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27+)E#*,! 8,-! (+! 3,51-(! 8#-#! +# ! ,1'(&0):&! *(! 0)(-',$! 9/-5#0,$?! 9-#4#&0)#$?! $#1,-($?! $28+(5(&',$!

#+)5(&70),$?!8($70)*#$!;!,'-,$!)&$25,$!*(!)&'(-C$!8#-#!+#!)&*2$'-)#!@2%5)0#!A_,3+5#&&?!LYY`BD!

P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV

$



! "# !9,-5#0):&!*(!+,$!8-(02-$,-($!=OO!ADB!;!rVZOO!ADDB!($ !(+!82&',!0+#.(!8#-#!+#!1),$%&'($)$!*(!+# !*(!

+,$!'(-8(&,$!A"KO5;PM' IBD!a#+($!8-(02-$,-($!*(-).#&!*(!*,$!.%#$!5('#1:+)0#$!02;,$!&,51-($!*(1(&!$2!

,-)4(&!#!+,$!)&'(-5(*)#-),$!)*(&7F0#*,$!(&!(++#$l!+# !-2'# !*(+ !/0)*,!5(.#+:&)0,! AV<ZB! ;! +#!-2'#!*(+!LRPR

5(7+(-)'-,*),+!9,$9#',!AVGOB!'#51)C&!0,&,0)*#!0,5,!+#!-2'#!*(!+#!KR*($,N)RrRN)+2+,$#RQR9,$9#',!ArWwOBD!

",$!#&)5#+($?!#+ !8#-(0(-?! 0#-(0(&!*(!+#! -2'#!VGO!#$%!@2(!27+)E#&! +#!*(+!V<Z! (N0+2$).#5(&'(l!5203,$!

,'-,$!,-4#&)$5,$?!)&0+2;(&*,!+#$!8+#&'#$?!7(&(&!+#!0#8#0)*#*!*(!(58+(#-!#51#$D!G&!+#$!8+#&'#$?!+#$!*,$!

-2'#$! 8#-(0(&! ($'#-! 0,58#-'#5(&'#+)E#*#$?! ;#! @2(! +#$! (&E)5#$! )&.,+20-#*#$! (&! +#! -2'#! V<Z! $(!

(&02(&'-#&!(&!(+!0)',$,+?!5)(&'-#$!@2(!+#$!(&E)5#$!*(!+# !-2'#!VGO!$(!(&02(&'-#&!(&!+,$!0+,-,8+#$',$D!",$!

$($@2)'(-8(&,$?!'-)'(-8(&,$ !;!($'(-,)*($!$,&!9,-5#*,$!8,-!+#!-2'#!V<Z?!5)(&'-#$!@2(!,'-,$!'(-8(&,)*($!

A5,&,R?!*)R?!'('-#'(-8(&,$B!;!0#-,'(&,)*($!$(!9,-5#&!(&!+,$!0+,-,8+#$',$!;!$,&!*(-).#*,$!*(!+# !-2'#!VGOD!

GN)$'(&!8,-!$282($',!#!($'#!4(&(-#+)E#0):&!(N0(80),&($!;!'#51)C&!(N)$'(&!(H(58+,$!*,&*(!+#$!*,$!-2'#$!

5('#1:+)0#$!82(*(&!.(-$(!)&.,+20-#*#$!(&! +#!$%&'($)$!*(!*)9(-(&'($!8#-'($ !*(!2&#!5,+C02+#!Ar(d)0h!OD?!

LYYcBD

"KO5;PM'IJ'A+-KQ<N;K+K',;'N;26;<-K'(F;R+*S'HJT'7889:

OPPOPP

Via MVA
(Citosol)

Via DXP
(Cloroplastos)

DMAPP
Difosfato de dimetilalilo

IPP
Difosfato de isopntenilo

Hemiterpenos (C5)

OPP
Monoterpenos (C10)

GPP
Difosfato de geranilo

IPP

OPP

FPP
Difosfato de farnesilo

Sesquiterpenos (C15)

IPP

GGPP
Difosfato de geranilgeranilo

Diterpenos (C20)

IPP

OPP

OPP

GFPP
Difosfato de geranilfarnesilo

Sesterterpenos 
(C25)

Triterpenos (30)

Tetraterpenos (40)
Carotenoides

Esteroides (C18-C30)
X2

X2

I II

III

P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV
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' IJIJ7J'U5<*+V<'W+-4VX+*M

! ",$!)$,8-(&,)*($!;!$2$!*(-).#*,$!H2(4#&!2&!8#8(+!0+#.(!(&!',*,$ !+,$!#$8(0',$!*(!+#!.)*#D!G+!8#8(+!

@2(!7(&(&!(&!+#!*(9(&$#!;!-($)$'(&0)#!#!(&9(-5(*#*($!($!($8(0)#+5(&'(!-(+(.#&'(!(&!8+#&'#$!+(s,$#$D!Z!

8($#-! *(! @2(! $2! 1),@2%5)0#! ;! +# ! 5,.)+)E#0):&! *(! ($'#$! $2$'#&0)#$! (&! +#$! ($8(0)($! 5#*(-(-#$! ($!

($0#$#5(&'(! 0,58-(&*)*,?! ($! 1#$'#&'(! 0+#-,! @2(! ($',$! 8-,0($,$! $,&! *(! 0(&'-#+! )58,-'#&0)#! (&! +#$!

)&'(-#00),&($!(0,+:4)0#$!0,&!$2$!8#-/$)',$!;!*(8-(*#*,-($ !#$,0)#*,$D!M2!#0252+#0):&!(&!+,$!:-4#&,$!*(!

',*#$!+#$ !8+#&'#$!(&!4-#&!.#-)(*#*!*(!9,-5#$!U$)0#$!A#0()'($?!-($)&#$?!4,5#$?!+/'(N! ;!0(-#$B!82(*(!$(-!(+!

-($2+'#*,! *(!+,$!8-,0($,$!F$),+:4)0,$!&,-5#+($!,! +# !-($82($'#!#!+,$!8-,0($,$!*(!0,-'(!,! )&9(00):&!8,-!

,'-,$!,-4#&)$5,$!AP-,'(#2?!Kc`QBD!

! Z+42&#$! *(! $2$! 92&0),&($! F$),+:4)0#$?! 5('#1:+)0#$! ;! ($'-20'2-#+($! )&0+2;(&! (&'-(! ,'-#$l!

-(42+#0):&! *(! +#! (N8-($):&! 4(&C70#?! 0,&$7'2;(&'($ !*(! 5(51-#&#$?! .)'#5)&#$?! #4(&'($! 5)0-,1)#&,$?!

9(-,5,&#$?!3,-5,&#$!-(8-,*207.#$!A>,+$'()&?!LYYXB?!0#8'#0):&!*(!+#!+2E!(&!+,$!8-,0($,$!9,',$)&'C70,$?!

8#-70)8#0):&! (&! +,$ !8-,0($,$!*(!*(9(&$#?!$)51),$)$!;! -(8-,*200):&! -(+#0),&#*,$!0,&! +#$! )&'(-#00),&($!

'-,F0#$! @2(! 7(&(&! +#$! 8+#&'#$! 0,&! ,'-,$ ! ,-4#&)$5,$ ! #0'2#&*,! 0,5,! -(8(+(&'($?! #'-#0',-($?! #&7R

*(8-(*#*,-($?! ',N)&#$!,! #&71):70,$!Ao(-$3(&E,&?!LYYSBD! Z+42&,$!*(!($',$ !'(-8(&,)*($!($8(0)#+)E#*,$!

8,$((&!*)$7&',$!8#'-,&($ !*(!*)$'-)120):&!'#N,&:5)0#?!8,-!+,!@2(!0)(-',$!0,582($',$!,!4-28,$!*(!(++,$!

82(*(&!$(-!(&0,&'-#*,$!$,+,!(&!#+42&#$!($8(0)($!*(!8+#&'#$!,!9#5)+)#$!A_,3+5#&&?!LYY`BD!

IJ7J''C2+N;26;<-KJ

! ",$!'-)'(-8(&,$ !$,&!2&#!9#5)+)#!*(!'(-8(&,$!@2(!0,&7(&(&!\Y!/',5,$!*(!0#-1,&,!A8-,0(*(&'($!

*(! +# ! )&0,-8,-#0):&! 1),$)&'C70#! *(! $()$! 2&)*#*($! *(! )$,8-(&)+,! ADDDBB! #58+)#5(&'(!*)$'-)12)*,$! (&! +#!

&#'2-#+(E#!;! $(!+($!82(*(!(&0,&'-#-!;#!$(#!(&!$2!($'#*,!+)1-(!,! 0,5,!4+)0:$)*,$! A$#8,&)&#$B! 2&)*,$ !#!

*)9(-(&'($!#E60#-($!A[,5,?!LYYqB!,!0,5,!0(-#$!0,&!(+!4-28,!\R3)*-,N)+,!($'(-)F0#*,!0,&!/0)*,$!4-#$,$!

AP(-'?!KcccBD!M)&'(7E#*,$!(&!8+/$70,$!++#5#*,$!$(0-(',8+#$',$!$,&!'-#&$8,-'#*,$!#!+#!5(51-#&#!0(+2+#-!

.%#! (+! -(]02+,! (&*,8+#$5/70,D! GN)$'(&! '-($! 0+#$($! 8-)&0)8#+($! ($'-20'2-#+($! *(! +,$! '-)'(-8(&,$! &,!

($'(-,)*(,$J!(+!4-28,!'('-#0%0+)0,?!(+!4-28,!8(&'#0%0+)0,!;!+#$!$(0,R+#0',&#$!AP-,'(#2?!Kc`QBD!"#!8-($(&0)#!

*(!($',$ !'-)'(-8(&,$!($!3#1)'2#+!(&!8+#&'#$!$28(-),-($?!8(-,!#8#-(0(&!'#51)C&!(&!#&)5#+($!$28(-),-($?!

(&!3,&4,$!;!1#0'(-)#$!A[,$(++:&?!LYYQBD!

P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV

&



! M(! 3#&! *($0-)',! 5/$!*(! XY! '-)'(-8(&,$!0%0+)0,$! 0,&! 9:-52+#! P\Y>QY?! ;! #+-(*(*,-! *(! KQY! 0,&!

9:-52+#!P\Y>QYW?!#*(5/$!*(!&25(-,$,$ !0,582($',$! -(+#0),&#*,$!A[,$(++:&?!LYYQB! ;!$(!8)(&$#!@2(!+#!

5#;,-%#!7(&(&!$2!,-)4(&!1),$)&'C70,!A"KO5;PM'7B!# !8#-7-!*(!+#!0)0+#0):&!(&E)5/70#!*(+!($02#+(&,!ADYB!

5(*)#*#!8,-! +#! 9,-5#0):&!*(+! L?\R,N)*,! *(!($02#+(&,! AYB! ;! +#!#*(02#*#!8,$)0):&!@2(! ',5#! $,1-(! +#!

$28(-F0)(! *(! +#! (&E)5#?! *($(&0#*(&#&*,! 2&#! $(-)(! *(! 0)0+#0),&($! 5(*)#*#$! 8,-! 0#-1,0#-7,&($!

)&'(-5(*),$!$(42)*# !8,-!2&#!$(02(&0)#!*(!5)4-#0),&($ !0,&0(-'#*#$!*(!g#4&(-RV((-d()&!@2(!*#&!+24#-!

#!+# !9,-5#0):&!*(!&2(.,$!0#-1,0#7,&($!@2(!F&#+5(&'(?!$,&!&(2'-#+)E#*,$!8,-!(+)5)&#0):&!*(!2&!8-,':&!

-($2+'#&*,! (&! +# !4(&(-#0):&!*(!2&! *,1+(!(&+#0(!,!#&)++,!*(!0)0+,8-,8#&,?!,!8,-! +#! -(#00):&!0,&!#42#!

9,-5#&*,! 2&! 4-28,!3)*-,N)+,D! G+! 78,!*(!0)0+#$#! )&.,+20-#*#!(&! +#$! -(#00),&($!*(! 0)0+#0):&!*('(-5)&#!

92&*#5(&'#+5(&'(!(+!78,!*(!($@2(+(',!@2(!$(!3#!*(!9,-5#-!A<)&0h(&?!LYYSB!*#&*,!#$%!,-)4(&!#!2&#!4-#&!

.#-)(*#*!*(!'-)'(-8(&,$!8,+)0%0+)0,$ !Ar(d)0h?!LYYcBD!"#!1),4C&($)$ !*(!+#$!$#8,&)&#$!'-)'(-8C&)0#$ !)&.,+20-#!

2&# !$(-)(!*(!5,*)F0#0),&($!8,$'(-),-($!A,N)*#0),&($?!$21$7'20),&($!;!#*)0):&!*(!#E60#-($!(&!*)9(-(&'($!

8,$)0),&($B! #! +,$!($@2(+(',$! '-)'(-8(&)0,$!9,-5#*,$?!$)&! (51#-4,! #6&! &,!$(!0,58-(&*(&!0,&!0(-'(E#!

82($!8,0,!$(!$#1(!$,1-(!+#$!(&E)5#$!)&.,+20-#*#$!!(&!*)03,!8-,0($,!A>#-#+#58)*)$?!LYYLBD!

! P(-0# !*(! QYYY! '-)'(-8(&,$ !&#'2-#+($! $(! (&02(&'-#&! *,025(&'#*,$! (&! +# ! +)'(-#'2-#! ;! $(! 3#&!

8-,82($',!*).(-$,$!5C',*,$!8#-#!$2!0+#$)F0#0):&?!(&'-(!+,$ !@2(!*($'#0#!(+!@2(!+,$!*).)*(!8,-! 9#5)+)#$!

0,&$)*(-#&*,!(+!&65(-,!*(!#&)++,$!@2(!+,$!0,&9,-5#&!A#0%0+)0,$?!'('-#0%0+)0,$!;!8(&'#0%0+)0,$B!;!*(&'-,!*(!

($'#$!9#5)+)#$?!$(!(&02(&'-#&!$210+#$)F0#*,$!8,-!4-28,$!AxR#5)-)&#?!bR#5)-)&#?!+28(,+?!('0DB! A_-()'5#)(-?!

LYYqBD!

!
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25 26 27

28 29 30

Cola

Cola

Escualeno (2,6,10,15,19,23-hexametil-2,6,10,14,18,22-tetracosahexeno)

Oxido de escualeno

O2

NADPH

O

HO

Ciclación vía  la conformacion silla-silla-silla
Ciclación vía la conformación silla-bote-silla

HO
Catión damarenilo

Catión tirucalanilo

HO

Catión protosterilo

HO
HO

HO

Carbocatión bacarenilo
Carbocatión lanosterilo

Damaranos

Tirucalanos

HO

Carbocatión lupenilo

Carbocatión Hopenilo
Lupanos

Hopanos
HO

Carbocatión curcubitanilo

Curcubitanos

HO
HO HO

HO

HO

HO

HO

Carbocatión germanicenilo
Carbocatión oleanilo

Cicloartenol
Lanosterol

Carbocatión Taraxasterenilo

Carbocatión ursanilo

Colesterol

Oleananos LanostanosCicloartanos

Taraxteranos
Ursanos

Esteroides

IV

V

VI

VII

VIII

IX
X

XI

XII
XIII XIV

XV
XVI

XVII
XVIII

XXI

XX

XIX

"KO5;PM'7''F+L;2K+,M,';KN25*N52M4',;'N2+N;26;<-K'(Y+<*S;<T'788Z:

P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV
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IJ.J'[*+,-'A;N54Q<+*-'

!

! G+! /0)*,! 1('2+%&)0,! A/0)*,! \bR3)*-,N)R+28RLYAcBR(&RL`R,)0,B! ($! 2&! '-)'(-8(&,! 8(&'#0%0+)0,!

8(-'(&(0)(&'(! #! +#! 9#5)+)#!*(! +,$! +28#&,$?! (+! 02#+! ($'#! 9,-5#*,! 8,-! 02#'-,! 0)0+,$! *(! $()$! /',5,$!*(!

0#-1,&,!AZ?!_?!P?!rB!;!,'-,!5/$!*(!0)&0,!/',5,$!*(!0#-1,&,!AGB!Ao#4&,&?!LYYXBD!^2C!#)$+#*,!8,-!8-)5(-#!

.(E! (&! ",&*-($! AKc`XB! 8,-! (+! 0)(&]F0,! _-20h(-!# !8#-7-! *(! +#! 0,-'(E#!*(+! /-1,+! *(!8+/'#&,! A!"#$#%&'(

#-*0,67",#BD! M)&! (51#-4,?! $(! $#1%#! @2(! (+! /0)*,! 1('2+%&)0,! A\\YB! *(-).#1#! *(! +# ! 1('2+)&#! A'#51)C&!

0,&,0)*#!0,5,!1('2+)&,+B?!+# !02#+!92(!#)$+#*# !8,-!",d)'$!(&!KS``!*(!+#!0,-'(E#!*(!#1(*2+!1+#&0,!A3*$&"#(

#"4#B!8,-!$21+)5#0):&!*(!($'#D!"#!(+20)*#0):&!($'-20'2-#+!*(!+#!1('2+)&#!A\\DDDB!;!$2$!*(-).#*,$!92(!3(03#!

8,-!8-)5(-#!.(E! 8,-![2E)0h# !(&! (+! #s,!*(! KcXK?! 3(03,!@2(!8(-5)7:!*('(-5)&#-!@2(! +#!0,&F42-#0):&!

'-)*)5(&$),&#+!*(+!/0)*,!1('2+%&)0,! A"KO5;PM' .B! 52($'-#!2&#!$(-)(!*(!0)0+,$!,-)(&'#*,$!(&!2&!5)$5,!

8+#&,!0,&!X!5(7+,$!;!2&!/0)*,!0#-1,N%+)0,!(&!8,$)0):&!#N)#+?!5)(&'-#$!@2(!(+!)$,8-,8)+(&,?!(+ !#+0,3,+!(&!

8,$)0):&!\!!;!2&!5(7+,!(&!8,$)0):&!X!$(!(&02(&'-#&!*(!9,-5#!(02#',-)#+!A"#.,)(?!LYYKBD

"KO5;PM'.J'[*+,-'.0/0W;N54Q<+*-

! IJ.JIJ'H2-6+;,M,;K']K+*-O5QP+*MK

! G+!/0)*,!1('2+%&)0,!A\\YB!($!2&!0,582($',!*(!9:-52+#!0,&*(&$#*#!P\Y>X`W\!;!*(!5#$# !5,+(02+#-!

