleus ex-
pression of FAT/CD36. RES treatment fully pre-
vented this reduction in fatty acid clearance from
plasma (Fig. 4D). Overall, the whole-body oxidation
rate of palmitate was decreased in the HH rats, but,
again, RES was effective in preventing this decrease
in oxidative capacity (Fig. 4E).

Figure 3. RES prevents so-
leus muscle disuse atrophy
and loss of function. A) So-
leus muscle weight. B) So-
leus muscle weight normal-
ized on body weight. C–F).
Mechanical properties of
the soleus muscle. C, D)
Time to peak and half

relaxation time tetanic force at 20 Hz/ total tetanic force (P20/P0) after 15 d of mechanical unloading (C) and
corresponding maximal tetanic force and twitch tension (D). E) Soleus CSA. F) MHC profiles of the soleus. Sample size: n #

9–11 for soleus weight; n # 5–7 for other data. *P ! 0.05, **P ! 0.01, ***P ! 0.001 vs. C; †P ! 0.05 vs. HH; post hoc analysis
using Fisher PLSD test.
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RES counteracted the soleus disuse-induced
oxidative stress

Several lines of evidence link muscle-derived oxidants
and inflammatory cytokines to muscle-unloading-in-
duced atrophy via regulation of proteolysis (40, 41). As
RES is known to present both antioxidant and anti-
inflammatory properties, we evaluated whether the
beneficial effects of RES observed so far were in part
explained by a prevention of muscle oxidative stress
and inflammation. As shown in Fig. 5A, no change
occurred in basal plasma oxidant and antioxidant status
in various treatments, whether hindlimb unloading or
RES supplementation. Regarding the fasting plasma
inflammatory markers, we also failed to observe any
difference between groups and treatment, although a
trend was noted for a positive effect of RES on IL6
plasma concentrations (Fig. 5D).

However, in the soleus muscle, unloading resulted in
a decrease of GSH/GSSG ratio (Fig. 5B), an effect that
was prevented by RES treatment. Simultaneously, the
antioxidant activity of SOD increased in both unloaded
groups and to a larger extent during RES treatment
(Fig. 5C). This last result confirms the general action of
RES as an antioxidant. In support of that result, GPX

activity increased only in the RES-treated groups
(Fig. 5C).

RES prevented bone demineralization and loss of
strength due to unloading

Bone demineralization is a classic observation during
spaceflight and represents a major risk for long-term
missions, especially because recovery is a long-term
process on return to Earth (42). The mechanical
unloading due to the physical inactivity induced by
microgravity is a major drive for bone loss. In support of
that observation, the risk for bone fracture is increased
in sedentary population on Earth (43). In the aged
population, bone fracture is an important overall risk
for death (43). Studies conducted in humans during
physical inactivity induced by bed rest have demon-
strated how mechanical loading is critical to the main-
tenance of bone formation, structure, and strength
(43). It has been suggested that RES might prevent
osteoporosis through enhancing proliferation and os-
teoblastic differentiation (17). As expected, the BMD
and the femoral load to break the femur were de-
creased by 13 and 32%, respectively, after 2 wk of

Figure 4. RES maintains soleus oxidative capacity and whole-body fat utilization. A) Soleus mitochondrial respiratory capacity
in the presence of palmitoylcarnitine, pyruvate, and glutamate. B) mRNA expression of SIRT-1, PGC-1!, COXIV, CS, CPT-1, and
FAT-CD36 in soleus. C) Protein levels in soleus muscle of SIRT-1, PGC-1!, and COXIV. D) Index of plasma dietary fatty acid
clearance, measured as ratio of exogenous d31-palmitate in NEFA fraction over d31-palmitate in the triglyceride fraction,
expressed as percentage at 6 h postingestion. E) Whole-body d31-palmitate oxidation, measured as percentage recovery of the
dose given (40 mg/kg). Sample size: n " 11–14, except for Western analyses (n"5/group). For mitochondrial oxidative activity,
protein levels, and qPCR expression, C group is taken as 100%. *P ! 0.05, **P ! 0.01, ***P ! 0.001 vs. C; †P ! 0.05 vs. HH;
post hoc analysis using Fisher PLSD test.
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unloading (Fig. 6A, B). RES not only prevented these
changes but actually increased both BMD and resis-
tance of the femur (Fig. 6A, B).

Those functional changes were reflected in the
plasma markers of bone synthesis and degradation.
Osteocalcin (secreted by osteoblasts) was decreased
during unloading, and levels in RES-treated animals
were maintained at the control levels (Fig. 6C). The
bone degradation marker DPD measured in 24-h urine
showed a mirrored response, with a 2-fold increase
during unloading; this increase was fully alleviated with
RES supplementation (Fig. 6D). The homogeneity of
these results is further confirmed by the strong rela-
tionship observed between the plasma markers of bone

synthesis and degradation and the bone BMD and
strength (Fig. 6E, F). These results overall indicate that
RES is able to prevent bone resorption and to maintain
bone strength and could be considered an efficient
dietary strategy to decrease fracture risk in astronauts
and sedentary populations.

Orally ingested RES showed good bioavailability in
our model

Although the vast effects of RES observed in the present
study suggest that the rats correctly assimilated RES, we
conducted a metabolomic study in the 24-h urine to

Figure 5. RES counteracted soleus disuse-in-
duced oxidative stress. A) Plasmatic oxidant
and antioxidant status. B) Ratio of GSH to
GSSG in soleus. C) SOD and GPX activity in
soleus. D) Fasting plasma concentrations of
inflammatory markers and ghrelin. Sample

size: n ! 6/group, except as indicated. *P ! 0.05, **P ! 0.01 vs. C; †P ! 0.05 vs. HH; post hoc analysis using Fisher PLSD
test.

Figure 6. RES prevented bone demineralization and loss of strength due to unloading. A) Femoral BMD. B) Femoral breaking
load. C) Plasma osteocalcine concentration. D) Urine DPD. E) Correlation analyses between osteocalcine and BMD. F) DPD with
femoral breaking load. Sample size: n ! 6–7, except for osteocalcin and DPD assay (n!9–11). *P ! 0.05, **P ! 0.01, ***P !

0.001 vs. C; †P ! 0.05, †††P ! 0.001 vs. HH; post hoc analysis using Fisher PLSD test.
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look for metabolites of RES. The data showed that most
of the RES metabolites were found in the urine, dem-
onstrating the bioavailability of the molecule given
per os (Supplemental Table S2). The PLSDA results
(Supplemental Fig. S1) further confirmed the overall
metabolic effects of dietary supplementation by RES
that differed among groups.

DISCUSSION

The loss of body functions in response to microgravity
exposure has been a medical and physiological concern
since the early Gemini, Soyuz, and Skylab missions.
Early research on countermeasures was initiated to
maintain health and fitness for long-duration flights.
To be effective, a countermeasure must be easy to
implement during spaceflight and present positive ef-
fects that go beyond the protection of a single function.
Although such an integrated physiological approach
has long been recognized as a required scientific line of
attack, researchers have focused on some organ systems
and symptoms in a piecemeal fashion rather than
simultaneously targeting all of the physiological systems
affected by gravity.

The present results provide evidence that dietary
RES at 400 mg/kg/d is able to prevent the metabolic,
muscle, and bone deconditioning caused by mechani-
cal unloading. To our knowledge, this is the first study
to report such broad counteractive effects that extend
beyond a single function.

Whole-body homeostasis

We observed that energy expenditure is higher during
mechanical unloading, in line with the finding of Lew
et al. (44) on suspended mice. Such expenditure likely
explains the weaker body weight gain in HH rats
observed in our study and others (44, 45) during
unloading. The higher TEE could be related to an
impaired thermoregulation capacity, as previously sug-
gested, and/or stress (ref. 46; for review, see ref. 47). In
support of that result, the response to a !3-adrenergic
agonist mimicking cold exposure was increased during
unloading. Similarly, Yamashita et al. (48) showed that
chronic hindlimb suspension in rats leads to an in-
crease in both thermogenic capacity and activity in
brown adipose tissue. The higher corticosterone level
also likely contributed to some extent to the higher
TEE (49). Hypercortisolemia was observed in some but
not all bed-rest studies in humans but is certainly a
common feature in rats during spaceflight of varying
duration (50–52). As chronic and acute treatments by
corticosterone in rats resulted in muscle wasting and
reduction of growth rate and insulin sensitivity (53, 54),
it is, however, an important parameter to consider in
the adaptation to the space environment. The positive
effect of RES on cortisol secretion warrants further
analyses. However, such results are supported by Supor-
nsilchai et al. (49), showing that RES exerts a suppres-

sive effect on corticosterone production in isolated rat
adrenocortical cells.

Cortisol is also strongly involved in protein turnover
regulation. In rats, unloading was shown to result in
both an increase in muscle protein degradation and a
decrease in muscle protein synthesis, leading to muscle
atrophy (55). Treatment with RES normalized protein
turnover and inhibited the protein degradation. In the
literature, there have been debates over the proteo-
genic effects of RES through SIRT activation. Rathbone
et al. (56) proposed that SIRT-1 stimulation enhances
muscle precursor cells to proliferate, while Wyke et al.
(57) proposed that RES inhibits the nuclear transcrip-
tion factor nuclear factor-"B, which is an inductor of
proteasome expression and proteolysis-inducing factor.
Further studies on the different pathways regulated by
RES during unloading are now clearly needed.

It is well known that muscle disuse due to tail
suspension and human bed rest contributes to the
development of insulin resistance (58, 59). It was
hypothesized that insulin resistance affects protein me-
tabolism in skeletal muscle and may contribute to the
protein catabolism (58, 60). Stein and Wade (4) pro-
posed that the alteration of muscle metabolism in HH
is due to an increased availability of gluconeogenic
precursors (amino acids) as a result of muscle disuse,
independently of myosin profile. The results of the
present study certainly confirmed that HH induced
insulin resistance, as assessed from the fasting insulin to
glucose ratio and the oral glucose tolerance test. The
fact that only trends for insulin resistance were ob-
served when using the insulin tolerance test might be
explained by the higher IL6 levels. Indeed, a number of
studies suggested that IL-6 contributes to blood glucose
clearance (61, 62). Certainly RES was efficient in pre-
venting the development of insulin resistance due to
HH. RES is known to improve glucose tolerance, en-
hance oxygen consumption, and increase insulin sen-
sitivity, notably through its effect on liver and skeletal
muscle (11, 12). The muscle factors involved in the
improvement in insulin sensitivity after HH are dis-
cussed in the following sections.

There is a tangled relationship between insulin sen-
sitivity and muscle lipid metabolism, and insulin-resis-
tant humans present a lower capacity for fat oxidation
(63). Consistent with that picture, dietary palmitate
clearance and oxidation were reduced during HH.
These alterations are likely related to the lower mRNA
expression of CPT-1 and FAT/CD36 but also lipopro-
tein lipases that were not measured in this study. RES
treatment was efficient in fully preserving most of these
changes. The positive effect of RES on all the key
cofactors, transporters, and mitochondrial enzymes,
and the preservation of type 1 fiber type, all involved in
the partitioning of fat toward oxidation, likely contrib-
uted to the maintenance of insulin sensitivity. The
studies conducted in rats and mice during high-fat
trials confirmed those positive effects of RES (12, 13),
although they showed more details of the molecular
mechanisms, whereas our approach demonstrated the
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physiological outcomes lacking from the molecular
studies.

Muscle function

In our study, the soleus muscle was atrophied after 15 d
of suspension, and muscle strength was lost, as observed
in many other studies on HH rats (64, 65). Numerous
studies during human space missions and bed-rest
studies showed that exercise or nutrition (amino acid
supplementation) countermeasures do not fully pro-
tect muscle transition and atrophy (8, 66–68). Those
studies show either an effect on mass or on strength
parameters but rarely on both. RES supplementation
alleviates losses in both soleus mass and strength as the
contractile profile (time to peak, half relaxation time,
and tetanic force P20/P0) were maintained in HHR rats.
Previous results from the literature support those ef-
fects. Feige et al. (13) showed that high-fat-diet mice
treated with SRT1720 (analog to RES) improved their
endurance capacity on a treadmill but also locomotor
functions and muscle strength. Another study, Murase
et al. (69), proposed that combination of RES and
exercise would increase the endurance capacity to
exhaustion. The maintenance of muscle strength could
be explained by the ability of RES to preserve skeletal
muscle fiber, probably through the maintenance of
myosin phenotypes, but also muscle metabolic profile.
HHR rats had the same myosin phenotypes as C rats
and had a significantly higher proportion of type I and
IIA fibers compared with HH rats. In support of that
result, Lagouge et al. (12) showed that high-fat-diet
mice treated with RES increased the expression of
genes involved in skeletal muscle contraction, and the
researchers suggested that RES influences the transi-
tion of glycolytic fiber type to a more oxidative type.
This effect seems to involve the action of RES on
PGC-1! expression through SIRT-1. Indeed enhanced
expression of PGC-1! was shown to contribute to the
maintenance of oxidative capacity characteristic of
slow-twitch fiber type (70) and the prevention of skel-
etal muscle disuse atrophy in a denervated mouse
model (71).

Further, RES maintained both skeletal muscle oxida-
tive capacities during suspension. This is likely related
to a better preservation of mitochondrial capacity and
quantity. In support of that conclusion, we observed a
lower decrease in gene expression of COXIV and CS
and in the protein amounts of COXIV, SIRT1, and
PGC-1! in HHR rats compared with the HH group.
The HH treatment reduced the mRNA expression of
SIRT-1. SIRT-1 is proposed to enhance the activity of
the genes participating in mitochondrial biogenesis,
notably through PGC-1! (12, 14, 72). We detected a
reduction of mRNA of COXIV and CS but not PGC-1!

in HH rats, while this decrease was less important in
HHR rats. In addition, the lower SIRT-1, PGC-1! (con-
trary to mRNA), and COXIV protein levels strengthen the
hypothesis of a lower mitochondrial respiratory capac-
ity in HH but not in HHR rats. Enhanced mitochondria

biogenesis contributes to an increased uptake and
utilization of substrates and respiration rates (73).
Whether RES promotes PGC-1! expression through
SIRT-1 is still controversial. In a study by Barger et al.