*(!XQqDSK!4n5,+?!@2(!#+!$(-!-(0-)$'#+)E#*,!*(!*)$,+.(&'($!0,5,!5('#&,+!,!('#&,+!9,-5#!0-)$'#+($!1+#&0,$!

1)(&!*(F&)*,$!(&!9,-5#!*(!#42H#$?!$)&!(51#-4,!02#&*,!$(!27+)E#!0+,-,9,-5,?!*)0+,-,5('#&,!,!3(N#&,!$(!

9,-5#&!8,+.,$!1+#&0,$D!G$!#+'#5(&'(!$,+21+(!(&!1(&0(&,!;!8)-)*)&#?!$,+21+(!(&!#0('#',!*(!(7+,?!5('#&,+?!

('#&,+?!*(!5(*)#&#!$,+21)+)*#*!(&!*)0+,-,5('#&,!,!0+,-,9,-5,!;!*(!$,+21)+)*#*!+)5)'#*# !(&!#42#!AV(-0h?!

LYYQBD!M2!82&',!*(!92$):&!,$0)+#!#+-(*(*,-!*(!+,$!\YY!yPD!G$'#$!;!,'-#$!8-,8)(*#*($!F$)0,@2%5)0#$!3#&!

$)*,!#58+)#5(&'(!)&9,-5#*#$!8,-!*).(-$,$!#2',-($!AZ1;$3(.?!LYYS?!^+(h3'(-?!LYYX?!O(&4?!Kcc`BD!

2

3

4

5

10

1

6

7

8

9 14

13

12

11

15

16

17

18 22

2119

20

29

30

R1

R2

H

H

H

A
B

D

E

C

!I !7 C2+N;26;<-

W> P>\ "28(,+ \\DD

W> P>LW> _('2+)&# \\DDD

W> PW> _('2+)&#+ \\DY

W> PWW> z0)*,!1('2+%&)0, \\Y

P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV
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' IJ.J7J'A+-KQ<N;K+K

!

! M2$!0#-#0'(-%$70#$!($'-20'2-#+($!$,&!(+!-($2+'#*,!*(!+,$!5(0#&)$5,$!1),$)&'C70,$ !*(!($'#!9#5)+)# !

*(!'(-8(&,$ !5(*)#*#!8,-!+#!(&E)5#!0)0+#$#!+28(,+R$)&'#$#?!-($8,&$#1+(!*(!+#!$%&'($)$ !*(!'-)'(-8(&,$!0,5,!

+# !1('2+)&#!A\\DDDB!;!(+!/0)*,!1('2+%&)0,!A\\YB!AZ;#$3)?!LYYXBD!k&#!.(E!9,-5#*,!(+!($@2(+(',!*(!+28#&,?!+#!

-(#00):&!'(-5)&#!0,&!+# !(+)5)&#0):&!*(!2&!8-,':&?!0-(#&*,!(+!*,1+(!(&+#0(!*(+!4-28,!)$,8-,8)+(&,l!*(!

($'#!9,-5#!$(!$)&'(7E#!(+!+28(,+!A\\DDBD!WN)*#0),&($!$20($).#$!(&!+#!8,$)0):&!L`!0,&*20(&!#!+#!9,-5#0):&!

*(!+#!1('2+)&#!A\\DDDB?!*($82C$!#+!1('2+)&#+!A\\DYB!;!F&#+5(&'(!#+!/0)*,!1('2+%&)0,!A"KO5;PM'^BD!r(!)42#+!

9,-5#?!(+!($@2(+(',!*(!78,!+28#&,!82(*(!$29-)-!5,*)F0#0),&($!A"KO5;PM'7B!8#-#!9,-5#-!+,$!($@2(+(',$!

*(!,'-#$!9#5)+)#$!0,5,!+,$!,+(#&#&,$!,!+,$!2-$#&,$!A"#.,)(?!LYYKB!,!1)(&!$29-)-!+# !-28'2-#!*(!2&,!*(!$2$!

#&)++,$!AU+X52M'^B!9,-5#&*,!\?XR$(0,R*(-).#*,$!A\\YDB!A<)&0h(&?!LYYSBD

"KO5;PM'^J'A+-KQ<N;K+K',;4')*+,-'W;N54Q<+*-J

O

HO HO

H

HO
HO

HO

CHO

HO

CH2OH

HO

COOH

Oxido de escualeno

Lupeol

Betulinal
Ácido betulínico

3,4-Seco-derivados

Betulinol

V

XXIIXXIII

XXIV
XXV

XXVI

P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV
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$2$'#&0)#$! 8,$((&! )58,-'#&'($!8-,8)(*#*($! 9#-5#0,+:4)0#$! 0,&'-#!.#-)#$! +)&(#$! 0(+2+#-($! ;! 0,&'-#! (+!

<=>RK!Ao#4&,&?!LYYXl!p#4(-?!LYYcl!M#5)?!LYYqBD!

! O#-702+#-5(&'(!$(!3#!.)$',!@2(!(+!/0)*,!1('2+%&)0,!#)$+#*,!*(!+#$ !3,H#$!*(!L,$*+'%*1&%;7(;!*(!+#!

8+#&'#!1-#$)+(s#!>,?9/5&'(@##?*0,7(8,$((&!#07.)*#*!#&71#0'(-)#+!0,&'-#!_#0)++2$!$217+)$!;!1#0'(-)#$!4-#5!

8,$)7.#$ !-($8(07.#5(&'(D!Z*)0),&#+5(&'(!$(!3#!,1$(-.#*,!@2(!8,$((!#07.)*#*!#&75#+#-)0#!02#&*,!$(!

8-,1,!)&!.)'-,!0,&'-#!!"#')7;,&)'6#"-,/#0&)?!$)&!(51#-4,?!02#&*,! 92(!8-,1#*,!)&!.).,!(&!2&!5,*(+,!

52-)&,! +#! *,$)$! 5/N)5#! 27+)E#*#! &,! 92(! (9(07.#! ;! #*(5/$! 8-($(&',! 8-,1+(5#$! *(! ',N)0)*#* 

(Yogeeswari, 2005)D!

! r).(-$#$! )&.($74#0),&($! $(s#+#&! @2(! 8-($(&'#! #07.)*#*! #&7R)&m#5#',-)#! ;! #&#+4C$)0#! (&!

-#',&($?! ($ !0#8#E! *(! 5,*)F0#-! +,$! &).(+($ !*(! 0#+0),! )&'-#0(+2+#-! ,0#$),&#&*,! 0#51),$! (&! +# !8-($):&!

#-'(-)#+?! #$%!5)$5,?!$(!3#!,1$(-.#*,!@2(!($!0#8#E!*(!*)$5)&2)-!$)4&)F0#7.#5(&'(!(+!8($,!0,-8,-#+?!+#!

#0252+#0):&!*(!4-#$# !#1*,5)&#+!(&!-#',&($!#+)5(&'#*,$!0,&!2&#!*)('#!#+'#!(&!4-#$#!;!-(42+#-!+,$!&).(+($!

*(! 4+20,$# ! $#&42%&(#?! '-)4+)0C-)*,$! (&! 8+#$5#! ;! 0,+($'(-,+! ','#+D! >#++#E4,$! @2(! $24)(-(&! 8,*-%#! $(-!

27+)E#*,! 8#-#! (+! *($#--,++,! *(! 2&! '-#'#5)(&',! 0,&'-#! +# !,1($)*#*! Ar(!V(+,?! LYYcl! a,+$7h,.#?! LYYQl!

{,4(($d#-)?!LYYQBD

IJ^J'F;2+LM,-K',;4')*+,-'W;N54Q<+*-

! {# !@2(!+,$!*(-).#*,$ !&#'2-#+($!*(+ !/0)*,!1('2+%&)0,!A\\YB!3#&!5,$'-#*,!8,$((-!+#!#07.)*#*!#&7R

'25,-#+! ;! #&7R<=>! 5#$! 8-,5)$,-)# ! *(! (&'-(! 5/$! *(! 0)&02(&'#! *(-).#*,$! &#'2-#+($ ! *(! 78,! +28#&,!

Aa,+$7h,.#?! LYYqB! ;! ',5#&*,! (&! 02(&'#! @2(! 7(&(! '-($! 8,$)0),&($! APR\?! PRLY! ;! PRL`B! 8-)&0)8#+($!

$2$0(871+($!*(!$(-!5,*)F0#*#$?! $(!3#!0,&$)*(-#*,!@2(!+#!$%&'($)$ !*(!$2$!*(-).#*,$!82(*(!0,&*20)-!#+!

*($#--,++,! *(! &2(.,$! 0,582($',$! @2(! $)-.#&! 0,5,! #4(&'($! '(-#8C270,$! 8#-#! (+! '-#'#5)(&',! *(!

(&9(-5(*#*($! )58,-'#&'($! 0,5,! (+! 0#&0(-?! +#!*)#1('($ !;! (+ !<=>! A|)5?! LYYKl! _#4+)&?! LYY\BD! Z*(5/$?!

8,*-%#&!++(4#-!# !$(-!27+)E#*,$ !(&!0,&H2&',!0,&!,'-,$!5(*)0#5(&',$!@2(!#0'2#+5(&'(!$(!,028#&!0,&'-#!(+!!

<=>RK!A{,4(($d#-)?!LYYQBD

P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV
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! ! r).(-$,$! ($'2*),$! *(! ($'-20'2-#R#07.)*#*! 3(03,$! '#&',! #! +,$! *(-).#*,$! &#'2-#+($! *(+ ! /0)*,!

1('2+%&)0,!A\\YB!0,5,!#!+#$!5,*)F0#0),&($!$)&'C70#$!(&!$2$!8,$)0),&($ !PR\!;!PRL`!A0#$) !(N0+2$).#5(&'(!

($'(-)F0#0),&($B!3#&!$)*,!*(!4-#&!27+)*#*!8#-#!*('(-5)&#-!@2(!2&#!(+(.#*# !*(&$)*#*!(+(0'-:&)0#!*(!+,$!

$2$7'2;(&'($!(&!PR\!;!+#!8-($(&0)#!*(+!/0)*,!0#-1,N%+)0,!+)1-(!(&!PRL`!)&m2;(&!*(!9,-5#!)58,-'#&'(!(&!$2!

#07.)*#*!0)',':N)0#!;!#&7R<=>D!O#-702+#-5(&'(?!$(!3#!,1$(-.#*,!@2(!+#!8-($(&0)#!*(!C$'(-($ !#+@2%+)0,$!

(&! PRL`! 5(H,-#! +#$! 8-,8)(*#*($! @2%5)0#$! ;! 9#-5#0,+:4)0#$! *(+! 0,582($',! #2&@2(! 0,58-,5('(! $2!

#07.)*#*!0)',':N)0#!?!#*)0),&#+5(&'(!$(!3# !*(5,$'-#*,!@2(!+#!3)*-,4(&#0):&!*(+!*,1+(!(&+#0(!8-($(&'(!

(&!PRLYALcB!)&0-(5(&'#!$2!#07.)*#*!0)',':N)0#!A_#4+)&?!LYY\l!k-1#&?!LYYQl!|.#$&)0#?!LYYQBD

! "# !8-,8)(*#*($!9#-5#0,+:4)0#$!*(!+,$ !*(-).#*,$!$(5)$)&'(70,$!*(+!/0)*,!1('2+%&)0,!0,&!+,$!@2(!

$(!0,&'#1#!3#$'#!(+!5,5(&',!92(-,&!*)$027*#$!8,-!a,+$7h,.#!(&!LYYq!(&0,&'-#&*,!@2(!+,$ !*(-).#*,$!

5,*)F0#*,$!(&!PR\!82(*(&! )&3)1)-! +# !5#*2-#0):&! *(+! <=>!5)(&'-#$!@2(!+,$!*(-).#*,$!5,*)F0#*,$!(&!

PRL`!82(*(&!1+,@2(#-!$2!(&'-#*#!#!+# !0C+2+#?!3#++#E4,!@2(!#+(&':!(+!)&'(-C$!*(!+#!0,52&)*#*! 0)(&]F0#!

8,-! $)&'(7E#-! *(-).#*,$! 1)92&0),&#+($ !;n,! 4+)0,$)*#*,$! A>5M,2-' 7B! @2(! 9#.,-(0)(-#&! (+! *($#--,++,! *(!

&2(.,$! 9/-5#0,$! 0,&'-# ! (+! <=>! ;! 02;#$! 8-,8)(*#*($! 9#-5#0,0)&C70#$! A#1$,-0):&?! *)$'-)120):&?!

5('#1,+)$5,!;!(+)5)&#0):&B!8(-5)7(-#&!$,+20),&#-! +,$!8-,1+(5#$!*(!$,+21)+)*#*!@2(!#+42&,$!*(-).#*,$!

8-($(&'#1#&!Ao#2'3)(-?!LYYql!>2#&4?!LYYqBD
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>5M,2-'7J'F;2+LM,-K'W+c5<*+-<M4;K'B'd-'X4+*-K+,M,-K',;4')*+,-'W;N54Q<+*-
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! a)(58,! *($82C$?! ($'2*),$! -(+#0),&#*,$! 0,&! +#$! 8-,8)(*#*($! #&7R)&m#5#',-)#$! *(+! /0)*,!

,+(#&:+)0,?!8(-5)7(-,&!*('(-5)&#-!@2(!+#!0,51)&#0):&!*(!2&!4-28,!92&0),&#+!(&,&#!0,&!2&!4-28,!0)#&,!

,!0#-1,N%+)0,! (&! 8,$)0):&!PRL!($!($(&0)#+!8#-#!$2!#07.)*#*!;!@2(! +#$!5,*)F0#0),&($!#!+#!8,$)0):&!PRKS!

#9(0'#&!'#&',!$2!(9(07.)*#*!0,5,!#!$2$!8-,8)(*#*($!9#-5#0,0)&C70#$D!>#++#E4,!@2(!)&$8)-,!(+!*($#--,++,!

*(!&2(.,$!*(-).#*,$!A\\YDD0\\\DYB!*(+!/0)*,!1('2+%&)0,!A\\YB!0,&!5,*)F0#0),&($!#+!#&)++,!Z!A"KO5;PM'aB!!

(&!2&!)&'(&',!8,-!5(H,-#-!$2$!8-,8)(*#*($!#&7R)&m#5#',-)#$!Ao-)11+(?!LYYSBD

"KO5;PM'aJ'%-,+]*M*+V<'M4''M<+44-'?',;4')*+,-'W;N54Q<+*-
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! r($#9,-'2&#*#5(&'(!#+42&,$!*(!($',$!8-,*20',$!&,!3#&!$)*,!0+%&)0#5(&'(!+,$!#*(02#*,$!,!+,$!

0#&*)*#',$!0,--(0',$?!;#!@2(!$2$ !8-,8)(*#*($!9#-5#0,0)&C70#$!&,!3#&!$)*,!+#$!5/$!(F0)(&'($?!8,-!+,!@2(!!

#6&! 8(-$)$'(! +#!&(0($)*#*! *(!,1'(&(-!&2(.,$! *(-).#*,$! *(+! /0)*,! 1('2+%&)0,! A\\YB! @2(!&,! $,+,! $(#&!

8,'(&'($?! $)&,! @2(! #*(5/$?! $(#&! 0+%&)0#5(&'(! $(42-,$! ;! @2(! '(&4#&! 52;! 12(&#$! 8-,8)(*#*($!

9#-5#0,0)&C70#$D![#E:&!8,-!+#!02#+!$(!3#!0,&7&2#*,!0,&!(+!*($#--,++,!*(!&2(.,$!*(-).#*,$ !(\\\Y0@DDD:'!

#4-(4#&*,! 2&! 4-28,! 3('(-,0%0+)0,! (&'-(! +#$! 8,$)0),&($! PRL! ;! PR\?! 9,-5#&*,! 2&! 4-28,! #5)*# ! ,!

)&'-,*20)(&*,! #5)&,/0)*,$! '(-5)&#+($! (&! PRL`! ,! 1)(&! $)&'(7E#&*,! #&/+,4,$ ! 0,&9,-5#0),&#+5(&'(!

-($'-)&4)*,$!(&!PR\!!A"KO5;PM'bB!(&'-(!,'-#$!8,$)1)+)*#*($!Ar#&4?!LYYcl!|25#-?!LYY`!l!j)#&?!LYKYBD!!

"KO5;PM'bJ'%-,+]*M*+-<;K';<'>0.'Bd-'>07=',;4')*+,-'W;N54Q<+*-
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>-<e<5M*+V<',;4';KO5;PM'bJ'%-,+]*M*+-<;K';<'>0.'Bd-'>07=',;4')*+,-'W;N54Q<+*-
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IJ^JIJ'D<*-<L;<+;<N;K',;'4M'KQ<N;K+K'O5QP+*M

! G&! ($'#!16$@2(*#! 8,-!,1'(&(-! *(-).#*,$! #+'#5(&'(! (9(07.,$! 02;#$!8-,8)(*#*($!8(-5)'#&! (+!

*($#--,++,! 9#-5#0C270,! Ao3#f#-)?!LYKYB?! +#!@2%5)0#!*(+!/0)*,!1('2+%&)0,! A\\YB! $(!3#!(&9-(&'#*,!#!2&#!

$(-)(!*(!)&0,&.(&)(&'($!@2(!3#&!+)5)'#*,!+#!,1'(&0):&!*(!$2$!*(-).#*,$D!

! G&! 8-)&0)8),?! +#$! 5,*)F0#0),&($! #+! ($@2(+(',! *(+! /0)*,! 1('2+%&)0,! A\\YB! $(! 3#&! 0(&'-#*,!

8-)&0)8#+5(&'(! (&! +#$! 8,$)0),&($!#07.#*#$!;! *(!9/0)+! #00($,! 0,5,! $,&! (+!4-28,! 3)*-,N)+,! PR\?! 4-28,!

0#-1,N%+)0,! PRL`! ;! 4-28,! )$,8-,8)+,! PRLY! A_#$',$?! LYYSBD! O,-! ,'-#! 8#-'(?! #+42&,$!8-,0($,$! 0,5,! 8,-!

(H(58+,! +,$!*(!($'(-)F0#0):&! (&!5(*),!/0)*,!,!1/$)0,?!2$2#+5(&'(!-($2+'#&!(&!2&#!5(E0+#!0,58+(H#?!