(74) on the retarding effects of RES on aging, PGC-1!

expression remained unchanged in mouse skeletal
muscle. In our study, the expression of PGC-1! was also
not modified. This suggests that RES may prevent a
drop in expression rather than induce overexpression.
Taken together with a maintained expression of CPT1
in HHR rats, the results of the present study suggest
that RES seems to prevent the deleterious conse-
quences of HH mainly by preventing/boosting the
deterioration/function of the mitochondria.

Whether cellular redox imbalance is a key trigger or
a byproduct of unloading-induced muscle atrophy is
still debated (74, 75). Pharmacological agents (vitamin
E, trolox, allopurinol, Bowman-Birk inhibitor) have
been proposed to limit muscle oxidative damage (76,
77). However, muscle benefits were not always related
to their antioxidant activities. For example, long-term
supplementation of the lipid-soluble antioxidant vita-
min E partly prevented soleus muscle atrophy induced
by 14 d of hindlimb unloading, but the protective effect
of vitamin E was due to the modulation of muscle
proteolysis-related genes rather than to its antioxidant
function (78). Given the role of RES as a scavenger of
hydroxyl, superoxide, and metal-induced radicals (79),
the present data show that RES supplementation re-
stored the decreased GSH/GSSG ratio, a biomarker of
oxidative stress caused by unloading. Furthermore, a
complex cytoprotective system including muscle en-
zymes scavenging ROS is recruited during hindlimb
unloading (65, 69). SOD but also GPX activities in-
creased in HH and even more in HHR rats, which is in
line with recent results observed by Jackson et al. (80) in
unloaded gastrocnemius muscles treated with RES
(12.5 mg/kg/d).

Bone function

Bone mass and density decrease especially in weight-
bearing bones in long space missions. Bone structure
normally will respond to application of mechanical
force; thus, unloading enhances weakening of the
bone. Accelerated bone loss is one of the major conse-
quences of long-term spaceflight and is mainly exposed
through the loss of the BMD (81). So far, the osteo-
genic stimulus from exercise countermeasures has
been insufficient to maintain bone mass, probably due
to insufficient dose of exercise (82). In addition, no
convincing results were obtained from pharmaceutical
agents such as vitamin K2, testosterone, or biophospho-
nates (82). Only one study (83) on HH showed that
vitamin E supplements have a modest protective effect.
In the past few years, RES was proposed as a protector
against bone loss, notably due to estrogen-like effects
(84). RES is also known to increase the osteogenic
responses of osteoblasts (17, 74). Our findings extend
those results by showing that HHR rats were able to
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maintain BMD in tibia and femur but also the breaking
load.

Dosing issue for translational studies in humans

The outcomes of this study permit classification of RES
as an efficient countermeasure against the overall met-
abolic and functional consequences of mechanical un-
loading and leave us with the obvious question: that is,
whether we can apply an equivalent dose of RES to
humans during spaceflight. Using the average body
surface area of humans and the constant of Michaelis-
Menten for RES in rats and humans, we calculated that
the dose of 400 mg/kg in rats is equivalent to a dose of
65 mg/kg in humans (85). For an adult of 70 kg, such
a dose would result in a daily intake of 4.5 g. Recently,
la Porte et al. (86) provided healthy humans with a dose
of 2 g of RES 2!/d and did not report any adverse
effects. Similarly, Boocock et al. (87) did not report
serious adverse effects after a single dose of 5 g in
healthy humans. However, the limited number of sub-
jects studied in these two studies does not permit
conclusions on the toxicity of RES. Furthermore, the
effects of chronic administration of RES in humans still
need to be investigated.

CONCLUSIONS

In contrast to most investigations published to date on
the effectiveness of countermeasures against unload-
ing, our results support RES as a valid countermeasure
against most of the metabolic and functional adapta-
tions to mechanical unloading, likely by acting as an
exercise mimetic. Further investigations are necessary
to validate the beneficial effects of RES in bedridden
humans. Those results further present obvious interest
for sedentary populations and bedridden patients.
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a b s t r a c t

Inactivity, as it appears during space flight and in bed rest, induces reduction of lean body

and bone mass, glucose intolerance, and weakening of the cardiovascular system.

Increased protein intake, whey protein in particular, has been proposed to counteract

some of these effects, but has also been associated with negative effects on bone, likely

caused by a correspondingly high ratio of acid to alkali precursors in the diet.

The main hypothesis of the presented cross-over study (MEP study) was that supplement-

ing high protein intake (1.2 g/kg body weight/d plus 0.6 g/kg body weight/d whey protein)

with alkaline salts (90 mmol potassium bicarbonate/d) will maintain lean body mass during

bed rest without increasing bone resorption. A 21-day head-down-tilt bed rest study was

performed to examine several physiological systems in a multidisciplinary approach. Ten

healthy men (age: 3176 years; body weight: 76.575.6 kg) were randomly assigned to the

dietary countermeasure or isocaloric control first, one test subject randomized to the dietary

countermeasure first dropped out after the first campaign.

& 2013 Published by Elsevier Ltd. on behalf of IAA.

1. Introduction

Gravity virtually affects all physiological systems of the

human body. Major impairments observed in weightless-

ness are cardiovascular decrements as well as bone and

muscle loss [1,2]. To meet the daunting challenge of keeping

space travelers healthy on long-termmissions to the ISS and

potential exploration missions beyond low Earth orbit,

space agencies often resort to using ground-based analogs

of space flight to simulate the physiological adaptations in

microgravity and to test potential countermeasures, such as
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artificial gravity, exercise, dietary supplements, and phar-

maceuticals. The head-down-tilted bed rest model (HDTBR)

is regarded as a gold standard for these types of studies [3].

An ideal countermeasure to microgravity-associated adapta-

tions would allow the simultaneous preservation of muscle

mass and function and of locomotion, cardiovascular fitness,

and bone mass, along with the prevention of metabolic

consequences due to changes in body composition and the

endocrine milieu. This multisystem approach underlines the

importance of multidisciplinary countermeasure research.

To optimize cost-effectiveness, scientific research is per-

formed with a relatively small number of subjects, which

requires minimizing any confounding factors and thus

highly standardizing study conditions.

So far HDTBR-tested exercise regimes alone have failed

to fully counteract changes in the musculoskeletal system

[4–7]. Supplemented nutritional intake has been proposed

to enhance the anabolic effects of exercise, and protein and

amino acid intake have been a key focus of these propo-

sals. The reason for studying protein and amino acids is

that supplementation of essential amino acids has been

shown to acutely stimulate muscle protein synthesis in

bed rest, and supplementation of branched-chain amino

acids (BCAAs) led to improved nitrogen retention during

bed rest [8] as well as recovery from the same [9]. Whey

protein in particular contains high amounts of BCAAs and

offers comparatively fast digestion and absorption kinetics

[10]. Hence, whey protein promotes postprandial protein

synthesis during bed rest [11] as well as insulin sensitivity

in ambulatory but obese subjects [12]. Protein and glucose

metabolism affecting properties of whey protein have

been reviewed recently [13]. On the other hand – if it is

not compensated by adequate intake of alkali precursors –

high intake of animal protein contributes to systemic

acidity through metabolism of sulfur-containing amino

acids [14,15] and thus may increase bone demineralization

to buffer the induced acid load [16–18]. Indeed, evidence

from cohort studies shows that bone loss at the femoral

neck, as well as forearm and hip fractures, are associated

with high intake of animal protein [19,20]. Intervention

studies show differences in calcium excretion related to

the level of protein intake [21,22]; an increase in dietary

protein of 1 g has been related to additional renal calcium

losses of 1.6 mg [23]. Bed rest studies showed that the

ratio of animal protein to potassium intake, used as an

index of the ratio of acid to alkali precursor consumption,

also correlates with markers of bone resorption [24].

Therefore, combination of a whey protein supplement

with an alkalizing agent, such as potassium bicarbonate,

seems reasonable to prevent the described detrimental

effect of protein supplementation on bone turnover.

The study presented here, sponsored by the European

and German Space Agency, consisted of 19 experiments

examining the influences of whey protein supplementation

combined with alkaline salt administration as a potential

nutritional countermeasure in multiple physiological sys-

tems. In this paper we present the implementation of the

nutritional countermeasure, describe the standardized study

conditions, the acceptance of and compliance with the

intervention, and discuss aspects of cross-over designed

bed rest studies in light of our experience.

2. Methods

2.1. Study design

The present study (Medium-term bed rest whey protein,

acronym: MEP, ClinicalTrials.gov Identifier: NCT01655979)

tested the effects of combined supplementation of 0.6 g

whey protein (WP)/kg body weight (BW) and 90 mmol

potassium bicarbonate (KHCO3) on several physiological

systems during 21 days of head-down-tilt bed rest (HDTBR)

in 10 healthy male test subjects (Table 1). The study was

conducted in a classical cross-over design (Fig. 1), and the

test subjects were randomized 1:1 to the sequences Control

first and WPþKHCO3 first. In each campaign (MEP-1 and

MEP-2) the subjects were confined to the metabolic ward of

the German Aerospace Center (DLR) for 7 days of environ-

mental and dietary adaptation, 21 days of HDTBR, and 6

days of stationary recovery. Subjects were discharged from

the metabolic ward after the 6 days of reambulation, but

returned 14 and 28 days after completion of HDTBR for

follow-up measurements. The first campaign was con-

ducted in September and October 2011; the second cam-

paign was conducted in February and March 2012.

2.2. Ethics and funding

The study protocol was approved by the ethics com-

mission of the Aerztekammer Nordrhein (Duesseldorf,

Germany) and the study was conducted in accordance with

ethical principles stated in the Declaration of Helsinki. Test

subjects were exposed to X-radiation (peripheral quantita-

tive computed tomography, dual-energy X-ray absorptio-

metry measurements) in the screening process as well as

during the study. The exposure was approved by the Federal

Authority of Radiation Protection (Bundesamt für Strah-

lenschutz, Germany). Written informed consent to the study

conditions was obtained from all test subject candidates.

The study was funded by the European Space Agency

and the German Aerospace Center. All contributing scien-

tific parties organized funding for performance of their

experiments independently.

Table 1

Test subject characteristics at study entrance.

Per protocol

n¼9

Intention to treat

n¼10

Age (Years) 3176 3276

Height (cm) 180.675.8 180.675.8

Weight (kg) 76.575.6 76.175.5

25-OH-D (mg/L) 28.4273.76 28.4473.54

VO2max (l/min) 4.0370.58 4.0670.61

Activity levels

MET score 113742 110740

kcal 12507535 12147517

Step count 1011973202 980773176

PATn 111752 108751

Summed activityn 1006776767 967576681

Data are presented as mean7SD. MET¼metabolic rate for specific

activity/ resting metabolic rate; PAT¼physical activity time.
n n¼7.
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2.3. Study outcomes

An interdisciplinary set of 19 experiments was estab-

lished with the recommendations of a board of nutrition

experts. The primary outcome measurement for the study

was change in body composition; secondary outcomes

were manifold and included changes in body weight; acid

base balance; fat-, glucose-, and energy metabolism; nitrogen

balance; oxidative stress; glucocorticoid activity; the hema-

topoetic system; bone metabolism; bone mineral density and

content; fat accumulation in bone marrow; muscle metabo-

lism; muscle free water and fat content; muscle fatigue and

volume; isometric torque; standing balance; locomotion;

cartilage metabolism and thickness; Achilles tendon struc-

ture; plasma volume; maximum volume of oxygen uptake;

orthostatic tolerance; sympathetic activity and plasma gala-

nin and adrenomedullin during orthostatic stress; visual

orientation; intracranial pressure; and headache.

Most of the related measurements were conducted in

the facilities of the DLR, but some required transportation

to local hospitals. All experiment settings were implemen-

ted under standardized conditions, and the proceedings

were identical in both study campaigns.

2.4. Subject recruitment and screening

Volunteers were recruited by mailings and Internet

advertisements. The selection process started 6 months

before the study onset and included 5 stages: a general

prescreening by telephone (n¼195); a detailed informa-

tion session followed by a questionnaire-based psycholo-

gical prescreening (n¼67); a medical screening including

an intensive medical history, a physical examination, an

eye examination, an orthostatic tolerance test, a resting

electrocardiogram (ECG), a spiroergometry test (including

stress ECG), blood and urine biochemistry, analysis of

vitamin status, nicotine and drug screening (n¼38), a

psychological interview (n¼22), and a dual-energy X-ray

absorptiometry scan (n¼18).

The target population was healthy, nonsmoking men of

average weight (body mass index 20–25 kg/m2), aged

between 20 and 45 with a maximum relative oxygen

uptake of 30–60 ml kg"1 min"1. The following exclusion

criteria were defined: drug consumption, alcohol excess,

vegetarianism, claustrophobia, porphyria, blood dyscrasia,

Achilles tendon injury, cruciate ligament fracture, any

fracture within 1 year before study onset, femur and

lumbar spine bone mineral density 1.5 SDrT-score, severe

orthostatic intolerance, kinetosis, hiatal hernia, hyperlipi-

demia, renal insufficiency, anemia, infectious diseases,

intraocular hypertension, as well as any history of psy-

chiatric diseases, migraine, muscle/cartilage/joint diseases,

herniated disc, chronic back pain, diabetes, rheumatism,

renal stones, hyper/hypothyroidism, hyper/hypouricemia,

hyper/hypocalcemia, hyperhomocysteinemia. Any nutrient

deficiency was also defined as an exclusion criterion. As

iron or folic acid insufficiency (Hbo13.5 g/dL, transferrin

saturation o15%, or ferritin o11 mg/dL, folic acid o5.4

ng/ml) appeared very often at the initial screening (15 out

of 22), candidates were advised to supplement iron or folic

acid, respectively. Levels were checked again when sub-

jects entered the lab, and subjects were allowed to start

the study only if their iron or folic acid levels were

sufficient. Because subjects would be exposed to 21 days

of immobilization, negative results of a thrombophilia

screening panel (ATIII, Protein C and S, F-V-Leiden, Pro-

thrombinmut, Lupus-PTT) were mandatory for final inclu-

sion in the study. A total of 14 participants successfully

completed all screening stages.

2.5. Test subjects

Ten healthy male test subjects were enrolled to parti-

cipate in the study. One test subject randomized to WPþ

KHCO3 first discontinued the study for medical reasons.