&,-5#+5(&'(! ,02--(&! # ! (+(.#*#$! '(58(-#'2-#$! (&! 8-($(&0)# ! *(! *)$,+.(&'($! -(+#7.#5(&'(! ':N)0,$!

@2(*#&*,!0,5,!'-#E#$!(&!+,$!8-,*20',$!;!@2(!8,-!(&*(!-(@2)(-(&!*(!8-,0($,$!*)U0)+($!;!0,$',$,$ !8#-#!

$(-!82-)F0#*,$!Ao3#f#-)?!LYKYBD!

! G+! 2$,! *(!0#'#+)E#*,-($! @2%5)0,$!0,&*20(! #!*).(-$,$! 8-,1+(5#$?! '#+! ($! (+! 0#$,! *(! +,$!/0)*,$!

0,--,$).,$! @2(! &,! $(!82(*(&! -(27+)E#-?! +#! &(2'-#+)E#0):&! *(! +#!5(E0+#!*(! -(#00):&! @2(! 0,&*20(!#! +#!

4(&(-#0):&!*(!4-#&*($!.,+65(&($!*(!$#+($!*)$2(+'#$!;! +# !8(-*)*#!*(! +,$!-(&*)5)(&',$!*(!0,&.(-$):&!;!

$(+(07.)*#*! A{#5)&?! LYY`BD!Z*(5/$?! +# !)&'-,*200):&! *(!0(&'-,$!@2)-#+($!A"KO5;PM' ZMB! (&!+#!5,+C02+#!

Aj)#&?!LYKYB!;!0)(-'#$ !-(#00),&($!0,5,!+# !#0)+#0):&!A|.#$&)0#?!LYYQB!(&!,0#$),&($!-(@2)(-(&!*(!'(*),$#$!

('#8#$!*(!8-,'(00):&!;!*($8-,'(00):&!*(!4-28,$ !92&0),&#+($!A"KO5;PM'ZWB?!)&0-(5(&'#&*,!(+!&65(-,!*(!

(++#$! (&! (+! 8-,0($,! $)&'C70,! AO,++#-*?! LYYq?!g,,*+(;?! LYY`BD! O,-! +,! 4(&(-#+?! (+! 2$,! *(!($'(! 78,! *(!

($'-#'(4)#$!($!0,56&!02#&*,!+#!5,+C02+#!02(&'#!0,&!.#-),$!4-28,$!92&0),&#+($!@2(!82*)(-#&!-(#00),&#-!

;! $(!*($(#!@2(!$,+,!2&,! *(!(++,$ !+,! 3#4#?!(.)'#&*,! +#!9,-5#0):&!*(!,'-,$!8-,*20',$! A"KO5;PM' =B! &,!

*($(#1+($!Ao(&('?!LYKYBD'G&!#+42&,$!,'-,$!0#$,$?!($!&(0($#-),!2$#-!(N0($,!*(!-(#07.,$!;!+#-4,$!7(58,$!

*(!-(#00):&! #!(+(.#*#$ !'(58(-#'2-#$!8#-#!@2(!$(!0,58+('(&! (&!$2!','#+)*#*! +#$!'-#&$9,-5#0),&($?! '#+!

0,5,! (&! (+!(H(58+,!*(!+# !-(#00):&!*(! +,$! '-)'(-8(&,$!0,&!(+! #&3%*-)*,!�/+)0,!(&! +#!@2(!$(!-(@2)(-(&!

(N0($,$!*(!-(#07.,$!@2(!8,$'(-),-5(&'(!&(0($)'#&! $(-!$(8#-#*,$!*(!+# !5(E0+#!*(!-(#00):&!A|.#$&)0#?!

LYYQBD!
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!;M*eL-Kf'(M:'CAFH#>4dDP+,M_-4g'(W:'&M>&'dF%#E'9.hg'(*:'FDA?@i'dC-45;<-'9ahg'(,:'&M>4E7T'&Mi7HE^'d'F%#Eg'(;:'[*+,-'

W;N54Q<+*-'d"F>4T'F%?H'7a0^=hg'(c:'CA?UdCiUg'(X:'C"%HET'H14(E?*:7'di7ET'>i7>47'Za0==h

"KO5;PM'ZMJ'D<N2-,5**+V<',;'*;<N2-K'O5+2M4;K'(j+M<T'78I8:J

I0A2-P-070P;e4062-6M<-4 .0A2-P-070P;e462-6-3+0N;2NW5e40,+c;<+4K+4M<- ^0(N;2N0W5e4,+c;<+4K+4+4-3+:0.0P;e4W5NM<+N2+4-

^0(N;2N0W5e4,+c;<+4K+4+4-3+:0.0P;e4W5NM<M4[*+,-'^0(N;2N0W5e4,+c;<+4K+4+4-3+:0.0P;e4W5NM<-+*-

[*+,-'./0E0k'^0(N;2N0W5e4,+c;<+4K+4+4-3+:0.0P;e4W5NM<-+4l0W;N54Q<+*-

[*+,-'./0E0k'^01+,2-3+0.0P;e4W5NM<-+4l0W;N54Q<+*-

[*+,-'./0E0k.0P;e4K5**+<+4l0W;N54Q<+*-
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' IJaJ'@MK'W+-*-<L;2K+-<;K'*-P-'M4N;2<MeLM'M'4M'KQ<N;K+K'O5QP+*M

! V203,$! *(! +,$ ! 8-,*20',$! &#'2-#+($! 1),+:4)0#5(&'(! #07.,$! 7(&(&! ($'-20'2-#$! 0,58+(H#$! ;!

56+78+($! 4-28,$! 92&0),&#+($?! -(m(H,! *(+! 8,*(-! 0#'#+%70,! @2(! 8,$((&! +#$! (&E)5#$! 8-($(&'($ ! (&! +,$!

$)$'(5#$!.).,$D! G&! 0,&'-#!8#-'(?! +#!@2%5)0#!,-4/&)0#!02(&'# !0,&! 2&#!#58+)#!.#-)(*#*! *(!-(#00),&($!;!

5203#$!*(!(++#$!$,&!$)5)+#-($!# !+,$!8-,0($,$!1),+:4)0,$!@2(!,02--(&!(&!+#!&#'2-#+(E#D!M(!82(*(!*(0)-!@2(!

(N)$'(&!#+42&#$ !$)5)+)'2*($!(&'-(!+,!@2(!(+!@2%5)0,!82(*(!3#0(-!(&!(+!+#1,-#',-),!;!+,!@2(!+#!&#'2-#+(E#!

($!0#8#E!*(!3#0(-D!M)&!(51#-4,?!#+42&,$!*(!+,$!8-,0($,$!@2(!,02--(&!(&!+#!&#'2-#+(E# !&,!$,&!9/0)+($!*(!

++(.#-$(!# !0#1,!(&!(+!+#1,-#',-),?!;#!@2(!$2$!0#-#0'(-%$70#$!($'-20'2-#+($!3#0(&!*)U0)+ !$2!5#&)82+#0):&!

@2%5)0#?! *(! 9,-5#! @2(! $(! $24)(-(! +#! 27+)E#0):&! *(! 5C',*,$! 1),+:4)0,$! 8#-#! $2! $%&'($)$! ,! 0,5,!

#8-,N)5#0):&!8#-#!+#!-($,+20):&!*(!8-,1+(5#$!*(!($8(0)#+!)&'(-C$!(&!+#!@2%5)0#!*(!8-,*20',$!&#'2-#+($!

A[,$#EE#?Kc`X!l!"#.,)(?!LYYKBD!a#+!($ !(+!0#$,!*(!+#!92&0),&#+)E#0):&!$(+(07.#!*(!(&+#0($!PR>!&,!#07.#*,$?!

+# !02#+! !82(*(!+,4-#-$(!8,-!5C',*,$!@2%5)0,$!0+/$)0,$!$,+,!(&!#+42&,$ !0#$,$!0,&0-(',$D!M)&!(51#-4,?!$(!

3#!3(03,!(.)*(&'(!@2(!+#!&#'2-#+(E#!*)$8,&(!*(!0#'#+)E#*,-($!A(&E)5#$B! @2(!82(*(&!*($(58(s#-!($'#!
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0#58,! *(! +# !1),'(0&,+,4%# !1+#&0#!,! +#! @2%5)0#!.(-*(! 8,-! $(-! 0,&$)*(-#*,$!8-,0($,$!(0,+:4)0#5(&'(!
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! G&! $2!5#;,-%#?! +#$! '-#&$9,-5#0),&($!@2(! $(! 3#&! ++(.#*,! #0#1,! (&! $%&'($)$! ,-4/&)0# !3#&! $)*,!
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5)0-,1)#&,?! #&)5#+!,! .(4('#+B! $(! +(! *(F&(! 0,5,! 4,7-7%=*0',O%l! 02#&*,! C$'# !($! ++(.#*#! #! 0#1,! 8,-!
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(F0)(&'($ !@2(!+,$!@2%5)0,$!A=$3)4(?LYYQBD!P#1(!+#!8(&#!$(s#+#-!@2(!(+!'C-5)&,!K;4;*eL+,M,!($!27+)E#*,!

02#&*,! +#! 5#'(-)#! 8-)5#! ($! 8-,@2)-#+! ;! +,$ ! 8-,*20',$! $,&! ($'(-(,)$:5(-,$! 8-,*20)*,$ ! (&! )42#+($!

0#&7*#*($?! 5)(&'-#$! @2(! (+! 'C-5)&,! ;K6;*+]*+,M,! ($! 2$#*,! 02#&*,! +# ! 5#'(-)#! 8-)5#! $,&!

($'(-(,)$:5(-,$!@2(!*#&!8-,*20',$!*)9(-(&'($!*2-#&'(!+#!-(#00):&!AZ&'3,&$(&?!LYYQBD

G&! +#!#0'2#+)*#*?!$(!0,&,0(&!5/$ !*(!\YYY!(&E)5#$?!8(-,! ($'#!0#&7*#*!-(8-($(&'#!2&!8,-0(&'#H(!52;!

8(@2(s,!(&! 0,58#-#0):&! 0,&! +#$!@2(!(N)$'(&! (&! +# !&#'2-#+(E#D!G+!8-,4-($,! *(!+#!1),@2%5)0#!(&!KcQY!!

8(-5)7:!#)$+#-! ;! 0#-#0'(-)E#-! 2&! 4-#&!&65(-,! *(!(++#$D!Z+-(*(*,-! *(!\YY!3#&! $)*,! )&.($74#*#$!;! $,&!

#00($)1+($ !0,5(-0)#+5(&'(?!+,!@2(!*#!)*(#!*(+!4-#*,!*(!*($#--,++,!@2(!#6&!($!8,$)1+(!(&!($'(!0#58,D!"#$!

(&E)5#$!$(!0+#$)F0#&!4(&(-#+5(&'(!(&!$()$!0#'(4,-%#$ !A>5M,2-'aB!$(46&!(+!78,!*(!-(#00):&!@2(!0#'#+)E#&!

*(!#02(-*,! #! +#! 2&):&! )&'(-&#0),&#+! *(!1),@2%5)0# !;! 1),+,4%# !5,+(02+#-! A=k_V_B! (&! 0,&H2&',! 0,&! +#!

=kOZP!Ao,&E#+,?!LYY\l!>,3?!LYYqB!D!
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>5M,2-'aJ'H2+<*+6M4;K'*4MK;K',;';<_+PMK'(i-1T'788b:

>4MK; !;M**+V<

K WN)*,-(*20'#$#$ O-,0($,$!*(!,N)*,R-(*200):&

L a-#&$9(-#$#$ a-#&$9(-(&0)#!*(!4-28,$!92&0),&#+($!*(!2&#!5,+C02+#!#!,'-#!A(H(58+,J!#0)+,$!,!9,$9#',$B

\ >)*-,+#$#$ [(#00),&($!*(!3)*-:+)$)$!A+)8#$#$?!#5)*#$#$!;!($'(-#$#$B

X ")#$#$
[28'2-#!*(! (&+#0($! PRP? !PRW!;!PRI! @2(! &,! $(#&!(9(0'2#*,$! 8,-! 8-,0($,$!3)*-,+%70,$! ,!

-(*,Nl!]8)0#5(&'(!($',$!8-,0($,$!)&.,+20-#&!(+)5)&#0):&!,!#*)0):&!#!*,1+($!(&+#0($

Q =$,5(-#$#$ [(#00),&($!*(!)$,5(-)E#0):&!0,5,!(8)5(-)E#0):&!;!-#0(5)E#0):&

q ")4#$#$
^,-5#0):&! )&'(-5,+(02+#-! *(!(&+#0($!#0,8+#*,$! 0,&! +#! -28'2-#!*(!ZaO! ,!02#+@2)(-! ,'-,!

&20+(,7*,!*(!'-)9,$9#',

IJbJIJ'>M2M*N;2QKe*MK',;'4MK'W+-*-<L;2K+-<;K

! "#$!8-)&0)8#+($ !0#-#0'(-%$70#$!@2(!*(1(&!$(-!0,&$)*(-#*#$!8#-#!++(.#-!#!0#1,!2&#!0,&.(-$):&!$(!

*('#++#&!#!0,&7&2#0):&D!

KB#5KN2MN-J!r(1(! '(&(-! +# !#*(02#*#!$,+21)+)*#*! (&! (+!5(*),!*(!-(#00):&! #+!02#+! $(! #4-(4#!;#!$(#!(&!

$,+20):&!,!#*$,-1)*,!(&!#+46&!5#'(-)#+!)&(-'(!0,5,!+#$!#-0)++#$D!I,!*(1(!(H(-0(-!#+46&!(9(0',!':N)0,!#+!

0#'#+)E#*,-!27+)E#*,!;# !@2(!82(*(!)&3)1)-!$2!*($#--,++,!;!8,-!0,&$(02(&0)#!)&m2)-!(&!(+!-(&*)5)(&',!*(!+#!

-(#00):&!A":8(E?!LYYSBD

LB"KN2MN;X+MJ!G+!78,!*(!-(#00):&!@2(!$(!*($(#!0#'#+)E#-?!(+!2$,!*(!0,9#0',-($!;!-(0)0+#H(!*(!+,$!5)$5,$?!+#!

($0#+#!#!+#!02#+!$(!*($(#!++(.#-?!+# !',+(-#&0)# !# !+,$!*)$,+.(&'($ !,-4/&)0,$!;!(+!0,$',!*(!+,$ !0#'#+)E#*,-($!$,&!

#+42&,$! 9#0',-($! @2(!*(1(&! $(-! 0,&$)*(-#*,$!#+! (+(4)-! (+! 78,! *(! ($'-#'(4)#!@2(! 3#! *(! $(-! 27+)E#*#!!

A1),'-#&$9,-5#0),&($! ,! 1),0#'/+)$)$B! (&! 2&! 8-,0($,! *(! 1),0,&.(-$):&D! G$'(! 82(*(! )&0+2)-! 1),0#'/+)$)$!

27+)E#&*,!2&#!('#8#!(&E)5/70#?!1),'-#&$9,-5#0),&($!0,&!0C+2+#$ !0,58+('#$ !@2(!82(*(&!0#'#+)E#-!.#-),$!

8#$,$! #! 8#-7-! *(! 2&#! 5,+C02+#! 8-(02-$,-#! ,! 0,58+('#-! +#$! -2'#$ ! 9(-5(&'#7.#$! 27+)E#&*,! #E60#-($!

$)58+($!@2(!-($2+'#&!(&!+#!9,-5#0):&!*(!2&!8-,*20',!*($(#*,!AM'-##'3,9?!LYYQBD
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! #B>`454MK' *-P64;NMKJ!o(&(-#+5(&'(!$,&!,!82(*(&!-($2+'#-!5/$!1#-#'#$!@2(!+#$!(&E)5#$!(&! $2!

($'#*,! +)1-(!;#!@2(!$,&!9/0)+($!*(!,1'(&(-?!5#&(H#-!;! $,&!5#$!($'#1+($!# !+#-4,!8+#E,!*(1)*,!#!@2(!+#$!

(&E)5#$!@2(!$(!(&02(&'-#&!*(&'-,! *(!(++#$ !($'/&!8-,'(4)*#$ !*(!9#0',-($!#51)(&'#+($!(N'(-&,$!A=$3)4(?!

LYYQBD!M)&!(51#-4,?!(+!#)$+#5)(&',!*(! +,$!8-,*20',$!,1'(&)*,$!82(*(!-($2+'#-!0,58+)0#*,!*(1)*,!#!+#!

8-($(&0)# !*(! +#!1),5#$#!;!#!+#!8-($(&0)#!*(!-(#00),&($!$(02&*#-)#$!)&0+2;(&*,!(+!5('#1,+)$5,!8-,8),!

*(+! $2$'-#',?! .,+.)(&*,! 52;! 0,58+(H,! (+ ! 5(*),! *(! -(#00):&! ;! 3#0)(&*,! 5/$! *)U0)+ ! $2! 0,&'-,+! ;!

-(8-,*20)1)+)*#*!A|(++;?!Kcc`l!":8(E?!LYYSl!M3#d?!LYY\BD!

! r(1)*,! #!@2(! -(@2)(-(&!7(58,$!*(! )&021#0):&!-(+#7.#5(&'(! 0,-',$?!82(*(&! 27+)E#-$(! 0,5,!

0C+2+#$!(&! 0-(0)5)(&',! ,! (&! $2$8(&$):&D! P2#&*,! $(!27+)E#&! +#$!0C+2+#$!(&! 0-(0)5)(&',?!(+! $2$'-#',! $(!

#*)0),&#!#+!5(*),!*(!-(#00):&!#+!5,5(&',!*(!+#!)&,02+#0):&!,!1)(&!(&!+#!6+75#!9#$(!*(!*($#--,++,!0,&!+#!

F&#+)*#*!*(!)&*20)-! +# !,! +#$ !(&E)5#$! -($8,&$#1+($!*(! +#!0,&.(-$):&D!G&! 0#51),!02#&*,! $(!27+)E#&! +#$!

0(+2+#$!(&!$2$8(&$):&?!(+!1),0#'#+)E#*,-!8-(.)#5(&'(!)&021#*,!(&!0,&*)0),&($!:875#$!$(!0,&0(&'-#!;!$(!

-($2$8(&*(!(&!2&!5(*),!#*(02#*,!#+!02#+!$(!+(!#*)0),&#-/!(+!$2$'-#',D!G&!($'(!0#$,?!$(!+,4-#&!(+)5)&#-!