2.6. Evaluation of baseline characteristics

2.6.1. Habitual nutrient intake

Habitual nutrition was assessed by 7-day food diaries

before the start of the first study campaign. All entries

were analyzed using the computer-based calculation soft-

ware PRODI 4.2 (Nutri-Science GmbH, Hausach, Germany)

(Table 2).

2.6.2. Habitual activity levels

To evaluate whether habitual physical activity levels of

the test subjects were comparable before both campaigns,

physical activity was assessed by self-reported question-

naires, step counters, and accelerometers. Each volunteer

filled out the “Freiburger questionnaire of physical activ-

ity” [25] roughly 1 month before the start of each cam-

paign. The validated original questionnaire contains 12

questions concerning the type, frequency, and duration of

various activities in daily life, leisure time, and sport over

the last week or month. Items 9–12 (questions about

Fig. 1. Study design. HDT¼head-down-tilt.
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relaxation times and sleep duration) were omitted in the

present study, as they were not directly related to physical

activity [26]. The different activities filled in by the sub-

jects were subsequently coded into metabolic equivalents

(MET) according to Ainsworth et al. [27] and reference

values provided by the U.S. National Cancer Institute [28].

A MET is defined as the ratio of the associated metabolic

rate for a specific activity divided by the resting metabolic

rate, which is by definition 1 MET. Accordingly, every

activity-specific MET value was multiplied by the indivi-

dual weekly amount of time spent on the activity. To

assess the additional energetic cost of the physical activity,

resting MET scores were subtracted from the total MET

score, and a mean daily MET score was constructed.

To additionally quantify daily steps and intensity of

activity, digital step counters (Yamax Digiwalker SW200)

and 3-axis digital accelerometers (X-16 A, Gulf Coast Data

Concepts, USA) were used for 7-day phases roughly 1

month before the start of each campaign. Each subject

received individual marked devices, which continuously

recorded from 5:30 am to 11:00 pm (accelerometry:

20 Hz). The accelerometer was taped horizontally to a

stretch belt and centered anteriorly on the sagittal plane.

Each subject received a logbook and was instructed to

record specific activities or events that could be taken into

account during the analysis of the recordings. The data

were resampled to 8 Hz with the Java-based software

program “XLR8R” provided by Gulf Coast Data Concepts.

To assess physical activity, all data were then converted

from voltage to acceleration by dividing each data point by

1024. The resultant acceleration (GR) for each time point

was calculated as GR¼sqrt Gx2þGy2þGz2. Subsequently 1

G (representing zero activity) was subtracted from the

resultant accelerations. Data points with delta G-levels

that ranged from #1 to 0 G, and with delta G-levels that

exceeded 0 G, were classified as physical activity. As we

wanted to have an estimate for the duration and “inten-

sity” of physical activity, in terms of G-load, the negative

delta G-levels were converted to positive values. To limit

the possibility of erroneously accrediting all delta accel-

erations, only G-levels exceeding 0.05 G were classified as

physical activity. Physical activity time (PAT, [min]) was

calculated from the number of data points representing

physical activity (N)/8/60. Total daily activity was calcu-

lated as the sum (area under the curve) of the G-level

histogram. Results of step counts were entered into log-

books at the end of each day. Mean daily values were

subsequently constructed for comparisons.

2.6.3. Standardization of vitamin D status

Circulating 25-hydroxyvitamin D (25-OH-D) levels of

20–30 μg/L are regarded as adequate to prevent the risk of

osteomalacia [29,30]. In the northern European popula-

tion, 25-OH-D levels not only are often insufficient, but

also vary widely [31]. This heterogeneity in vitamin D

status before a study starts can confound the precise

analysis of the effects of nutritional intervention during

bed rest on various physiological systems, such as bone

metabolism. To ensure adequate and thus more homo-

geneous baseline levels of 25-OH-D in all test subjects, we

recommended daily vitamin D3 supplementation 8 and 4

weeks before the start of the first and the second cam-

paign, respectively. Total doses were calculated on an

individual basis according to Van Groningen et al. [32],

taking body weights and initial 25-OH-D3 levels into

account: total loading dose (IU)¼40$ (75–25-OH-D3

(nmol/L)$body weight (kg). Daily doses were calculated

and were 15007800 IU before the first campaign and

with respect to the shortened timeframe (8 weeks vs. 4

weeks) were 310071100 IU before the second campaign.

Serum 25-OH-D2/3 and 1,25-(OH)2-D2/3 have been ana-

lyzed by liquid chromatography-tandem mass spectro-

metry (LC-MSMS, Waters, Eschborn, Germany).

2.7. Metabolic ward conditions

The subjects were encouraged to keep a constant day

and night cycle during the entire study, and they were

verifiably awake for 16–17 h and advised to sleep for 7–8 h

during the night. Ward lights were turned off from 11 pm

to 6 am. Temperature and humidity inside the metabolic

ward were controlled during the study (21.571 1C, 407

6.3%).

2.7.1. Activity levels during stationary adaptation

During the adaptation and recovery periods, the sub-

jects were free to walk around inside the metabolic ward.

All daily activities such as reading, eating, and watching

television were performed in a seated position with both

feet on the ground. Activity levels were assessed by digital

step counters and accelerometry (cf. 2.6.2 Habitual Activity

Levels) from 6:30 am–11:00 pm.

2.7.2. 61 Head-down-tilt bed rest

During the intervention periods, subjects were con-

strained to HDTBR 24 h/day. All activities of daily living

such as eating, body weight measurements, and hygienic

procedures took place in bed. For any measurements

performed outside the metabolic ward or that area of the

DLR, transportation was arranged in a head-down-tilt

position. The subjects were allowed to change their posi-

tion horizontally, as long as at least one shoulder remained

Table 2

Habitual daily nutrient intake.

Mean daily

intake

Intersubject

variability (SD)

Intrasubject

variability (SD)

Energy (kcal/d) 2573 1014 626

Protein (g/d) 114 69 33

Protein (g/kgBW/d) 1.5 0.8 0.4

Protein (E%) 17 4 3

Fat (g/d) 97 42 38

Fat (E%) 34 6 7

Carbohydrates (g/d) 294 100 76

Carbohydrates (E%) 50 8 7

Fiber (g/d) 33 19 18

Fluid (ml/d) 2379 1758 567

Calcium (mg/d) 1592 666 495

Potassium (mg/d) 3135 2524 1068

Sodium (mg/d) 6 5 6

Magnesium (mg/d) 442 162 130

Phosphorus (mg/d) 1718 1274 581

Data are presented as mean7SD (n¼9). BW¼body weight.
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in contact with the mattress. Muscular activity of the

lower extremities was prohibited. For tension release a

passive physical therapy was included regularly at 3- to 4-

day intervals.

Adherence to the study rules was controlled by study

nurses. Additionally, compliance with the requirements of

bed rest was verified by 24 h/day video monitoring, with

random real-time control.