8-,1+(5#$!*(! )&3)1)0):&!*(+! 0-(0)5)(&',! #*(5/$!*(!'(&(-! 2&!5(H,-! 0,&'-,+! (&! +# !0,&0(&'-#0):&! *(+!

$2$'-#',D!!G&!,0#$),&($!(+!2$,!*(!0C+2+#$!(&!0-(0)5)(&',!82(*(!-($2+'#-!8(-H2*)0)#+?!$,1-(!',*,!02#&*,!(+!

$2$'-#',!,!(+!8-,*20',!82(*(&!$(-.)-!0,5,!92(&'(!*(!0#-1,&,!8#-#!(+!*($#--,++,!0(+2+#-!AP#-.#+3,?!LYYql!

":8(E?!LYYSBD

! 1B"<_+PMKJ! G$',$! 0#'#+)E#*,-($! #+'#5(&'(! $(+(07.,$! 82(*(&! $(-! 27+)E#*,$! (&! $,+20),&($!

0,&0(&'-#*#$ !,!(&!*)$,+.(&'($!,-4/&)0,$!(&!*)9(-(&'($! 9,-5#$J!(&! $2!($'#*,!$#+.#H(?! -(0,51)&#&'($!,!

4(&C70#5(&'(!5,*)F0#*#$!8#-#!)&0-(5(&'#-!$2!($8(0)F0)*#*!,!#07.)*#*?!(&!$,+20):&?!(&!2&!-(#0',-!*(!

5(51-#&#?! (&! $2$8(&$):&?! 82-)F0#*#$! ,! )&5,.)+)E#*#$D! Z*)0),&#+5(&'(?! $2! -(5,0):&! *(+! 5(*),! *(!

-(#00):&!82(*(!-($2+'#-!5/$!$(&0)++,!@2(!(&!(+!0#$,!*(!+#$!0C+2+#$!0,58+('#$!AM3#d?!LYY\BD!G&!(+ !0#$,!*(!

+#$!(&E)5#$!82-)F0#*#$?!($'#$!$,&!27+)E#*#$!(&!-(#00),&($!#!($0#+#!8-(8#-#7.#?!$)(58-(!$(!(&02(&'-#&!

*)$8,&)1+($!;#!@2(!$,&!*(!78,!0,5(-0)#+!;!+#!0,&0(&'-#0):&!*(+!$2$'-#',!82(*(!.#-)#-$(!$)&!8-,1+(5#$!*(!

',N)0)*#*! 8#-#!(+! 0#'#+)E#*,-D! O,-! (+! 0,&'-#-),?! +#$ !(&E)5#$ !)&5,.)+)E#*#$! ($'/&!FH#*#$!(&! 2&! $,8,-'(!

$:+)*,!0,&! +#!F&#+)*#*!*(!)&0-(5(&'#-!$2!($'#1)+)*#*!,8(-#0),&#+!;!# !8($#-!*(!@2(!($'/&!0,&F&#*#$!(&!

/-(#$! -($'-)&4)*#$!*(! +#$ !@2(! &,! 82(*(&! ($0#8#-?! #6&! 8(-5#&(0(&! #07.#$ !#2&@2(! (&! ,0#$),&($! $2!

#07.)*#*!0#'#+%70#!82(*(!.(-$(!*)$5)&2)*#!A":8(E?!LYYSBD!G&!,0#$),&($!+#!&(0($)*#*!*(!(58+(#-!(&E)5#$!

0,&!#+',!&).(+!*(!82-)F0#0):&!,1(*(0(!#+!3(03,!*(!@2(!3#;!2&#!*)92$):&!)&#8-,8)#*#!*(!+,$!$2$'-#',$!#!

'-#&$9,-5#-!#!'-#.C$!*(!+#!5(51-#&#!*(!+#$!0C+2+#$?!,!1)(&!@2(!(+!8-,*20',!*(!+# !'-#&$9,-5#0):&!&,!$(!

*)92&*#!2&#!.(E!8-,*20)*,D!W1.)#5(&'(?!($',!7(&(!+#!*($.(&'#H#!*(!@2(!+,$!8-,0($,$!*(!82-)F0#0):&!;!

$(8#-#0):&!*(!(&E)5#$!(&!,0#$),&($!82(*(&!-($2+'#-!+#-4,$!;!0,$',$,$!AZ;#+#?!LYY`BD!
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! "# !*(0)$):&!F&#+!$,1-(!+,!@2(!$(!*(1(!27+)E#-!A(&E)5#$?!5)0-,,-4#&)$5,$?!($'#*,!*(!82-(E#?!('0DB!

*(8(&*(!*(!*).(-$,$!9#0',-($!A>5M,2-'bB!0,5,J!(+!78,!*(!-(#00):&!@2(!3#&!*(!0#'#+)E#-?!+# !8-($(&0)#!*(!

0,9#0',-($!@2(!*(1#&!$(-!-(27+)E#*,$!;!+#!($0#+#!(&!+# !02#+!+#!'-#&$9,-5#0):&!$(!3#!*(!++(.#-!#!0#1,!(&'-(!

,'-,$!A^#1(-?!LYYXBD

>5M,2-'bJ'>2+N;2+-K',;'K;4;**+V<',;'5<'*MNM4+_M,-2'(#N2MMN1-cT'788a:

"3N2M*N-'*;454M2
"<_+PM'

652+]*M,M
>;454MK';<'
*2;*+P+;<N-

>;454MK';<'
2;6-K-

Z07.)*#*
V,*(-#*# Z+'# V,*(-#*#K

Z+'#

G$8(0)F0)*#*
V,*(-#*# Z+'# V,*(-#*#K

V,*(-#*#

[(0)0+#*,!*(!0,9#0',-($ [(@2(-)*,[(@2(-)*, I,!-(@2(-)*,I,!-(@2(-)*,

a-#&$8,-'(!*(+!$2$'-#', I,!-(@2(-)*,I,!-(@2(-)*, [(@2(-)*,[(@2(-)*,

M218-,*20',$ O,0,$ V2;!8,0,$ <#-),$L Z+42&,$L

P,$', V,*(-#*, Z+'# V,*(-#*#5(&'(!1#H,!V,*(-#*#5(&'(!1#H,!

[(27+)E#0):& I, M) I, M)

a,+(-#&0)#!#!+,$!*)$,+.(&'($
Z+'#Z+'# _#H# Z+'#

P,&0(&'-#0):&!*(+!8-,*20',
Z+'#Z+'# _#H# Z+'#

[(028(-#0):&!*(+!8-,*20',
[(+#7.#5(&'(!

0,58+(H#
^/0)+ P,58+(H#

[(+#7.#5(&'(!
0,58+(H#

G@2)8, _#-#',_#-#', P#-, _#-#',

r($8(-*)0), O,0,$!O,0,$! _),5#$#!_),5#$#!

O2(*(!)&0-(5(&'#-$(!AKB!,!-(*20)-$(!ALB!#+!27+)E#-!0(8#$!-(0,51)&#&'($O2(*(!)&0-(5(&'#-$(!AKB!,!-(*20)-$(!ALB!#+!27+)E#-!0(8#$!-(0,51)&#&'($O2(*(!)&0-(5(&'#-$(!AKB!,!-(*20)-$(!ALB!#+!27+)E#-!0(8#$!-(0,51)&#&'($O2(*(!)&0-(5(&'#-$(!AKB!,!-(*20)-$(!ALB!#+!27+)E#-!0(8#$!-(0,51)&#&'($O2(*(!)&0-(5(&'#-$(!AKB!,!-(*20)-$(!ALB!#+!27+)E#-!0(8#$!-(0,51)&#&'($

! \B>-<,+*+-<;K' ,;' 4M' 2;M**+V<J! o(&(-#+5(&'(! +,$! 0#'#+)E#*,-($! 1),+:4)0,$! 8,$((&! 2&#! #+'#!

#07.)*#*! (&! 0,&*)0),&($! $2#.($! *(! '(58(-#'2-#! A#+-(*(*,-! *(! XY!B?! 8>! 0(-0#&,! #! +# !&(2'-#+)*#*?!

8-($),&($!#'5,$9C-)0#$!&,-5#+($!(&!2&!5(*),!*(!-(#00):&!#02,$,!2!,-4/&)0,!A":8(E?!LYYSBD

! XB%;,+-' ,;' 2;M**+V<J! a-#*)0),&#+5(&'(?! +#$! 1),'-#&$9,-5#0),&($! $(! 3#&! ++(.#*,! #! 0#1,! (&!

$)$'(5#$!#02,$,$!*(1)*,!#!@2(!+#$!(&E)5#$!;!0C+2+#$!(&!0-(0)5)(&',!$,&!0,58#71+($!0,&!*)03,!5(*),D!

G&!(+!0#$,!8#-702+#-!*(!+,$!'(-8(&,$?!($',$!$,&!8,1-(5(&'(!$,+21+($!(&!#42#?!8(-,!(+!2$,!*(!2&#!9#$(!

,-4/&)0# !(&!(+! $)$'(5#!*(! -(#00):&!8,*-%#!5(H,-#-! $2! '-#&$9,-5#0):&!(&!0,58#-#0):&!0,&!2&! $)$'(5#!

5(-#5(&'(!#02,$,!*(1)*,!#!@2(!(+!1),0#'#+)E#*,-!8(-5#&(0(!(&! +#! 9#$(!#02,$#!5)(&'-#$!@2(!+# !9#$(!

,-4/&)0#!$)-.(!0,5,!#+5#0C&!8#-#!(+!$2$'-#',!;!(+!8-,*20',D
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!! !"#!)&0,-8,-#0):&!0,&7&2#!*(+!8-,*20',!#!+# !9#$(!,-4/&)0#!5,*)F0#!(+!(@2)+)1-),!'(-5,*)&/5)0,!

9#.,-(0)(&*,!+# !9,-5#0):&!*(!8-,*20',$?!5#&'(&)(&*,!+# !'-#&$9,-5#0):&!;!*)$5)&2;(&*,!+,$!(9(0',$!*(!

)&3)1)0):&!*(+!0#'#+)E#*,-!8,-!8-,*20',D!Z*)0),&#+5(&'(?!+#!-(028(-#0):&!'#&',!*(+!1),0#'#+)E#*,-!0,5,!

*(+! 8-,*20',! $(! .2(+.(! 5#$! 9/0)+! (&! 0,58#-#0):&! 0,&! 2&! 5(*),! ($'-)0'#5(&'(! #02,$,D! G&! (+! 0#$,!

8#-702+#-!*(!#+42&,$!'(-8(&,$?!($',$!8,$((&!#07.)*#*!#&75)0-,1)#&#!;!(+!2$,!*(!*)$,+.(&'($!,-4/&)0,$!

#;2*#!#! -(*20)-! $2! ',N)0)*#*! 9-(&'(! #! +,$!5)0-,,-4#&)$5,$! @2(!$(!2$#&! (&! +# !1),'-#&$9,-5#0):&D! M)&!

(51#-4,?! +,$! *)$,+.(&'($! ,-4/&)0,$! 82(*(&! )&#07.#-! # ! +#$! (&E)5#$! ;! 0#2$#-! 8C-*)*#! *(! +#! .)#1)+)*#*!

0(+2+#-!8,-!)&'(-9(-)-!0,&!+#!5(51-#&#!D!W'-,$!5(*),$!&,!0,&.(&0),&#+($!@2(!82(*(&!$(-!27+)E#*,$!(&!

+,$! ($'2*),$ !*(! 1),0,&.(-$):&! )&0+2;(&! # ! +,$! +%@2)*,$! ),&)0,$ !;! +,$ !m2)*,$! $28(-0-%70,$D! ",$! +%@2)*,$!

):&)0,$!$,&!$#+($!*(!1#H,!82&',!*(!92$):&?!*)$,+.(&'($ !8,+#-($!&,!#02,$,$ !@2(!82(*(&!*)$,+.(-!5203,$!

0,582($',$!;!3#&!*(5,$'-#*,!(9(07.)*#*!(&!+#!8-,*200):&n'-#&$9,-5#0):&!*(!'(-8(&,$?!#*(5/$!*(!@2(!

82(*(&!#0'2#-!0,5,!-($(-.,-),!*(+!$2$'-#',!(&!(+!5(*),!*(!-(#00):&!AP#-.#+3,?!LYYql!":8(E?!LYYSBD!G+!

2$,! *(! *('(-4(&'($ !;! C'(-($!0,-,&#! 82(*(! ++(4#-! #! )&0-(5(&'#-! +#!(F0)(&0)# !*(! +#$! (&E)5#$! 1#H,! +#!

3)8:'($)$!*(!@2(! $(!-(52(.(! #42#! +)4#*#!#+!$)7,!#07.,!*(! +# !(&E)5#?! +,! @2(!,0#$),&#! $2! #07.#0):&D!

Z*(5/$!2&#!*(!+#$!.(&'#H#$!8,'(&0)#+($!*(!++(.#-!#!0#1,!'-#&$9,-5#0),&($!(&!$)$'(5#$!,-4/&)0,$!($!+#!*(!

)&0-(5(&'#-! +#! $,+21)+)*#*! *(! 0)(-',$! $21$'-#',$! 3)*-,9:1)0,$! ,! 0#51)#-! $2! ($8(0)F0)*#*! ;!

(&#&7,$(+(07.)*#*!A",243+)&?!LYYYBD

!

! QB"3N2M**+V<' ,;4'62-,5*N-' B' 652+]*M*+V<J! k&#!.(E! 0,&0+2)*,! (+!8-,0($,!*(!'-#&$9,-5#0):&?! +# !

$(8#-#0):&! *(+! 0#'#+)E#*,-! 8,-! 'C0&)0#$! *(! (N'-#00):&?! 8-(0)8)'#0):&?! 0(&'-)924#0):&! ;! *($7+#0):&! $(!
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LYYSBD!

! qB"4'e6-',;'2;M**+V<J!W-)4)&#+5(&'(!0#$)!',*#$!+#$!#8+)0#0),&($ !*(!+,$!8-,0($,$!1),+:4)0,$!8#-#!

++(.#-!#!0#1,!2&#!'-#&$9,-5#0):&!)&.,+20-#1#&!-(#00),&($ !3)*-,+%70#$?!8(-,!#0'2#+5(&'(!(N)$'(!2&#!4#5#!

5#$!#58+)# !*(! -(#00),&($!@2(! $(! 3#!#8+)0#*,! #! ($0#+#! 0,5(-0)#+ !,! # !&).(+!*(! +#1,-#',-),! A_2033,+E?!
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0#51),?! +#$! -(#00),&($! @2(! -(@2)(-(&! *(! ,N)*,-(*20'#$#$! A(&E)5#$! -(+#7.#5(&'(! 0,58+(H#$?!

9-(02(&'(5(&'(!0,&$7'2)*#$!8,-!5/$ !*(!2&#!8-,'(%&#B!$,&!++(.#*#$!#!0#1,!8,-!0(+2+#$!0,58+('#$!*(1)*,!
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IJZJ'A+-*-<L;2K+V<',;'N;26;<-K
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"KO5;PM'9J'>-<e<5M*+V<J'A+-N2M<Kc-2PM*+V<',;'N;26;<-+,;K'*-<'Q7-#0;,#('/2'&!!@'ab^b
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/0)*,!1('2+:&)0,?!5)(&'-#$!@2(!0(8#$!*(!A*/$7)9+#(#S%,'! ZaPP!qS\S!;!H"7)*0*""#( 6&'#0,7,;*'! ZaPP!
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"KO5;PM'I.J'!5NM'K+<N`e*M'62-65;KNM'6M2M'4M'N2M<Kc-2PM*+V<',;4')*+,-'-4;M<-4+*-

'M4'*-P65;KN-'@\\\YDDD'6-2'F5#*$7),&)("7%1,0'$7%*J

!

! P,58#-#*,! 0,&! (+! 2$,! *(! 0C+2+#$ ! 0,58+('#$?! +# ! #8+)0#0):&! *(! (&E)5#$! #)$+#*#$! 8#-#! +# !
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8-)&0)8#+5(&'(!0)0+)E#0),&($?!-28'2-#!*(+!(&+#0(!4+)0,$%*)0,!;!,N)*#0),&($n3)*-,N)+#0),&($D!
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(&+#0(!,!2&!(8:N)*,!@2(!4(&(-# !0#7,&($!$(42)*#!8,-!(+!0)(--(!*(!#&)++,$!;! -(,-*(&#5)(&',$ !$20($).,$D!!

G$'(! 3(03,! 3#! 4(&(-#*,! +# ! 821+)0#0):&! *(! &25(-,$#$! )&.($74#0),&($! -(+#0),&#*,$! 0,&! +#$! -2'#$!
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! W'-,!4-28,!*(!(&E)5#$!)58,-'#&'($!8#-# !+#!'-#&$9,-5#0):&!*(!'-)'(-8(&,$!$,&!+#$!4+)0,$)*#$#$D!

G&! ($'(! $(&7*,! M3#F((! ALYYKB! (.#+2:! +#! 0#8#0)*#*! *(! LS! (&E)5#$! A4+)0,$)*#$#$?! 4+20,-,&)*#$#$! (!

3)*-,+#$#$B! 8#-#! -,58(-! (+! (&+#0(! 4+)0,$%*)0,! *(! +#! (&925#92&4)&#! A2&! '-)'(-8(&,! 0,&! #07.)*#*!

#&796&4)0#B! ;! ,1$(-.:! @2(! $,+,! 2&#! 4+)0,$)*#$#! -(0,51)&#&'(! (-#! 0#8#E! *(! -,58(-! *)03,! (&+#0(! ;!

5#&'(&(-!$2$!8-,8)(*#*($ !1),+:4)0#$!)&'#0'#$?!+,!@2(!-(8-($(&':!(+ !82&',!*(!8#-7*#!8#-#!+# !8-,*200):&!

*(!,'-,$!*(-).#*,$D!

! O,-!6+75,?!2&!4-28,!*(!(&E)5#$!1#$'#&'(!4-#&*(!@2(!#+!8#-(0(-!$(!(&02(&'-#!(&!0#$)!02#+@2)(-!

,-4#&)$5,!($!(+!4-28,!*(!+,$ !0)',0-,5,!8XQY!A*('#++($ !5#$!($8(0%F0,$!$(!(&02(&'-#&!(&!(+!#8#-'#*,!*(!