2.7.3. Medical care

Blood pressure, heart rate, and body temperature were

measured daily, and clinical safety parameters were mea-

sured at the start of confinement, after 10 days of HDTBR,

and on the last day of confinement. All safety parameters

were assessed by an independent medical doctor who

monitored the subjects' health status during daily ward

rounds and was responsible for documentation of adverse

events according to good clinical practice. Medications

prescribed during the study were mild antiemetics (meto-

clopramide, Dorithricin; two subjects in MEP-1) and

analgesics (paracetamol, ibuprofen; 3 subjects in MEP-1

and one subject in MEP-2). To benefit the well-being of the

test subjects, psychological support was provided around

the midpoint of the bed rest period, when stress tends

to peak.

2.8. Sample collection

2.8.1. Blood and urine sampling

Fasting (9 h) blood samples were collected shortly after

awakening, with the subject in the supine or head-down-

tilt position, according to study phase. Samples were taken

from an antecubital vein through a short catheter into

provided tubes that met the requirements of the respec-

tive experiments (Monovettens, Sarstedt, Germany; Vacu-

tainers, BD, USA). The pre-analytic processing of the

samples was realized in accordance with the requirements

of the respective experiments. In each campaign a total of

630 ml blood was collected from each test subject.

Urine was collected void by void, stored at 4 1C, and

pooled in the laboratory for 24-h collection periods.

2.8.2. Urinary pH

The pH of 24-h urine pools was measured on given

study days with a pH-sensitive electrode (inoLab pH720;

WTM, Weilheim, Germany).

2.8.3. Body weight measurements

Body weight was measured each morning in the fasted

state (electronic scale, IS150IGG-S0CE, Sartorius, Göttingen,

Germany) in the head-down-tilt or seated position after the

first void of the day, and after any blood draws. Subjects

were asked to exhale and hold the breath during the

measurement.

2.9. Diet

Diet composition followed the requirements given by a

standardization document of ESA (“Standardization of bed

rest study conditions” Version 1.5) to compare results from

all human ground-based and flight studies.

During both stationary study campaigns the test sub-

jects received an individually tailored and strictly con-

trolled diet with relatively constant nutrient intake from

day to day, to avoid any impact of nutrient supply on study

outcomes. On the first day in the ward, resting metabolic

rate (RMR) was computed by indirect calorimetry (Delta-

trac II MBH 200 Metabolic Monitor, Datex Ohmeda, Madison,

Wisconsin, USA). To account for the low physical activity level

during the adaptation and recovery periods, the number of

calories provided was based on 160% of RMR (RMR, plus 0.5

RMR for activity level, and 0.1 RMR for diet-induced thermo-

genesis), whereas during the bed rest period this was reduced

to 120% of RMR (0.1 RMR for activity, and 0.1 RMR for diet-

induced thermogenesis) [33]. Methylxanthine derivates (e.g.,

caffeine), alcohol, and flavor enhancers were prohibited.

Intake of all nutrients at least matched the Recommended

Dietary Allowances (RDAs) [34] and was strictly controlled by

tight tolerance limits for each nutrient to reduce variance. The

average nutrient intake is documented in Table 3. As theward

is underground, subjects were excluded from sunlight during

the study campaigns and were supplemented with 1000 IU

vitamin D3/day during both campaigns. Compliance was

supervised by study nurses. As the contribution of dietary

vitamin D to 25-OH-D levels is regarded as negligible for

people consuming Western diets [35], dietary vitamin D

intake was not controlled.

Individual menus for each test subject were deter-

mined with the nutritional calculation software PRODI

(Nutri-Science GmbH, Germany). To avoid discrepancies

in nutrition facts of processed foods, these were either

made in house (bread, sauces) according to the method

of weighed intake [36] to account for water losses, or

provided by a local manufacturer (meat, fish) (Apetito AG,

Rheine, Germany) with accurate nutrition facts, or chemi-

cally analyzed (ham, cheese). All meals were prepared in

the metabolic kitchen according to the method of weighed

intake [36] with an accuracy of 0.01 for NaCl and 0.5 g for

all other foods. Subjects received six meals per day at 8 am,

10:30 am, 1 pm, 4 pm, 7 pm, and 9:30 pm; the majority of

energy intake was given with the main meals (8 am, 1 pm,

7 pm). If experiment conditions required a fasted state,

energy and nutrient intake were transferred to the remain-

ing meals. To compensate for energy and water loss follow-

ing physically demanding experiments additional fluid and

energy intake was administered in the form of water and

diluted-apple juice. Energy loss was calculated based on

oxygen uptake; water loss was metered from body weight

changes.

2.10. Intervention

The intervention of the presented study was a com-

bined supplementation protocol of 0.6 g whey protein/kg

BW/d and 90 mmol of KHCO3/d. The whey protein iso-

calorically replaced fat and carbohydrates in a ratio of 1:1.

To distribute the load over the day, the daily doses were

divided into 6 subdoses (6!0.1 g WP/kg BW/dþ15 mmol

KHCO3) and given with each meal. If experiment condi-

tions required a fasted state, the doses were allocated to

the remaining meals. All subjects strictly adhered to the
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supplementation protocol and the given doses. Compliance

with the respective diet was supervised by study nurses.

Nutrient information about the selected whey protein

isolate (Diaproteins, Dr. Steudle, Linden, Germany), deter-

mined by an independent lab (Eurofins Analytis, Cologne,

Germany), is presented in Table 4. Content description is

based on true analysis except that energy and carbohy-

drate content refer to approximate analysis. To neutralize

the bitter taste of the protein, the powder was solved in

yoghurt, cream, or water and enriched with mixed fruit or

herbs. The potassium bicarbonate was provided by a local

manufacturer (Krueger GmbH, Bergisch-Gladbach, Germany)

in effervescent form. The tablets were dissolved in 100 ml of

tap water immediately before the meal was served (mineral

content of tap water [mg/100 g]: Ca2þ: 7, Mg2þ:1, Cl":3,

Naþ:2, Kþ:0, P: 0).

With respect to the very high protein intake of the

WPþKHCO3 group and an increasing satiety with protein

compared to carbohydrates or fat [37,38], tolerance of the

supplement was evaluated by use of subjective equilateral

rating scales. After dinner the subjects filled out a visual

analog scale to assess their satiety and feelings of nausea.

Provided in its native matrix (i.e., dairy products), the

whey protein isolate did not cause any reported feelings of

nausea, and despite the high protein content of the diet,

satiety did not reach the upper limit of the rating scale: on

a subjective equilateral rating scale from 1 to 10, the mean

Table 3

Daily nutrient intakes throughout the study.

Adaptation

(Mean Campaign 1/2)

61 HDT bed rest

control

61 HDT bed rest whey

proteinþKHCO3

Recovery

(mean campaign 1/2)

Energy (kcal/d) 26987209 20297178 20287124 26937205

Protein (g/d) 9476 9477 13678 9376

Protein (g/kgBW/d) 1.2170.01 1.2370.01 1.7970.02 1.2270.01

Protein (% TEE/d) 1471 1972 2872 1471

Fat (g/d) 8677 6576 5474 8677

Fat (% TEE/d) 3070 2970 2570 3070

Carbohydrates (g/d) 369735 255729 236722 369734

Carbohydrates (% TEE/d) 5671 5172 4872 5671

Fiber (g/d) 3471 3472 3672 3371

Fluid (ml/d) 38567254 38537292 38607227 38567254

Fluid (ml/kgBW/d) 49.970.4 50.870.5 50.170.6 50.670.6

Calcium (mg/d) 1042723 1070732 1232724 1079734

Chloride (mg/d) 62407400 62417449 60947281 62717415

Potassium (mg/d) 3554766 35267149 37857104 35577125

Sodium (mg/d) 38347268 38957316 38617237 38267291

Sodium (mmol/kgBW/d) 2.1670.02 2.2370.03 2.2170.03 2.1870.04

Magnesium (mg/d) 463713 432726 487731 451717

Phosphorus (mg/d) 1609724 1623772 1709764 1644750

Iron (mg/d) 17.670.8 15.371.3 15.870.6 17.271.0

Fluoride (mg/d) 32527147 31927283 32907164 33047177

Jodide (mg/d) 209710 208719 211711 212714

Zinc (mg/d) 12.470.3 12.070.5 11.070.4 12.270.5

Copper (mg/d) 2054766 18737137 1957783 1967764

Biotin (mg/d) 64.472.0 65.273.6 68.173.8 64.874.0

Folic acid (mg/d) 1012737 928779 1056742 1049738

Niacinequivalent (mg/d) 3711471876 3667873167 3966772705 3859372223

Pantothenicacid (mg/d) 6.270.1 6.570.4 7.270.4 6.370.3

Retinolequivalent (mg/d) 17187151 22677248 22637236 22227202

Vit B1 (mg/d) 2.070.1 1.770.1 1.670.1 2.071.0

Vit B12 (mg/d) 3.970.4 4.370.4 4.170.2 4.770.5

Vit B2 (mg/d) 1.970.1 1.870.1 1.970.1 1.970.1

Vit B6 (mg/d) 2.470.1 2.270.2 2.370.1 2.470.1

Vit C (mg/d) 19579 191716 22178 204720

Vit E (mg/d) 18.171.6 16.173.1 18.072.8 18.972.4

Vit K (mg/d) 179710 196712 196712 180711

PRAL (mEq/d) 1573 1371 2672 1772

Data are presented as mean7SD, n¼9. Energy intake matched total energy expenditure (TEE). HDT¼head-down-tilt, BW¼body weight,

PRAL¼potential renal acid load of the diet.

Table 4

Whey protein isolate.

Intake (g/d) 46.372.8

Energy (kcal) 384.4

Protein (g) 85.4

Fat (g) 0.2

Carbohydrates (g) 7.9

Fluid (ml) 3.8

Calcium (mg) 540

Potassium (mg) 450

Sodium (mg) 190

Magnesium (mg) 95

Chloride (mg) o10

Phosphorus (mg) 220

PRAL (mEq) 22.1

Mean intake7SD (n¼9) and nutrient content (in 100 g).

PRAL¼Potential renal acid load of the diet.
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feeling of nausea was 0.4 with an intra- and intersubject

variability of 0.6. Mean satiety was documented as 4.8 on

a subjective equilateral rating scale from 1 to 6, with an

intrasubject variability of 0.4 and an intersubject variabil-

ity of 1.3. Judging by results from previous studies [39–41],

we did not expect any adverse reactions to the KHCO3

supplementation. For safety reasons serum potassium

levels were checked 10 days after the intervention started,

but no hyperkalemia was observed.

2.11. Dietary acid load

Potential renal acid load of the diet (PRAL) was calcula-

ted as 0.268Cl!þ0.0366PO3!
4 þ(0.488#10!3)# Protein!

0.0413Naþþ0.0205Kþ
þ0.063Mg2þþ0.0155Ca2þ according

to Remer [14]. The model was modified with respect to

different absorption rates of calcium during bed rest [42]. The

control group received a basic diet with a protein content

based on habits of astronauts and the Western terrestrial

population [43–45], but still higher than the typical recom-

mendations (1.2 g protein/kg body weight/day) [34]. The

PRAL was moderately acidifying (1371mEq/d), according

to findings from common omnivorous diets [46]. The mean

PRAL of the diet during WPþKHCO3 was 2672mEq/d

(Table 4), of which the whey protein supplement generated

a net acid load of 24.5 mEq/100 g (75 kg945 g WP/d911

mEq PRAL/d). On the contrary, with an average absorption of

80%, the PRAL of 90 mmol KHCO3/d amounts to !72mEq/d.

Accordingly the overall PRAL of the diet during WPþKHCO3

was !46 mEq/d. The net difference in overall dietary acid

load between Control and WPþKHCO3 was !59 mEq/d.

2.12. Statistical analysis

Statistics were calculated with the software STATISTICA

(StatSoft, Germany). All results are presented as means7

SD of 9 test subjects who finished the protocol unless

otherwise noted. Consistency of baseline vitamin D status,

body weight, and physical activity (based on question-

naires) between campaigns (MEP-1 vs. MEP-2) and treat-

ment groups (Control vs. WPþKHCO3) was evaluated by

Student's paired t-test for dependent samples. For evalua-

tion of all other data a general linear model was used. To

compare habitual and stationary step count and accelero-

metry data between study campaigns and treatment

groups, categorical predictors “study campaign” (MEP-1

vs. MEP-2) and “treatment groups” (Control vs. WPþ

KHCO3) were used. For comparison of body weight during

the two study campaigns, “treatment” (Control vs. WPþ

KHCO3) and “study phase” (Adaptation vs. HDTBR vs.

Recovery) were the categorical predictors analyzed. When

differences in “study phase” occurred, a post hoc test

(Tukey) was performed to differentiate between the three

study phases. To analyze the extent of alkalinization

during WPþKHCO3, “treatment” (Control vs. WPþKHCO3)

was analyzed as a categorical predictor for urinary pH.

Differences between means were considered statistically

significant when p o0.05.

3. Results

3.1. Baseline characteristics

Baseline characteristics are presented in Table 1 for the

10 test subjects who started the study, and the 9 test

subjects who finished the protocol.

3.1.1. Habitual nutrient intake

Habitual nutrient intake was very heterogeneous

(Table 2, intersubject variability and intrasubject variabil-

ity), and no statistically significant differences were

detected. In general mean fat and protein intake seemed

to be greater under free-living conditions than in the ward

(cf. 2.8 Diet, Table 3), whereas the relative proportion of

carbohydrate was less.

3.1.2. Habitual activity levels

The mean daily MET score before the first study

campaign was significantly higher than the score before

the second (113742 vs. 83732, p¼0.026). Expressed in

daily kilocalories expended on physical activity, this

accounts for 12507534 kcal and 9147345 kcal, respec-

tively (p¼0.034). The step counts were also significantly

higher before the first study campaign (1011973202 vs.

725273212, po0.001). Accelerometry data were ana-

lyzed for n¼7 due to hardware failure. No differences

in physical activity time were observed before the cam-

paigns (111753 vs. 85760 min (p¼0.204), although the

summed activity before the second campaign tended to be

less than the activity before the first (782474593 G

vs. 1006776768 G, p¼0.073). However, no differences in

baseline levels between the treatment groups were

observed in any measure of activity levels (MET score:

Control, 98747; WPþKHCO3, 98732; p¼0.957; kcal:

Control, 10907580; WPþKHCO3, 10757362; p¼0.937;

step count: Control, 896773496; WPþKHCO3, 83347

2717; p¼0.678; PAT: Control, 95738 min; WPþKHCO3,

109769 min; p¼0.278; summed activity: Control, 81977

4155 G; WPþKHCO3, 947876937 G; p¼0.307).

3.1.3. Vitamin D status

Individualized vitamin D supplementation before the

first campaign increased pre-study 25-OH-D3 levels from

20.778.2 to 28.473.8 mg/L within 8 weeks (p¼0.033).