#&(N,$B?! $)$'(5#$! 0#8#0($!*(!*($#--,++#-! ,N)*#0),&($?! -(*200),&($! ;! 8(-,N)*#0),&($! @2(! 82(*(&! $(-!

27+)E#*,$!8#-#!*)9(-(&'($!'#-(#$?!8,-!(H(58+,?!(&!+#!$%&'($)$ !*(!@2%5)0,$!F&,$!AV2}(-?!LYKYBD!G+!8-)&0)8#+!

8-,1+(5#!#+! '-#'#-! *(! 82-)F0#-! ($',$! $)$'(5#$! (&E)5/70,$! ($! $2! )&($'#1)+)*#*! ;! 1#H# !(N8-($):&! @2(!

8,$((&!A<#&!*(&!_-)&h?!Kcc`B?!#*(5/$!*(!@2(!(&!$2!5#;,-%#!*(8(&*(&!*(!+#!)&'(-#00):&!0,&!2&,!,!5/$!

8-,.((*,-($!*(!(@2).#+(&'($!-(*,N! !A0,5,!+#$!0#*(&#$!*(!'-#&$9(-(&0)#!*(!(+(0'-,&($B!8#-#!++(.#-!# !0#1,!

+# !.#$'#! 4#5#!*(! -(#00),&($! @2(! $,&! 0#8#0($ !*(! 0#'#+)E#-?! -#E:&! 8,-! +#! @2(! $2! 2$,! 0,5,! $)$'(5#$!

82-)F0#*,$!82(*(!++(4#-!# !$(-!0,58+)0#*#D!G&!LYYq?!^2H))!27+)E:!2&!$)$'(5#!-(0,51)&#&'(!*(!0)',0-,5,R

8XQY! 5,&,N)4(&#$# ! 8-,.(&)(&'(! *(! Q7%7)&0#*#( 0*-D-#$*%#! (N8-($#*,! (&! 0(+2+#$ ! 0,58+('#$ ! *(!

C'-5*0,-5,#(-7",!8#-#!3)*-,N)+#-!(+ !/0)*,!,+(#&:+)0,!A@\\DB! ;!,1'(&(-!/0)*,!@2(-('#-,)0,D!Z*)0),&#+5(&'(?!

$2! )&'(-C$!8,-!5(H,-#-!+,$!-($2+'#*,$!,1'(&)*,$!+,! ++(.:!#!2$#-!+)$#*,$! !0(+2+#-($ !;!IZr>nIZrO>!0,5,!

0,9#0',-($!-(*,N!+,4-#&*,!)&0-(5(&'#-!(&!2&!KST!+,$!-(&*)5)(&',$!(&!0,58#-#0):&!0,&!+# !($'-#'(4)# !*(!

+#$! 0C+2+#$! 0,58+('#$D! G$'(! 3#++#E4,! 82(*(! $(-! 2&! )&*)0#*,-! *(! +#! 5%&)5#! 8(-5(#1)+)*#*! #+! /0)*,!

,+(#&:+)0,! @2(!(N)$'(! (&! +#! 0C+2+#! )58)*)(&*,! @2(! ($'C! *)$8,&)1+(! (+! $2$'-#',! 8#-#! ++(.#-! #! 0#1,! +#!

-(#00):&D!O,-! +,! #&'(-),-! $(s#+# !@2(! 2&#!#8-,N)5#0):&!0,&!(+!2$,!*(! +)$#*,$!0(+2+#-($!82(*(!$(-! 2&#!

3(--#5)(&'#!8,*(-,$#!8#-#!)*(&7F0#-!5,+C02+#$!)&*('(0'#1+($!#+!2$#-!0C+2+#$!0,58+('#$ !*(1)*,!#!+#!9#+'#!

*(!8(-5(#1)+)*#*!*(!+#!5(51-#&#!0(+2+#-!AV2}(-?!LYKYBD

IJZJIJ'A+-*-<L;2K+-<;K',;4')*+,-'W;N54Q<+*-

! "# !1),0,&.(-$):&!*(+!/0)*,!1('2+%&)0,!$(!3#!.)$',!+)5)'#*#!#!8,0,$!'-#1#H,$!A"KO5;PM'I^'B'>5M,2-'

ZB! #! &).(+!52&*)#+D! G&! $2! 5#;,-%#! ($',$! 3#&! $)*,! *($#--,++#*,$! 0,&! (+! 2$,! *(! 0(+2+#$!5)0-,1)#&#$?!
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A"KO5;PM' I^' *BD! G$(! 5)$5,! #s,?! |,2E)! ,1$(-.:! +# ! 0#8#0)*#*! *(! ($'#! 5)$5#! 0(8#! 8#-#! 8-,*20)-!
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0-(0)5)(&',! *(!J&-70( )&-*;7! 8-,*2H,! 2&!5('#1,+)',! )*C&70,!#+!,1'(&)*,! 0,&!3#-,""&'( )*1#$*0,&)!

A"KO5;PM'I^',B!,N)*#*,!(&!8,$)0):&!PRS!A\>DYBD!
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! Z! 8($#-!*(!@2(!(N)$'(&!8,0,$!)&9,-5($!$,1-(!'-#&$9,-5#0),&($!*(!'-)'(-8(&,$!(&!4(&(-#+!;!(&!

($8(0)#+!*(+!78,!+28#&,!++(.#*#$!#!0#1,!8,-!3,&4,$!A_#$',$?!LYYSl!j)R3(?!LYYcB?!2&!($'2*),!-(0)(&'(!3#!

5,$'-#*,! +#! 0#8#0)*#*! @2(!7(&(&! +,$! 3,&4,$!*(+! 4C&(-,! .0$50747$09':( F5#*$7/57)#:( <*)#D&)( ;(

F7""*$7$0,-5&)!8#-#!++(.#-!#!0#1,! -(#00),&($!*(!,N)*#0):&!$(+(07.#$ !$,1-(!$2$'-#',$!0,&!($@2(+(',!*(+!

78,!+28#&,!0,5,!(+!/0)*,!1('2+%&)0,!A\\YB! ;!(+!1('2+:&)0,!A@\\\DBD!V2;!-(0)(&'(5(&'(?!.#-),$ !3,&4,$!

F+#5(&',$,$! 92(-,&! 8-,1#*,$! 8#-#! ++(.#-! #! 0#1,! +#! '-#&$9,-5#0):&! *(! +#! 1('2+)&#! A\\DDDB! (&! /0)*,!

1('2+%&)0,! A\\YB! ;! *(! ($',$?! *,$! 0(8#$! *(! .'/*01,""&'! A.2( 67*D;&'( ~kRoK! ;! .2( 709?#%*! ZM! \DXc`B!
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27+)E#&*,! *,$! 0(8#$! *(! 3#-,""&'( )*1#$*0,&)J! +# ! 0(8#! ZaPP! KXQ`K! A"KO5;PM' IZ' MB! 8-,*2H,! /0)*,!
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>-<e<5M*+V<',;4'*5M,2-'ZJ'A+-N2M<Kc-2PM*+-<;K',;'N;26;<-K'(%5q;2T'78I8:

C2+N;26;<-+,; %+*2--2XM<+KP- !;M**+V< !;c;2;<*+M

/0)*,!1('2+:&)0,
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! "# !$%&'($)$!(&E)5/70#!*(+!/0)*,!\RWR1(&E,)+1('2+%&)0,!A>YDB! 0,&!0+,-2-,!*(!1(&E,%+,!92(!*($0-)'#!

8,-!{#5)&!(&!LYYX!;!LYY`!AU+X52M'I9B!;!*(1)*,!#!+# !8-,5)$,-)#!#07.)*#*!0)',':N)0# !*(!($'(!*(-).#*,?!$(!

-(#+)E#-,&! ($'2*),$! *(! ,875)E#0):&! (&0,&'-/&*,$(! @2(! +#! (&E)5#! I,.,E;5! '(&%#! 2&#! 52;! 12(&#!

(F0)(&0)#!0#'#+%70#!*(!5#&(-#!@2(!+,$!-(&*)5)(&',$!*(!+#!-(#00):&! 92(-,&!*(+!XQD\TD! "#$!0,&*)0),&($!

:875#$!(&0,&'-#*#$ !5(*)#&'(!2&#!5(',*,+,4%#!*(!$28(-F0)(!*(!-($82($'#!92(-,&J!KL!3,-#$!*(!-(#00):&!

#!2&#!'(58(-#'2-#!*(!QY!!27+)E#&*,!0+,-,9,-5,?!2&#!#07.)*#*!#02,$#!*(!YDKL?!KQY!54!*(!(&E)5#D!

"KO5;PM'I9J'#Q<N;K+K';<_+P)e*M',;4')*+,-'.0E0W;<_-+4W;N54Q<+*-'(rMP+<T'788^'B'788=:

! "# !($'(-)F0#0):&!*(+!4-28,!0#-1,N%+)0,!*(+!/0)*,!1('2+%&)0,!A\\YB!++(.#*#!#!0#1,!8,-!2&# !+)8,E)5#!

A+)8#$#!)&5,1)+)E#*#B!(&!2&!5(*),!,-4/&)0,!A0+,-,9,-5,B!92(!*($0-)'#!8,-!MD!W5#-!2&!#s,!5/$!'#-*(!(&!

LYYQ!AU+X52M'78BD!"#$ !0,&*)0),&($!*(!-(#00):&!A#4)'#0):&!(&!2&!1#s,!V#-%#!#!\S!!*2-#&'(!LX!3,-#$B!1#H,!

+#$!02#+($!(+!/0)*,!1('2+%&)0,! A\\YB!$(!($'(-)F0:! 0,&!(+!KR*(0#&,+!,9-(0)(-,&!(+(.#*,$!-(&*)5)(&',$!*(!

9,-5#0):&!*(+!C$'(-!\bR3)*-,N)R+28RLYALcBR(&(RL`R,#',!*(!*(0)+,!A>YDDBD
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*(1)*,!#!+#!3#1)+)*#*!@2(!7(&(&!+,$!$)$'(5#$!5)0-,1)#&,$!;!(&E)5#70,$!8#-#!92&0),&#+)E#-!8,$)0),&($!&,!
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02(&'#! +#$! 1,&*#*($! ;! 0#-#0'(-%$70#$! )&'(-($#&'($! @2(! 8-($(&'#&! +,$ ! 8-,0($,$! 1),'(0&,+:4)0,$?! $(!

8+#&'(#&!+,$!$)42)(&'($!,1H(7.,$D

EWp;eL-'o;<;2M4
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>5M,2-'='!;M*eL-K'5e4+_M,-K

!;M*eL-K!;M*eL-K!;M*eL-K!;M*eL-K!;M*eL-K!;M*eL-K
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[(#$,+ Z&#+%70, G'(-!*(!O('-:+(, j2%5)0#!V(;(- aC0&)0,

Z0(',&# r)$'-)12)*,-#!

j2%5)0#!Z"<=

jDOD GN'-#0',!*(!
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\Dc!NKQY!55

g#'(-$ O+#0#!8-(8#-#7.#!
LY!w!LY!05

M="Ro!LYYn!k<LXQ!
&5?!L!55

V#03(-(;!
I#4(+

>5M,2-'I8'%MN;2+M4'W+-4VX+*-'("K6;*+;K'L;X;NM4;K:
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O#-@2(! G$8#s#?! rD D̂! n!
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-(#07.,! 8(-5#&(0(! ($'#1+(! 8,-! #+! 5(&,$! #+42&,$! 5($($! (&! 0,&4(+#0):&?! .#-)#$! $(5#&#$! (&! (+!
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-(9-)4(-#0):&!3#$'#!$2!2$,D
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P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV

%!



>?HDC$@E'^
'!"#$@C?FE#'r'FD#>$#DG&

^JIJ'"NM6M'IJ'EWN;<*+V<',;4')*+,-'W;N54Q<+*-'

! r(&'-,!*(+!5#-0,!'(:-)0,! !$(!0,5(&':!@2(!(+!/0)*,!1('2+%&)0,!A\\YB!3#!$)*,!(&0,&'-#*,!(&!4-#&!

.#-)(*#*!*(!8+#&'#$ !$28(-),-($!*(+!-()&,!.(4('#+?!@2(!3#!$)*,!#)$+#*,!8,-!*).(-$#$!5(',*,+,4%#$!;!@2(!$2!

*)$8,&)1)+)*#*!$(!(&02(&'-# !+)5)'#*#!(&!#+42&#$!($8(0)($!A|-#$2'$h;?!LYYqBD!G$',!3# !++(.#*,!#!+#!16$@2(*#!

*(!&2(.#$ !92(&'($ !8#-#!$2!(N'-#00):&!;!#!)582+$#-!(+!*($#--,++,!*(!5(',*,+,4%#$!#&#+%70#$!@2(!*(-).(&!

(&!8-,',0,+,$!8#-# !$2!02#&7F0#0):&D!O#-702+#-5(&'(!(&!VCN)0,?!($'(!*($#--,++,!$(!3#!.)$',! +)5)'#*,!#!!

52;!8,0#$!)&.($74#0),&($!ArH(-#$$)?!KcQql!O(-(ERP#$'-,&(-#?!KccSl![,5,!*(!<).#-?!LYYqB!0,&$)*(-#&*,!

+#!4-#&!*).(-$)*#*!(0,+:4)0#!*(!&2($'-,!8#%$!(&!$2$!0#$)!L!5)++,&($!*(!|5L!A<)++#$(s,-?!LYY\BD!

#;**+V<'Df'"4;**+V<',;'4M'c5;<N;',;';3N2M**+V<

' P,5,! 2&#!#8-,N)5#0):&! #+! *($#--,++,!*(!5(',*,+,4%#$!@2(!8(-5)'#&!#58+)#-! (+!0,&,0)5)(&',!

$,1-(!+#!*)$'-)120):&! *(+!/0)*,!1('2+%&)0,! A\\YB!(&!(+! -()&,!.(4('#+! A(&! 8#-702+#-!*(&'-,!*(! +#!-)@2(E#!

&#'2-#+!*(!VCN)0,B?!$(!++(.:!# !0#1,!2&!#&/+)$)$!02#+)'#7.,!8,-!PP^!;!2&!#&/+)$)$!02#&7'#7.,!8,-!>O"P!*(!

+,$!(N'-#0',$!('#&:+)0,$!*(!+#$!X! ($8(0)($ !$(+(00),&#*#$!8-(.)#5(&'(!8,-! $2!#58+)# !*)$'-)120):&!(&! (+!

'(--)',-),!&#0),&#+D!G+!*)$,+.(&'(!27+)E#*,!8#-#!++(.#-!#!0#1,!(+!8-,0($,!*(!(N'-#00):&!92(!(+!G'W>!;#!@2(!!

$(!5(&0),&#!(&!+#!+)'(-#'2-# !AV#-0)&?!LYYcB!@2(!C$'(!*)$,+.(&'(!8(-5)'(!+#!(N'-#00):&!0#$)!0,58+('#!*(+!

/0)*,!1('2+%&)0,!A\\YB!*(!9#$($!$:+)*#$D!

! k&! #&/+)$)$! 8-(+)5)&#-! *(! +,$! (N'-#0',$! ('#&:+)0,$! ,1'(&)*,$?! 5,$'-:! +#! 8-($(&0)# ! *(! .#-),$!

0,582($',$!@2(!8,-! 0,58#-#0):&! 0,&! 2&! ($'/&*#-!*(+! /0)*,! 1('2+%&)0,! A\\YB! $(!82*,! )*(&7F0#-! $2!

8-($(&0)# !(&! (+! 5#'(-)#+! .(4('#+! #&#+)E#*,D! G+! $)$'(5#! *(! (+20):&! @2(! $(! 27+)E,! A>(NJZ0WG'l! SDQJLDQ!

#*)0),&#*,!0,&!KY�"!*(!/0)*,!#0C70,B!8(-5)7:!,1$(-.#-!2&#!#*(02#*#!$(8#-#0):&!*(!+,$ !0,58,&(&'($!

8-($(&'($!(&!+,$ !(N'-#0',$!0,&!+,!02#+!$(!82*,!0,--,1,-#-!$2!8-($(&0)# !#+!0,58#-#-!(+!.#+,-!*(!!c'*(!+#$!

52($'-#$!0,&! +,$!($'/&*#-($!*(+ !/0)*,! 1('2+%&)0,! A!c' 8JbaB! ;! *(!$2! 8-(02-$,-! (+ !#+0,3,+!1('2+%&)0,! A!c'

8JaZBD! Z*)0),&#+5(&'(?! 27+)E#&*,!($'/&*#-($! *(! '(-8(&,$ !-(+#0),&#*,$!#+! /0)*,! 1('2+%&)0,?! $(! ++(.,! #!

0#1,!,'-,!#&/+)$)$ !8,-!PP^!AU+X52M'7ZB!*(!+#$!52($'-#$!(.#+2#*#$!(&!2&!#9/&!8,-!0,&,0(-!+#!0,58,$)0):&!

*(!+,$!(N'-#0',$!(&!92&0):&!*(!+#$!5(',*,+,4%#$!27+)E#*#$!8#-#!$2!,1'(&0):&?!#*(5/$!*(!($8(02+#-!$,1-(!

+# !(F0)(&0)#!*(+!8-,0($,!;!,1'(&(-!)&9,-5#0):&!@2(!8(-5)7(-# !)*(&7F0#-!*(!9,-5#!8-($2&7.#?!-/8)*# !;!

$(&0)++#!+#!92(&'(!5#$!#*(02#*#!8#-#!+#!(N'-#00):&!*(+!/0)*,!1('2+%&)0,D!

P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV

%"



?:'"3N2M**+V<'M'N;P6;2MN52M'MPW+;<N;

A:'"3N2M**+V<'6-2'#-314;N

!
>:'"3N2M**+V<'6-2'$4N2MK-<+,-

"KO5;PM'7ZJ'>>U'*-P6M2MeLM',;'4-K';3N2M*N-K';<';KN5,+-';45+,M'*-<'5<'K+KN;PM
'i;3f?*E"N'(ZJaf7Ja:'M,+*+-<M,-'*-<'I8v@',;')*+,-'M*`e*-

!

Frente de 

elución

Frente de 

elución

Frente de 

elución

P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV
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! O#-#! (9(0',$! *(! 0,58#-#0):&! (&'-(! +#$! 8+#0#$?! $(! ++(.,! #0#1,! 2&#! ($'#&*#-)E#0):&! *(! +#$!