Simultaneously levels of 1,25-(OH)2-D3 tended to be

higher (34.7713.9 vs. 50.0710.0 ng/L; p¼0.062) (n¼7,

due to missing samples). Contribution of D2 metabolites

was negligible. When the same approach was used within

a shortened timeframe before the start of the second

campaign, baseline 25-OH-D3 levels were significantly

higher than at the start of the first campaign (33.372.2

vs. 28.473.8 mg/L, p¼0.006). However, this difference is

considered of minor relevance. As targeted at the start of

both study campaigns, vitamin D levels were in the range

of 20–30 mg/L, to avoid any confounding influence of

vitamin D insufficiency. There was no difference in 25-

OH-D3 baseline levels between the treatment groups

(Control, 29.271.2 mg/L; WPþKHCO3, 32.572.9 mg/L;

p¼0.106).
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3.1.4. Body weight

No differences in baseline body weight were apparent

between the two study campaigns (MEP-1, 76.575.6 kg;

MEP-2, 77.774.8 kg; p¼0.106) or between the treatment

groups (Control, 77.075.9 kg; WPþKHCO3, 77.274.6 kg;

p¼0.809).

3.2. Activity levels during stationary adaptation

During both campaigns and in both treatment groups

step counts during stationary adaptation were comparable,

being 33437897 in the Control group and 32447914 in

the WPþKHCO3 group (MEP-1: 32857805, MEP-2:

33127601, p¼0.960). The amount of 3000–3500 steps/

day generally classifies the subjects as sedentary [47].

Likewise, neither the mean daily physical activity time

(58728 vs. 5579 min, p¼0.764), nor the mean daily

summed activity 360671304 vs. 324171864 G (p¼0.301)

differed between campaigns or treatment groups (PAT:

Control, 51724 min; WPþKHCO3, 62763 min; p¼0.649;

summed activity: Control, 323771139 G; WPþKHCO3,

360272020 G; p¼0.290). However, when pooled data sets

of free-living (cf. 2.5.2 Habitual Activity Levels) and station-

ary conditions were compared, the mean step count, PAT,

and summed daily activity were significantly less during

stationary conditions (all po0.001). The relative losses in

step count, PAT, and summed daily activity were #5878%,

#43718%, and #59710%, respectively.

3.3. Basic results of the intervention

3.3.1. Body weight

No overall difference in body weight dependent on the

treatment was observed (mean Control, 75.675.2 kg;

mean WPþKHCO3, 76.074.5 kg; p¼0.410). A significant

decrease in body weight of 1.4 kg was observed in both

groups with HDTBR (overall mean adaptation phase,

77.275.0 kg; overall mean HDTBR, 75.874.9 kg; p¼

0.019). However, we did not see increased fluid excretion

during HDTBR relative to the adaptation period (overall

mean adaptation phase, 28707395 ml; overall mean

HDTBR, 28867355 ml; p¼0.935).

3.3.2. Urinary pH

With an average PRAL of 13 mEq/d in the control

subjects, the urinary pH was 6.5370.20, while – as

expected – during WPþKHCO3 supplementation (mean

PRAL: #46 mEq), urinary pH was significantly higher

(7.1170.14, po0.001) (Fig. 2). Accordingly the PRAL

reduction of #59 mEq/d led to an increase in urinary pH

of 0.58 units.

4. Discussion

In this reference paper we describe the standardized

and strictly controlled study conditions of a multidisci-

plinary bed rest study examining the effects of whey

protein and potassium bicarbonate supplementation and

portrait the quite homogenous group of 9 healthy young

volunteers who finished the protocol.

The nutritional intervention was chosen to constitute

an accentuated contrast to the basic diet, to detect changes

within a short timeframe of 3 weeks: whereas the control

diet was moderately acidifying with a rather high protein

intake, matching Western habits [45], the nutritional

intervention was composed of an additional protein load

but nonetheless an alkalizing diet. More alkaline urine

confirmed an alkali over acid production under this supple-

ment regime. However, though protein intake increased to a

very high level (1.8 g/kgBW/d), administration of the whey

protein isolate in the form of naturally flavored dairy products

did not cause any obvious adverse reactions. On the other

hand, providing the whey protein in dairy products may have

changed dietary patterns and led to a higher consumption of

animal fat and protein. Additionally the isocaloric reduction

of fat and carbohydrate intake may influence metabolism

itself, independently from protein supplementation.

Individual responses to the nutritional intervention and

to immobilization itself may have been caused by differ-

ences in activity levels before the study campaigns began.

We observed an average of 25% higher activity levels during

the summer (campaign 1) than in mid-winter (campaign 2),

which likely resulted from a seasonal influence. However, as

the intervention was applied in a cross-over design and we

did not find systematic differences in baseline levels before

the treatments (Control vs. WPþKHCO3), we assume that

an overall confounding of the effects expected by the

intervention was minimized by application of the cross-

over design. Elaborate training sessions between campaigns

of bed rest studies having a cross-over design might lessen

the risk of seasonal influences on baseline activity and at the

same time reduce the possibility of carrying over disuse-

induced deconditioning to the subsequent campaigns.

Although in this study a washout period of 4 months was

set to reduce the possibility of carrying over influences of

the nutritional countermeasure or of bed rest, such influ-

ences may not have been fully eliminated.

Comparable training sessions also seem reasonable

during stationary adaptation, as our results imply. Pooled

data sets show a physical preconditioning during station-

ary adaptation in both campaigns and in both treatment

groups. This may dilute potential bed rest effects and

accordingly influence the magnitude of the total response

to the supplementation of whey protein and KHCO3. For
Fig. 2. Urinary pH throughout the study. Data are presented as

mean7SD (n¼9). †“Treatment effect”.
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future campaigns an appropriate imitation of habitual

activity patterns, to result in more activity and avoid

preconditioning to inactivity during a stationary adapta-

tion period, seems reasonable. This imitation should be

based on habitual activity patterns, classified by means of

the described combination of questionnaires, step counts,

and accelerometry. An active population sample (410,000

steps/d), homogenous in activity patterns (i.e., proportion

of resistive vs. endurance exercise) would complete this

approach.

5. Conclusion

In conclusion, 3 weeks of daily supplementation of

6!0.1 g whey protein isolate/kg BW on top of a 1.2-g

protein/kg BW diet seemed to be a tolerable approach

during 3 weeks of HDTBR. Simultaneous alkalinization was

achieved by daily administration of 6!15 mmol KHCO3.

Differing activity levels may have affected specific out-

come measures. The results of the presented study may

provide evidence of the influence of a diet high in protein,

but nonetheless alkaline, on several physiological systems

affected by 61 head-down-tilt bed rest. Altogether these

results can constitute a further step in multidisciplinary

countermeasure research, in particular for immobilized

people such as those in bed rest or space flight.
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