52($'-#$?! #8+)0#&*,!(&! 0#*#!82&',! #8-,N)5#*#5(&'(! YDYL!54! *(!0#*#!2&#!*(!(++#$! ;! $(! 27+)E:! 2&#!

5(E0+#!*(!(+20):&!*(!>(NJZ0WG'!ASDQJLDQB!#*)0),&#*,!0,&!KY�"!*(!/0)*,!#0C70,D!G&!+#$ !8+#0#$!$(!,1$(-.#!

@2(!(&!+#$!3,H#$!;!9-2',$!*(!G0#+,%&'(&5;*,!$(!(&02(&'-#!8-($(&'(!2&#!1#&*#!02;,!!c!$(!#$(5(H#!#+ !*(+!

/0)*,!,+(#&:+)0,!,!2-$:+)0,D! G&! (+ !0#$,!*(!+,$!(N'-#0',$!*(!",T&,;#)4#0( '$90#-,R&#:! +#$!1#&*#$!@2(!$(!

)*(&7F0#&! 82(*(&! ($'#-! -(+#0),&#*#$! 0,&! +#! 8-($(&0)#! *(! ($'(-,+($! ;! '(-8(&,$! 8(-'(&(0)(&'($! #! +#!

9#5)+)#!*(!+,$!,+(#&#&,$!;n,!+28#&,$D!"#$ !1#&*#$ !@2(!$(!*)$7&42(&!(&!+,$!(N'-#0',$!*(!."%&'!#-&),%#$#!

$(! 0-((!7(&(&! -(+#0):&! 0,&! +#!8-($(&0)#! *(!0,582($',$!0,5,! +#$ !#5)-)&#$?! +,$!($'(-,+($! ;! (+! +28(,+?!

5)(&'-#$!@2(! +#$!1#&*#$!8-($(&'($!(&!+,$!(N'-#0',$!*(!!"#$#%&'()*+,-#%#!0,--,1,-#&!+#!8-($(&0)#!*(+!

/0)*,!1('2+%&)0,D

! r(!#02(-*,!0,&!"4';KO5;PM'7Z?!'#&',!+#!)*(&7*#*!0,5,!+#!)&'(&$)*#*!*(!+#$!1#&*#$ !8-($(&'($!

(&!(+ !(N'-#0',!*(!+#!0,-'(E#!*(!!"#$#%&'()*+,-#%#!#82&'#&!# !@2(!($'#!($8(0)(!82*)(-#!$(-!+#!92(&'(!5#$!

#8-,8)#*#!8#-#!$2!(N'-#00):&D!Z*)0),&#+5(&'(?!$(!,1$(-.#!@2(!(+!8(-F+!*(!0,582($',$ !8-($(&'($!(&!+,$!

(N'-#0',$! 82(*(! ($'#-! )&m2(&0)#*,! 8,-! +#! 5(',*,+,4%#! *(! (N'-#00):&! 27+)E#*#?! $)&! (51#-4,! +#$!

+)5)'#0),&($!*(!+#!PP^!&,!8(-5)'(&!*('(-5)&#-!0,&!0+#-)*#*!02#+!*(!+,$!5C',*,$!*(!(N'-#00):&!82*)(-#!

$(-!(+!5#$!(F0)(&'(D!

! G+!>5M,2-'I^'52($'-# !(+!0,&'(&)*,!-(+#7.,!*(!/0)*,!1('2+%&)0,!A(N8-($#*,!0,5,!8,-0(&'#H(B!(&!

+,$!(N'-#0',$!('#&:+)0,$!*(!+#$!X!($8(0)($!*(!#-1,+($!#&#+)E#*#$D!a#+!0,5,!$(!5(&0),&:!(&!(+!0#8)'2+,!*(!

+# !5(',*,+,4%#?!+#!(N'-#00):&!*(+!/0)*,!1('2+%&)0,!#!8#-7-!*(!+#$ !5#'-)0($!1),+:4)0#$!$(!-(#+)E,!2&#!$,+#!

.(E! ;! 0#*#!2&#! *(!(++#$! 92(! )&;(0'#*#!(&! (+!0-,5#',4-#9,! *(! +%@2)*,$!8,-! '-)8+)0#*,?! 8,-! +,! @2(?! +,$!

-($2+'#*,$!8-($(&'#*,$! #!0,&7&2#0):&! $(!52($'-#&! 0,5,! 2&! 8-,5(*),!*(!($'#$!*('(-5)&#0),&($D! Z+!

8#-(0(-! +#!0,-'(E#!*(!!"#$#%&'()*+,-#%#!0,&7(&(!+#!5#;,-! 0#&7*#*!*(!/0)*,!1('2+%&)0,!A\\YB! 0,&!2&!

.#+,-!*(+!LDST!A8#-#!(+!0#$,!*(+!(N'-#0',!3(03,!8,-!M,N3+('B?!0)9-# !@2(!$(!(&02(&'-#!*(&'-,!*(!+,$!.#+,-($!

)&9,-5#*,$!(&! +#! +)'(-#'2-#!AYDYcR\DXKTB! 8#-#!(+! ! 4C&(-,! !"#$#%&'! Ao#+4,&?! Kcccl! p#4(-?! LYYcBD! G$'(!

3#++#E4,! ($! 0,&$)$'(&'(! 0,&! +,$! -($2+'#*,$! ,1'(&)*,$! *(+! #&/+)$)$ ! *(! PP !̂ *($0-)',! #&'(-),-5(&'(!

A"KO5;PM'7ZB?!*,&*(!8#-#!(+!4C&(-,!!"#$#%&'($(!,1$(-.#!2&#!1#&*#!)&'(&$#!#!+#!#+'2-#!*(+!($'/&*#-!*(+!

/0)*,!1('2+%&)0,!A\\YB!5)(&'-#$!@2(!8#-#!+#$!,'-#$!($8(0)($!*)U0)+5(&'(!$(!82(*(!*)$7&42)-D!Z6&!#$%?!#+!

8#-(0(-!(+!0,&'(&)*,!*(!($'(!'(-8(&,!(&!(+!-($',!*(!+#$!($8(0)($!#&#+)E#*,$!($!*(!#8-,N)5#*#5(&'(!KDLT!

(&!8-,5(*),D!

P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV

%$



'>5M,2-'I^J'>-<N;<+,-',;')*+,-'W;N54Q<+*-'(X2MP-K',;')*+,-'W;N54Q<+*-'d'I88'X2MP-K',;'PMN;2+M'K;*M:

C;P6;2MN52M'
?PW+;<N;

#-314;N $4N2MK-<+,-

h h h

U2;K<-

i-pMK

U2;K<-
>-2N;_M

U2;K<-
U25N-

U2;K<-

CM44-

@+O5+,MPWM2

i-pMK

@+O5+,MPWM2
>-2N;_M

@+O5+,MPWM2
U25N-

@+O5+,MPWM2

CM44-

?4<5K

i-pMK

?4<5K >-2N;_M?4<5K

CM44-

H4MNM<5K

i-pMK

H4MNM<5K >-2N;_MH4MNM<5K

CM44-

KD\Q KDKS YD\L

KD\X YDKL YDL\

YDLK � YDLX

KDXc YDK` YD\S

KDKL YD\S �

YDS` KDLQ YDKX

YDKK YD\Q YDYK

YDXq YD`K �

YDqS YDYS �

YDcc YDQK YDSK

YDXc KDKQ YDSK

KD\Q LDYK YDSK

LD\ LDS KDQK

KDc` LDQL YDqq

w'&-',;N;*NMW4;

! "# !02#&7F0#0):&!*(+!/0)*,!1('2+%&)0,!(&! +,$!(N'-#0',$!,1'(&)*,$!$(!++(.,! #!0#1,!27+)E#&*,!2&!

5C',*,! 02;,! +)5)'(!*(!*('(00):&!92(!*(!YDYQ!54n5"?!5)(&'-#$!@2(!$2!+)5)'(!*(!02#&7F0#0):&!92(!*(!

YDKX!54n5"D!"#!+)&(#+)*#*!*(+!#&/+)$)$ !$(!(&02(&'-#!-(8-($(&'#*#!8,-!(+!.#+,-!*(![L!AYDcc`B!*(!+#!02-.#!*(!

0#+)1-#0):&!A;�LLK\cS!w!�!KY\QD`B!(.#+2#*#!(&!(+!)&'(-.#+,!*(!YDYKRL!54n5"D!"4';KO5;PM'7=!8-($(&'#!*(!

9,-5#!0,58#-#7.# !+,$!0-,5#',4-#5#$!-(8-($(&'#7.,$ !*(+!#&/+)$)$!3(03,!#!+#$!52($'-#$!.(4('#+($ !8,-!

>O"P!27+)E#&*,!2&!$)$'(5#!*(!*('(00):&!k<! ALKY!&5B! ;! 2&#!0,+25&#!*(!9#$(!-(.(-$#!PK`D! !G+!)&0)$,!?!

-(8-($(&'#!+,$!($'/&*#-($!*(+!/0)*,!1('2+%&)0,!;!+# !1('2+)&#?!G+!)&0)$,!A!-(8-($(&'#!+# !52($'-#!*('G0#+,%&''

&5;*,T!(+ !)&0)$,!>!-(8-($(&'#!+#!52($'-# !*(!B,T&,;#)4#0('$90#-,R&#?!(+ !)&0)$,!F!-(8-($(&'#!+#!52($'-#!*(!

Z+&2$!#025)&#'#!;!F&#+5(&'(!(+!)&0)$,!"!-(8-($(&'#!+#!52($'-#!*(!!"#$#%&'()*+,-#%#D!

P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV
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'"KO5;PM'7=J'>2-PMN-X2MPMK'*-P6M2MeL-K'6-2'iH@>'6M2M'4M'*5M<e]*M*+V<',;4')*+,-'W;N54Q<+*-

E
ácido betulínico

betulina

D

ácido betulínico

betulina

C
ácido betulínico

betulina

B

ácido betulínico
betulina

ácido betulínico

MeOH

A

Betulina

P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV
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#;**+V<'DDf'"3N2M**+V<'M';K*M4M'62;6M2MeLM

! r(!+,$ !-($2+'#*,$!8-($(&'#*,$!(&!+#!$(00):&!#&'(-),-?!$(!*('(-5)&:!@2(!+#!92(&'(!5/$!#8-,8)#*#!

8#-#!+#!(N'-#00):&! *(+! /0)*,! 1('2+%&)0,! A\\YB! ($ ! +#!0,-'(E#!*(!!"#$#%&'( )*+,-#%#?! '#51)C&! 0,&,0)*#!

0,5,! >Z{Z! (&! #+42&,$! +24#-($ !*(! +#! -(861+)0#!5(N)0#&#! ;! ($8(0)#+5(&'(! (&! (+ !($'#*,! *(! <(-#0-2E!

APWIZ^W[?!LYKYBD!"#!(+(00):&!*(+!*)$,+.(&'(!($'/!+)4#*#!#!+#$!0#-#0'(-%$70#$!*(+!0,582($',!@2(!$(!*($(#!

(N'-#(-!;!8#-#!(+!0#$,!*(!+,$!'-)'(-8(&,$?!($',$!82(*(&!$(-!#*(02#*#5(&'(!(N'-#%*,$!0,&!$,+.(&'($!0,5,!

(+! #0('#',! *(! (7+,! #2&@2(!(&! ,0#$),&($! +,$!$)$'(5#$!*(! (N'-#00):&! 82(*(&!5(H,-#-$(!#0)*2+#&*,! (+!

5(*),!0,&!/0)*,!#0C70,!AW+($E(h?!LYY`BD!O,-!($'#!-#E:&!$(!(+)4):!0,5,!5(*),!*(!(N'-#00):&!2&#!5(E0+#!

*(!*)03,$!*)$,+.(&'($!8#-#!(N'-#(-!qDSc!|4! *(!0,-'(E#!*(!!"#$#%&'()*+,-#%#?!,1'(&)(&*,!KSLDS!4!*(!

(N'-#0',!0-2*,?!+,!@2(!-(8-($(&'#!2&!LDQXT!*(!-(&*)5)(&',!*(!(N'-#00):&D!!

#;**+V<'DDDf'H52+]*M*+V<',;4')*+,-'W;N54Q<+*-

!

! "# !82-)F0#0):&!*(!XY!4-#5,$!*(!(N'-#0',!0-2*,!*(!!"#$#%&'()*+,-#%#!8,-!0,+25&#?!;!$2!8,$'(-),-!

-(0-)$'#+)E#0):&! *(! V(W>?! 8(-5)7(-,&! +# ! ,1'(&0):&! *(! LLD\S! 4-#5,$! *(! 0-)$'#+($! 1+#&0,$! *(! /0)*,!

1('2+%&)0,!A\\YB!(&!9,-5#!*(!#42H#$!1+#&0#$?!+,!@2(!-(8-($(&'#!2&!-(&*)5)(&',!*(!KDXL!4-#5,$!8,-!0#*#!

KYY! 4-#5,$!*(! 0,-'(E#! $(0#?! 0#&7*#*! @2(! -(8-($(&'#!#8-,N)5#*#5(&'(!(+!QYT! *(! +,! @2(!$(!82(*(!

,1'(&(-!*(!($'#!0,-'(E#!$(46&!+,$!-($2+'#*,$!*(+!#&/+)$)$!8,-!>O"P!(9(0'2#*,!8-(.)#5(&'(D!G$'(!3(03,!

7(&(! +:4)0#!82($! (+ !8-,0(*)5)(&',! *(!(N'-#00):&! 27+)E#*,! &,! $(! ++(.,! #! 0#1,! *(! 9,-5#!(N3#2$7.#! ;!

#*(5/$!*2-#&'(! +,$! 8-,0($,$!#! 4-#&! ($0#+#!8-($(&'#&! #+42&,$! 9(&:5(&,$!*(! '-#&$9(-(&0)#!*(!5#$#!

+)5)'#&*,!+#!(N'-#00):&!*(+!0,582($',D

! "# !)*(&7*#*!;! 82-(E#!*(+! /0)*,! 1('2+%&)0,! A\\YB! $(!0,--,1,-,! 0,58#-#&*,! $2! 82&',! *(!92$):&!

A\YLR\KY!B! 0,&!(+!*(!2&!($'/&*#-!0,5(-0)#+!ALcXR\YL!B!*(!82-(E#!5#;,-!#!c`T! ?!0,58#-#&*,!$2![9!!

AYDqKB! 0,&! (+!*(!2&!($'/&*#-!(&! 2&#!8+#0#!*(!0-,5#',4-#U#!(&! 0#8#!F&#!*($#--,++#*#!0,&!>(NJZ0WG'!

ASDQJLDQB!#0)*)F0#*#!0,&!/0)*,!#0C70,!;!5(*)#&'(!+,$!*#',$!($8(0'-,$0:8)0,$ !A>5M,2-'IaB!*(+!0,582($',!

#)$+#*,D!

P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV

%'



>5M,2-'IaJ'FMN-K';K6;*N2-K*V6+*-K',;4')*+,-'W;N54Q<+*-'M+K4M,-',;'!2()*+,-#%#((IJ'H;<XT'I99=:

'xI.>'(66P:''xI.>'(66P:' x'Ii'(66P:'x'Ii'(66P:'

H-K+*+V< C;V2+*M'I "36;2+P;<NM4 C;V2+*M'I "36;2+P;<NM4

L L`D\ 1.85 (m) KD`L

\ S`DK SqDq 3.45 (t, J \ 7.2 Hz) \DqY

Q QQDc 0.82 (m) 

q K`D` a : 1.56 (m) ; b : 1.38 (m) 

S \XD` a : 1.45 (m) ; b : 1.38 (m) 

` XKDK XKDL RRRR RRRR

c QYDc 1.38 (m) KD\`

KK LKDL a : 1.43 (m) ; b : 1.21 (m) 

KL LqDK a : 1.21 (m) ; b : 1.94 (m) KDcq

K\ \`Dq 2.74 (m) LDSQ

KX XLDc XKDcL RRRRRRRRR RRRRRRR

KQ \YD\ LcDS a : 1.26 (m) ; b : 1.88 (m) KD`q

Kq \LDc \KDX a : 1.55 (m) ; b : 2.63 (m) LDqS

KS QqDq QQDK RRRRRRRRR RRRRRRRRR

K` XcD` XcDX 1.77 (t, J \ 11.5 Hz) KDS`

Kc XSD` X`D\ 3.52 (m) \DXS

P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV
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'xI.>'(66P:''xI.>'(66P:' x'Ii'(66P:'x'Ii'(66P:'

H-K+*+V< C;V2+*M'I "36;2+P;<NM4 C;V2+*M'I "36;2+P;<NM4

LY KQKD\ KXcDK RRRRRR RRRRRRRRR

L\ L`Dq 1.22 (s) KDLQ

LX KqD\ 1.00 (s) KDK

LQ KqDX 0.83 (s) YD`Q

Lq KqDX 1.06 (s) KDY\

LS KXDc 1.07 (s) KDY`

L` KS`D` KSSDS RRRRRRRRR RRRRRRRRR

Lc KYcDc KYcDY a : 4.95 (s) ; b : 4.77 (s) 4.97; 4.80

\Y KcDQ 1.79 (s) LDLQ

^J7J'"NM6M'7J'A+-*-<L;2K+V<',;4')*+,-'W;N54Q<+*-

' O2($',! @2(! +#$ ! 1),0,&.(-$),&($! $,&! -(#00),&($! @2%5)0#$! 0#'#+)E#*#$! 8,-! 0C+2+#$?! ,-4#&(+,$!

0(+2+#-($!,!(&E)5#$!@2(!(N3)1(&!2&#!(+(.#*#!($8(0)F0)*#*!;n,!$(+(07.)*#*!1#H,!0,&*)0),&($!$2#.($!*(!

-(#00):&!A=$3)4(?!LYYQB?!($'#$!5(',*,+,4%#$ !82(*(&!$(-!27+)E#*#$!8#-#!++(.#-! #!0#1,! +#!5,*)F0#0):&!*(!

$2$'-#',$!0,58+(H,$?!'(&)(&*,!(+!4-#&!8,'(&0)#+!*(!8,*(-!4(&(-#-!&2(.,$!0,582($',$ !,!8-,*20)-!+,$!;#!

0,&,0)*,$!*(!2&#! 9,-5#!5/$! (F0)(&'(! Ao)-)?! LYYKBD! "#!5,*)F0#0):&! ($'-20'2-#+! A($8(0%F0#5(&'(! +#$!

8,$)0),&($!PR\! ;! PRL`B! *(+!/0)*,!1('2+%&)0,! A\\YB! ($'# !#58+)#5(&'(!)&9,-5#*,!(&! +# !+)'(-#'2-#!;! 4-#&!

8#-'(! *(! (++,$ ! $,&! (+! -($2+'#*,! *(! 2&! ($92(-E,! 8,-! ,1'(&(-! *(-).#*,$! @2(! ,9-(E0#&! 8-,8)(*#*($! ;!

#07.)*#*($!9#-5#0,+:4)0#$!5(H,-#*#$D!"#$!-(#00),&($!*(!($'(-)F0#0):&!$,&!2&,!*(!($',$!(H(58+,$!;#!@2(!

+,$!($'(-($!2$2#+5(&'(!$,&!5/$!$,+21+($!(&!*)$,+.(&'($!,-4/&)0,$ !@2(!+,$!/0)*,$!+)1-($!+,!@2(!0,&*20(!#!

*(-).#*,$!0,&!5(H,-($!8-,8)(*#*($!@2%5)0#$!;!9#-5#0,+:4)0#$!Ak-1#&?!LYYQBD!

P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV
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#;**+V<'DYf'A+-*MN)4+K+K',;4')*+,-'W;N54Q<+*-'

M: H2;6M2M*+V<'O5QP+*M',;';KN)<,M2;K

! k7+)E#&*,! +#$!0,&*)0),&($!*($0-)'#$!(&! +,$!"KO5;PMK' 7a! ;!7b! $(!$)&'(7E#-,&!@2)5)0#5(&'(!(+!!

#0('#',!A>DYB?!(+!,0'#&,#',! A>\B! ;!(+!C$'(-!5(7+)0,!A@\\YDDB!*(+!/0)*,!1('2+%&)0,!AG$@2(5#!\LB! 8#-# !$(-!

27+)E#*,$!0,5,!82&',!*(!-(9(-(&0)#!;!.(-)F0#-!+#!9,-5#0):&!*(!+,$!8-,*20',$ !*(-).#*,$!*(!+#$!-(#00),&($!

0#'#+)E#*#$!(&E)5/70#5(&'(D!

! "# !$%&'($)$ !*(+!�#+#',!*(+!/0)*,!1('2+%&)0,!A>D\B!&,!82*,!$(-!0,&0-('#*#!1#H,!+#$!0,&*)0),&($!*(!

-(#00):&!*($0-)'#$!#&'(-),-5(&'(D!G$!8-,1#1+(!@2(!+#!8-,8,-0):&!5,+#-!*(! #&3%*-)*,!�#+)0,!2$#*,!&,!

3#;#!$)*,!$2F0)(&'(!8#-#!++(.#-!# !0#1,!+#!-(#00):&!'#+!0,5,!+,!$24)(-(!+#!+)'(-#'2-#?!;#!@2(!*(!#02(-*,!#!

-(8,-'($ !*(!|.#$&)0# !ALYYQB?!(&!,0#$),&($!(+!#4(&'(!#0)+#&'(!&(0($)'# !($'#-!(&!(N0($,!5,+#-!*(!3#$'# !KY!

.(0($!0,&!-($8(0',!*(+!$2$'-#',!

W: !;M**+-<;K';<_+P)e*MK',;'P-,+]*M*+V<',;4')*+,-'W;N54Q<+*-

! "# !0,58#-#0):&!*(!+,$!.#+,-($!*(!!c!*(!+,$!0,582($',$!$)&'(7E#*,$!(&E)5/70#5(&'(!0,&'-#!+,$!

,1'(&)*,$!*(!+,$!($'/&*#-($!@2%5)0,$!(&! +#$!8+#0#$! 0-,5#',4-/F0#$!(+2)*#$ !(&! 2&! $)$'(5#!>(NJZ0WG'!

ASDQJLDQB! 8(-5)7(-,&!,1$(-.#-!+#!9,-5#0):&!*(+!,0'#&,#',!*(+!/0)*,!1('2+%&)0,!A>\B!0,&!2&!!c! *(!YDS!#+!

27+)E#-!+#!(&E)5#!PZ"R_!(&!0+,-,9,-5,!,!1)(&!!+#!(&E)5#!GP"!(&!*),N#&,D!G&!&)&42&#!*(!+#$!,'-#$ !(&E)5#$!

(.#+2#*#$!$(!++(4,!#!,1$(-.#-!2&#!'-#&$9,-5#0):&!*(+!/0)*,!1('2+%&)0,D!Z*)0),&#+5(&'(?!$(!,1$(-.,!@2(!

#+!27+)E#-!3(N#&,! 0,5,!5(*),!*(!-(#00):&!&,! $(!++(.#-,&! #!0#1,!'-#&$9,-5#0):&! *(!+# !5#'(-)#!8-)5#D!

G$',$! -($2+'#*,$! 82(*(&! (N8+)0#-$(! 4-#0)#$! #! @2(! +#! #07.)*#*! (&E)5/70#! 3#! $)*,! 92(-'(5(&'(!

0,--(+#0),&#*#!0,&!+,$ !0#51),$ !@2(! $29-(!$2!($'-20'2-#!$(02&*#-)# !8-,.,0#*,$!8,-! +#! )&'(-#00):&! 0,&!

0)(-',$!*)$,+.(&'($!,-4/&)0,$D!O,-!(H(58+,?!$(!3# !.)$',!@2(!(+!2$,!*(!*)$,+.(&'($!0,&!2&!0,(F0)(&'(!*(!

-(8#-',! (+(.#*,! 0,5,! (+! 0+,-,9,-5,! ,! (+! *),N#&,! 8-($(&'#&! 2&#! 5#;,-! #07.)*#*! (&E)5/70#! (&!

0,58#-#0):&! 0,&! *)$,+.(&'($! 0,5,! (+! 3(N#&,! (! )&0+2$,! +#! 0,51)&#0):&! *(! (++,$! 82(*(! 9#.,-(0(-! +#!

#07.)*#*!(&E)5#70#!!Ao3#f#-)?!LYKYl!|35(+&)'$h;?!KcccBD

P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV

&)



! "# !,1'(&0):&!(&E)5/70#!*(+!C$'(-!#0('#',!*(+!/0)*,!1('2+%&)0,!A>DYB!0,&!2&!!c!*(!YD`!92(!8,$)1+(!

4-#0)#$ !# !+#!#07.)*#*!*(!+#$!(&E)5#$!PZ"R_!;!GP"!(&!8-($(&0)# !*(!2&#!5(E0+#!*(!!!'R_2W>!;!O)-)*)&#!,!(&!

*),N#&,D!"#!9,-5#0):&!*(+!8-,*20',!$(!0,5(&E:!#!,1$(-.#-!*(&'-,!*(!+#$!8-)5(-#$!X`!3,-#$!*(!-(#00):&?!

$)&!(51#-4,!($!3#$'#!+,$!Q!*%#$!02#&*,!$(!0,5)(&E#!#!,1$(-.#-!2&#!5(H,-%#!(&!+# !8-,*200):&!*(!($'(!

*(-).#*,D! Z! 8($#-! *(! @2(! +#$! 1#$($!,-4/&)0#$! 0,5,! +#!8)-)*)&# !82(*(&!5(H,-#-! $)4&)F0#7.#5(&'(! +#!

#07.)*#*! 0#'#+%70#! *(! +#$!(&E)5#$! ! 02#&*,! $(! ++(.#&! #! 0#1,! -(#00),&($ !*(! #0)+#0):&! 0,&! #&3%*-)*,$!

Ao3#f#-)?!LYKYB?!+#!8-($(&0)# !*(!8)-)*)&#!(&!(+!5(*),!*(!-(#00):&!&,!8#-(0(!3#1(-!9#.,-(0)*,!+#!#07.)*#*!

(&E)5#70#!*(!!+#!-(#00):&!82($!+#!9,-5#0):&!*(+!8-,*20',!$(!++(.,!# !0#1,!*(!9,-5#!52;!+(&'#D!j2)E/$!(+!

#4(&'(! #0)+#&'(! ! $(! (&0,&'-#1#! (&! 2&#! 8-,8,-0):&! (+(.#*#! 0,&! -($8(0',! #+! $2$'-#',! ;! $)! 1)(&! +#$!

-(#00),&($!*(! #0)+#0):&! 82(*(&!5(H,-#-!$2$ !-(&*)5)(&',$!0,&!(+!2$,!*(! 0,&0(&'-#0),&($ !(+(.#*#$!*(!

#+42&,!*(!+,$!-(#0'#&'($?!'#51)C&!8,*-%#!*#-$(!(+!0#$,!0,&'-#-),!*(1)*,!#!@2(!0,&!(+!(N0($,!*(!#+42&,!

*(!(++,$?!+#!.)$0,$)*#*!*(!+#!9#$(!+%@2)*# !@2(!-,*(#!+#!(&E)5#!$(!)&0-(5(&'#!++(.#&*,$(!#!0#1,!2&#!5(E0+#!

)&#*(02#*#!*(!+,$!-(#07.,$!Ao3#f#-)?!LYKYBD!!!!

! O#-#! +#! ,1'(&0):&! (&E)5/70#! *(+! �#+#',! *(+! /0)*,! 1('2+%&)0,! A>D\B?! &)&42&#! *(! +#$! (&E)5#$!

(.#+2#*#$!++(.,!#!0#1,!'-#&$9,-5#0),&($!.)$)1+($!8,-!PP^!1#H,! +#$!0,&*)0),&($!(&! +#$!@2(!$(!++(.#-,&!#!

0#1,D!k&,!*(!+,$!#-425(&',$ !@2(!82*)(-#!(N8+)0#-!($'(!-($2+'#*,!($!@2(!(+!#&3%*-)*,!�#+)0,!27+)E#*,!(&!

(+(.#*#$! 0,&0(&'-#0),&($! 82(*(! ++(4#-! #! #0'2#-! 0,5,! )&3)1)*,-! 0,58(77.,! ;n,! 8-,.,0#-! +#!

*($#07.#0):&! *(! +# ! (&E)5#! #+! *)$,+.(-$(! ($'(! (&! +#! 9#$(! 5)0-,R#02,$#! #+ ! -(*(*,-! *(! +#! (&E)5#!

5,*)F0#&*,! $2! 8>! ;! 8,-! 0,&$)42)(&'(! 2&! 0#51),! ($'-20'2-#+! *(! +#! (&E)5#D! Z*)0),&#+5(&'(?! $(! 3#!

-(8,-'#*,!@2(!(+!2$,!*(!0#&7*#*($ !5#;,-($ !#!KYY!54!*(!(&E)5#!$(!82(*(!8-,.,0#-!2&!*($0(&$,!(&!(+!

-(&*)5)(&',!*(!+#!-(#00):&!*(1)*#!#!2&!(9(0',!+)5)'#&'(!*(+!$2$'-#',!Ao3#f#-)?!LYKYBD

! "# !,1'(&0):&!*(+!C$'(-!*(0%+)0,!*(+!/0)*,!1('2+%&)0,!A>\DB! 5(*)#&'(!+#!($'(-)F0#0):&!*)-(0'#!*(+!

4-28,!0#-1,N%+)0,!(&!PRL`!*(+!/0)*,!1('2+%&)0,!A\\YB!,!5(*)#&'(!+#!'-#&$($'(-)F0#0):&!*(+!C$'(-!5(]+)0,!

*(+!/0)*,!1('2+%&)0,!A@\\YDDB!($!8,$)1+(!(&!#51,$!0#$,$!0,&!#;2*#!*(!+#$ !(&E)5#$!PZ"R_?!GP"!;!Z-G$'D!!",$!

-($2+'#*,$!*(-).#*,$!*(!+,$!8-,0($,$!1),0#'#+%70,$!(.#+2#*,$!(&!($'(!'-#1#H,?!-($#+'#&!(+!4-#&!8,'(&0)#+!

@2(! ($'#$ ! (&E)5#$! 8,$((&! 8#-#! ++(.#-! # ! 0#1,! 5,*)F0#0),&($! ($'-20'2-#+($ ! #! +#!5,+C02+#! *(+! /0)*,!

1('2+%&)0,D!Z*)0),&#+5(&'(?!
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#;**+V<'Yf'A+-N2M<Kc-2PM*+V<',;4')*+,-'W;N54Q<+*-

! G+! >5M,2-' Ib! 52($'-#! +#$! 0,&*)0),&($! 1#H,! +#$ ! 02#+($! $(! ++(.#-,&! # ! 0#1,! +,$ ! 8-,0($,$! *(!

1),'-#&$9,-5#0):&!*(+!/0)*,!1('2+%&)0,!A\\YB! 02;#!0,&0(&'-#0):&!(&! +,$!5(*),$!*(!-(#00):&!92(!*(!YDK!

54n5"D!",$!(N8(-)5(&',$!*,&*(!$(!82*)(-,&!*('(0'#-!0#51),$!#8-(0)#1+($!8,-!PP^!$(!5#-0#-,&!0,&!2&!

#$'(-)$0,!A�BD!G$'#$!-(#00),&($!82(*(&!$)4&)F0#-!@2(!1#H,!+#$ !0,&*)0),&($!)&*)0#*#$?!+,$!02+7.,$!0(+2+#-($!

27+)E#*,$!52($'-#&!#07.)*#*!(&E)5/70#!0#8#E!*(!5,*)F0#-!(+!5(*),!*(!-(#00):&?!;#!$(#!8,-!(+!0#51),!

($'-20'2-#+! *(+! /0)*,! 1('2+%&)0,! A\\YB! ,! 8,-! +#! 8-,*200):&! *(! #+46&! 5('#1,+)',! -(+#0),&#*,! 0,&! (+!

5('#1,+)$5,!*(!+#$!0C+2+#$!(58+(#*#$D!

>5M,2-'Ib'"<KMB-K',;'W+-N2M<Kc-2PM*+V<',;4')*+,-'W;N54Q<+*-

>`454MK "KNM,-
>;6M

(PX:
%;,+-

>-<,+*+-<;K

K

[(8,$,

"),F+)E#*#$
KYY!ALQB _2f(-Jr)$,+.(&'(��
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R

L
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!AQYJQY!;!qYJXYB

L`R\Y!!
SLRKLY!3-$

!AKLYRKQY!-D8D5DB

R

X
[(8,$, "),F+)E#*#$

KYY!AKYYB
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Q
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KYY!nXYLn!XqYn!\KKLn!XY\Y _2f(-JZ0WG'!AcQJQB

L`R\Y!!
SLRKLY!3-$

!AKLYRKQY!-D8D5DB
R

q

[(8,$, "),F+)E#*#$
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R

S
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!AKLYRKQY!-D8D5DB

R

c

[(8,$,
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SLRKLY!3-$
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R

KY!
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P-(0)5)(&',
"),F+)E#*#$

KRXnKYY!nXYLn!XqYn!\KKLn!
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M)58+(JZ0(',&#!
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KRXnKYY!nXYLn!XqYn!\KKLn!

XY\Y
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\Y!!
!q!*%#$

!AKQYRLYY!-D8D5DB
� !K
\KKL

KL

P-(0)5)(&',
"),F+)E#*#$

K!n!\KKL

Or_JZ0(',&#!AccJKB

\Y!!
!q!*%#$

!AKQYRLYY!-D8D5DB

�AwQB

�!Z8#-(&'(!#07.)*#*!(&E)5/70#�!Z8#-(&'(!#07.)*#*!(&E)5/70#�!Z8#-(&'(!#07.)*#*!(&E)5/70# ��r)$,+.(&'(!AG'#&,+!,!Z0(',&#B��r)$,+.(&'(!AG'#&,+!,!Z0(',&#B��r)$,+.(&'(!AG'#&,+!,!Z0(',&#B

���!I,!$(!*($#--,++:!5)0(+),���!I,!$(!*($#--,++:!5)0(+),���!I,!$(!*($#--,++:!5)0(+),
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! P,5,! 8-)5(-#! ($'-#'(4)#! 8#-#! ++(.#-! # ! 0#1,! +#$! -(#00),&($! *(! 1),'-#&9,-5#0):&! *(+! /0)*,!

1('2+%&)0,!$(!27+)E:!2&! 02+7.,! *(! 0C+2+#$! +),F+)E#*#$!(&! -(8,$,! *(! +#!0(8#!&65(-,! KYY!(&!2&!5(*),!

1)9/$)0,!0,&$7'2)*,!(&!$2!5#;,-%# !8,-!2&!12f(-!*(!9,$9#',$!;!(+!*)$,+.(&'(!,-4/&)0,?!$)&!(51#-4,!&,!$(!

,1$(-.,!#+!5(&,$!8,-!PP^! @2(!(N)$7(-#!2&#!'-#&$9,-5#0):&!*(+!/0)*,!1('2+%&)0,D!G$',! 8-,1#1+(5(&'(!

($'(! -(+#0),&#*,! 0,&! +,$! 8-,1+(5#$! *(! $,+21)+)*#*! @2(!8-($(&':! (+! /0)*,! 1('2+%&)0,! (&! (+!5(*),! *(!

-(#00):&D!P,&!+#!F&#+)*#*!*(!$28(-#-!($'(!)&0,&.(&)(&'(!$(!8-,1#-,&!.#-)#$!5(E0+#$!*(!2&#!*)$,+20):&!*(!

12f(-JG'W>!0,&!+#!F&#+)*#*!*(!5(H,-#-!+#!$,+21)+)*#*!*(+!$2$'-#',!;!*)$'-)12)-+,!*(!9,-5#!3,5,4C&(#!(&!

(+! 5(*),! *(! -(#00):&D! ! M)&! (51#-4,! 1#H,! *)03#$! 0,&*)0),&($?! &,! $(! ,1$(-.,! #+! 5(&,$! 8,-! PP^!

'-#&$9,-5#0):&!#+42&#!*(+!/0)*,!1('2+%&)0,D

! P,&$)*(-#&*,!@2(!+# !5#@2)&#-)# !(&E)5#70#!*(! #+42&#$!0(8#$!3#;# !$)*,!#9(0'#*#!*2-#&'(!+,$!

8-,0($,$!*(!0,&$(-.#0):&!*(!+,$!02+7.,$ !0(+2+#-($?!,!1)(&!@2(!#+42&,$!$)$'(5#$!(&E)5#70,$!$(#&!*(!78,!

(N'-#0(+2+#-!0,5,!($!(+!0#$,!*(!+,$!0)',0-,5,!OXQY!8-($(&'($ !(&!4-#&!.#-)(*#*!*(!3,&4,$!F+#5(&',$,$?!!

$(!(&$#;#-,&!-(#00),&($ !*(!1),'-#&$9,-5#0):&!27+)E#&*,!*)9(-(&'($!0(8#$ !*(!Z$8(-4)++2$!$8D!*(!02+7.,$!

0(+2+#-($!#)$+#*,$!*(!+# !0,-'(E#!*(!OD!5(N)0#&#D!0,5,!0C+2+#$!(&!0-(0)5)(&',?!0(+2+#$ !(&!-(8,$,?!'#&',!(&!

2&! 5(*),! +%@2)*,! $)58+(! 0,5,! (&! 2&! 5(*),! +%@2)*,! #+'#5(&'(! 0,58+(H,! 0,5,! +,! ($! (+! Or_D!

Z*)0),&#+5(&'(?! ! $(!8-,1#-,&!*)9(-(&'($!*)$,+.(&'($!,-4/&)0,$!,!5(*),$!*(! -(#00):&!@2(!8(-5)7(-#&!

,1$(-.#-!8,-!PP^!#+46&!0#51),!(&!+,$!5(*),$!*(!-(#00):&D!

! G&!(+!"KO5;PM'79 !$(!,1$(-.#!2&#!8+#0#!0-,5#',4-/F0#!*(!+#!-(#00):&!*(!1),'-#&$9,-5#0):&!*(+!

/0)*,!1('2+%&)0,!2$#&*,!&2(.(!0(8#$!*(!5)0-,,-4#&)$5,$!(&!0-(0)5)(&',!*(&'-,!*(!2&!5(*),!0,58+(H,!

*(!0#+*,!*(!8#8#!AOr_BD!",$!0#--)+($ !5#-0#*,$!0,&!+#!+('-#!a!*(&,'#&!+#!-(#00):&!'($74,!++(.#*#!# !0#1,?!(+!

5(*),!*(!-(#00):&!(&!#2$(&0)# !*(!$2$'-#',D!G+!0#--)+!5#-0#*,!0,&!Z_!*(&,'#!+#!-(#00):&!'($74,!++(.#*#!#!

0#1,!0,&!(+!5(*),!*(!-(#00):&?!(+!$2$'-#',!(&!#2$(&0)#!*(!5)0-,,-4#&)$5,$D!"#!0,58+(H)*#*!*(!+#!8+#0#!

*(!PP^!*(52($'-#!@2(!$(!($'/&! ++(.#&*,!# !0#1,!*).(-$,$!0#51),$!(&!(+!5(*),!*(!-(#00):&!@2(!82(*(&!

$(-!*(1)*,$!# !+# !'-#&$9,-5#0):&!*(+!$2$'-#',!5(*)#&'(!#+46&!78,!*(!-(#00):&!5(*)#*# !8,-!+,$!$)$'(5#$!

(&E)5#70,$! 8-($(&'($! (&! +#$! 0(8#$! 27+)E#*#$! ,! 1)(&! @2(! $(! *(1#&! #! +# ! 1),$%&'($)$! *(! 0,582($',$!

-(+#0),&#*,$ !0,&!(+!5('#1,+)$5,!0(+2+#-!*(!+,$!02+7.,$!27+)E#*,$!,!(&!$2!*(9(0',?!@2(!$(#&!0,582($',$!

8-($(&'($! (&! (+! 5(*),! *(! -(#00):&D! a#51)C&! $(! ,1$(-.#&! 0,582($',$! '#&',! *(! 1#H#! 0,5,! *(! #+'#!

8,+#-)*#*!-($8(0',! *(+!/0)*,!1('2+%&)0,D![(0,-*#&*,!@2(! +,$!$)$'(5#$!0)',0-,5,!8XQY! $,&!0#8#0($!*(!

++(.#-!#!0#1,!2&#!4-#&!0#&7*#*!*(!-(#00),&($!*(!,N)*#0):&?!($ !*(!$28,&(-!@2(!+#$!1#&*#$!8,-!*(1#H,!*(+!

/0)*,!1('2+%&)0,!82(*#&!$(-!8-,*20',$!*(-).#*,$!*(!$2!,N)*#0):&!0,5,!8,-!(H(58+,!+#!)&'-,*200):&!*(!

4-28,$!3)*-,N)+,$ !(&!8,$)0),&($ !&,!#07.#*#$!*(! +#!5,+C02+#!,! 1)(&! +#!)&'-,*200):&!*(!4-28,$!8,+#-($!

0,5,!(+!8)-,9,$9#',?!5)(&'-#$ !@2(!+#$!1#&*#$!8,-!(&0)5#!*(!($'(!82(*#&!$(-!8-,*20',$!*(!($'(-)F0#0):&!

*(+!/0)*,!1('2+%&)0,!0,5,!8,-!(H(58+,!+#!)&'-,*200):&!*(!4-28,$!#+@2)+)0,$!*(!0#*(&#!5(*)#!,!+#-4#!(&!

+#$!8,$)0),&($!PR\!;! PRL`! ,! 1)(&! +#! -28'2-#!*(+!($@2(+(',!3)*-,0#-1,&#*,! 4(&(-#&*,! +#!8-($(&0)#!*(!

0#*(&#$!#+@2)+)0#$!*(&'-,!*(!+#!5,+C02+#?!+#!)&'-,*200):&!*(!4-28,$!5(7+,$D!
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"KO5;PM'79'A+-N2M<Kc-2PM*+V<',;4')*+,-'W;N54Q<+*-'*-<'*`454MK';<'*2;*+P+;<N-

! k&#!.(E!,1'(&)*,$!($',$!-($2+'#*,$!0,&!0(+2+#$!(&!0-(0)5)(&',!(&!2&!5(*),!0,58+(H,!*(!Or_?!$(!

*(0)*):!-(8(7-!0)&0,!.(0($!+#!-(#00):&!*(!'-#&$9,-5#0):&!27+)E#&*,!+#$!0(8#$!0,&!0+#.(!&65(-,!K!;!\KKL!

A"KO5;PM'.8BD!P,5,!(-#!*(!($8(-#-$(?!$(!(&0,&'-:!@2(!*)03,!0,58,-'#5)(&',!(-#!-(8-,*20)1+(!+,!@2(!

$)4&)F0#!@2(!(+!0,58,-'#5)(&',!,1$(-.#*,!(&!(+!"KO5;PM'79! &,!($!2&!(.(&',! $20(*)*,! #+! #E#-?! ($',!

3#0(! 8(&$#-! (&! +# ! &(0($)*#*! *(! #)$+#-! (! )*(&7F0#-! +,$! 8-,*20',$! *(-).#*,$! *(! *)03,! 8-,0($,!

1),'(0&,+:4)0,D! Z*)0),&#+5(&'(?! $2! -(8-,*20)1)+)*#*! 8,&(! *(!5#&)F($',! @2(! (&! 2&! 92'2-,! $(! 82(*#!

,1'(&(-!#+46&!0,582($',!*(!8#-702+#-!)&'(-C$!D

U+X52M'.8'A+-N2M<Kc-2PM*+V<'*-<'*;454MK';<'*2;*+P+;<N-',;'*;6M'I'B'*;6M'.II7

! [($2+'#! (.)*(&'(! @2(! (&! 2&#! 1),'-#&$9,-5#0):&! (N)$'(! 2&#! 4-#&! 0#&7*#*! *(! 9#0',-($!!

)&.,+20-#*,$?!0,5,!+#!8(-5(#1)+)*#*!*(!+,$!$2$'-#',$!# !'-#.C$!*(!+#!5(51-#&#!A"(:&?!Kcc`B?!-(#00),&($!

$(02&*#-)#$ !*(!*(4-#*#0):&!*(!8-,*20',$?!+# !#0252+#0):&!*(!$21!8-,*20',$!9,-5#*,$?! +,$!(9(0',$!*(+!

*)$,+.(&'(!27+)E#*,?! +#!$,+21)+)*#*!*(+!$2$'-#',!('0D?!8,-! +,!@2(!$(-/!&(0($#-),!0,&7&2#-!(.#+2#&*,!+,$!

8-,0($,$!*(!1),'-#&$9,-5#0):&!*(+!/0)*,!1('2+%&)0,D!

T  460    T  100   T  402   T  4030  T 3112 ABX T  1       T    2     T    3      T     4 

Posibles 

productos de 

oxidación

  T     Cepa 1           AB  T       Cepa 3112            

Posibles productos de 

oxidación
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>?HDC$@E'a
>E&>@$#DE&"#'

RM(! )*(&7F0,!+#!8-($(&0)#!*(+!/0)*,!1('2+%&)0,!(&!02#'-,!($8(0)($!*(!/-1,+($ !#58+)#5(&'(!*)$'-)12)*#$!

(&!VCN)0,!AG0#+,%&'(&5;*,:(B,T&,;#)4#0('$90#-,R&#:(."%&'(#-&),%#$#(9(!"#$#%&'()*+,-#%#BD

RM(! *('(-5)&,! @2(! +#!0,-'(E#!*(!!"#$#%&'()*+,-#%#( 0,&7(&(!(+! 8,-0(&'#H(!*(! /0)*,!1('2+%&)0,! 5#$!

(+(.#*,!!ALDSTB!-($8(0',!*(!+#$!,'-#$!'-($!($8(0)($!#&#+)E#*#$!8,-!>O"PD

RZ*)0),&#+5(&'(!$(!*('(-5)&,!@2(!(+!/0)*,!1('2+%&)0,!$(!(&02(&'-#!(&!5#;,-!0#&7*#*!(&!+# !0,-'(E#!*(!

+,$!#-1,+($!#&#+)E#*,$!8,-!>O"P!@2(!(&!02#+@2)(-!,'-#!*(!$2$!8#-'($D

RM(! ,1'2.)(-,&!LLD\S! 4-#5,$!*(! /0)*,! 1('2+%&)0,! 82-,$! #!8#-7-! *(! +#!0,-'(E#!*(!!"#$#%&'( )*+,-#%#!

(N'-#%*#!8,-!5#0(-#0):&!0,&!#0('#',!*(!(7+,!;!/0)*,!#0C70,D

RM(!+,4-,!0,--,1,-#-!'#&',! +#!)*(&7*#*!0,5,!+#!82-(E#!*(+!/0)*,!1('2+%&)0,!(N'-#%*,!*(!OD!5(N)0#&#!8,-!

'C0&)0#$!($8(0'-,$0,8)0#$D

R"#!PP^!8#-(0(!)&*)0#-!@2(!+,$!02+7.,$!0(+2+#-($!(.#+2#*,$!$(!(&02(&'-#&!0#'#+)E#&*,!2&#!4-#&!0#&7*#*!

*(! -(#00),&($!@2(! 8,*-%#&! ++(.#-! #! 2&#!5#;,-! *).(-$)*#*! ($'-20'2-#+!*(+! /0)*,! 1('2+%&)0,?! +,! 02#+! ($!

)&'(-($#&'(! 82($! (&! 2&! 92'2-,! ($',! 8,*-%#! 27+)E#-$(! 8#-#! (+! *($#--,++,! *(! 0,582($',$! *(! )&'(-C$!

9#-5#0,+:4)0,

RM(!+,4-#-,&!-(8-,*20)-!+#$!-(#00),&($!*(!1),'-#&$9,-5#0):&!*(+!/0)*,!1('2+%&)0,!27+)E#&*,!+#$ !0(8#$!K!;!

\KKL!0-(0)(&*,!(&!2&!5(*),!0,58+(H,!*(!Or_

RM(!$)&'(7E#-,&!.%#!(&E)5/70# !(+!,0'#&,#',?!(+!#0('#',!;!(+!C$'(-!5(]+)0,!*(+!/0)*,!1('2+%&)0,!(&!5(*),$!

&,!#02,$,$!
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! G&! 4(&(-#+?! +#! PP^! 3#! -($2+'#*,! $(-! 2&! 5C',*,! (F0)(&'(! 8#-#! (+! 5,&)',-(,! *(! +#$!

'-#&$9,-5#0),&($?!#2&@2(!$(-%#!0,&.(&)(&'(!0,58+(5(&'#-+#!0,&!(+!2$,!*(!5(',*,+,4%#$!#&#+%70#$!5/$!

$(&$)1+($!0,5,!>O"P!,!PoRGV! @2(!8(-5)'#&!*(!)42#+! 9,-5#! +#! )*(&7F0#0):&!;! 0#-#0'(-)E#0):&! *(!+,$!

8-,*20',$!-($2+'#&'($!*(!+#!-(#00):&

! Z$%!5)$5,!-($2+'#-%#!)&'(-($#&'(!-(02--)-!#+!*($#--,++,!*(!2&!*)$(s,!(N8(-)5(&'#+!A'#+!0,5,!(&!(+!

0#$,!*(!+,$!($'2*),$ !*(!$28(-F0)(!*(!-($82($'#!*($0-)',$!(&!+#!+)'(-#'2-#B!@2(!8(-5)7(-#!-(+#0),&#-!+#$!

*)9(-(&'($! .#-)#1+($! @2(! #9(0'#&! +#! (F0)(&0)# ! *(! +#! -(#00):&! A'(58(-#'2-#?! *)$,+.(&'(?! -(+#0):&!

(&E)5#J$2$'-#',?!#07.)*#*!#02,$#?!('0DB!;!*(!($'#!9,-5#!0,&,0(-!+,$!8#-/5('-,$!:875,$!*(!+#!5)$5#D!

! G$! *(! 0,&$)*(-#1+(! )&'(-C$! 12$0#-! (+!*($#--,++,! *(!5(',*,+,4%#$!@2(! 8(-5)'#&! (&! 2&! 92'2-,!

$(&'#-!+#$!1#$($ !*(!2&!8-,0($,!*(!,1'(&0):&!*(!2&!0,582($',!*(-).#*,!*(+!/0)*,!1('2+%&)0,!*(!)&'(-C$!

(0,&:5)0,?!9#-5#0,+:4)0,!,!@2%5)0,D

!

! G$'#1+(0(-! +#!)*(&7*#*!*(!+#$!0(8#$!#)$+#*#$!*(!+# !0,-'(E#!*(!!2()*+,-#%#!-($8,&$#1+($!*(!+,$!

0#51),$!,1$(-.#*,$!8,-!PP D̂
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� Z1(! D̂l! {#5#203)!aDl!I#4#,! aDl! |)&H,! pDl! Wh#1(!>Dl>)4,! >Dl! Zh#3#&(!>D!k-$,+)0!#0)*!#$!# !';8#&,0)*#+!
0,&$7'2(&'!)&!-,$(5#-;D!%&'(!")*+,-!"%.((!!7887?!/0?!KX`QRKX`SD

� Z1;$3(.! ZD~Dl!Z4#(.!GDVDl!o2$()&,.!ZD_D!M'2*)($!,9! '3(!P3(5)0#+!P,58,$)7,&!,9!_)-03!_#-h!GN'-#0'$!
AF70$*+(4*$&"#B!9-,5!'3(!3*$&"#-*#*!^#5)+;?!)*+,-!"1*2-!"3!!788Z'45!A`B?!LLRLqD

!
� Zh)3)$#!aDl!a#h#5)&(!{Dl!{,$3)E25)!|Dl!a,h2*#!>Dl!|)52-#!{Dl!kh);#!VDl!I#h#3#-#!aDl!{,h,03) !aDl!=03))$3)!GDl!
I)$3)&,! >D! V)0-,1)#+! a-#&$9,-5#7,&$! ,9! ad,! "28#&(Ra;8(! a-)'(-8(&($! #&*! Z&7Ra25,-RO-,5,7&4!
Gf(0'$!,9!'3(!a-#&$9,-5#7,&!O-,*20'$D!3!"6+7!"),'8!!7887!90?!LS`RL`LD

!!
� Z&)$3#3?! _D=D! O-(8#-#7,&! ,9! 1('2+)&)0! #0)*! *(-).#7.($! )&! ,-4#&)0! $,+.(&'$D! V#$'(-! M0)(&0(! a3($)$?!!
k&).(-$)7!O2'-#!V#+#;$)#?!M03,,+!,9!o-#*2#'(!M'2*)($?!V#+#;$)#?!LYYXD

� Z&'3,&$(&!aD?![(#07,&$!P#'#+;$(*!1;!G&E;5($!G&!:;;(&28"<&'=+7+($>&>l!M(0,&*!G*)7,&l!M'-##'3,9!ZDpDpD?!
Z*+(-0-(2'E!Ol!>#-*d,,*!Z0#*(5)0!O21+)$3(-$?!I('3(-+#&*$?!LYYQl!88D!K`RqKD

� Z;#+#?! <D?! PC+2+#$ ! <(4('#+($! (&! _),'-#&$9,-5#0),&($J! a#5)E#*,! *(! +#! -(#00):&! *(! ,N)*#0):&! *(!
(24(&,+($n/0)*,$!3)*-,N)0)&/5)0,$!;!*)5(-)E#0):&!,N)*#7.#!*(+!(24(&,+!0,&!02+7.,$!*(!&2(.(!8+#&'#$D!
a($)$!*(!")0(&0)#'2-#?!k&).(-$)*#*!I#0),&#+!Z2':&,5#!*(!VCN)0,?!^#02+'#*!*(!j2%5)0#?!VCN)0,?!LYY`D

� Z)h(&!P3-)$',83(-!#&*!P3(&!P3)&!>,D?!_('2+)&)0!Z0)*!r(-).#7.($!#$!>=<RK!Z&7.)-#+$?!a,2?8>"@'(!"@28D'
788a?!55!AKB?!\KR\qD

� Z$3#!MD!#&*!<)*;#.#'3)!VD!P2&&)&43#5(++#R!Z!V)0-,1)#+!V,*(+!9,-!r-24!V('#1,+)$5!M'2*)($R!Z![(.)(d!
%&'72=*?'(!":8A!'7889?!/B!AKB?!KqRLc

� Z;#$3) >D! >Dl! k#&4! OD! >Dl! Zh#*#! MD! aDl! _)&#'#! VD! WDl! I,2(! |D! =D! r)f(-(&7#+! GN8-($$),&! ,9! a3-((!
WN)*,$@2#+(&(!P;0+#$(!5[IZ$!)&!o+;0;--3)E#!4+#1-#!%&'(!")*+,-!"%.((!!788^?!/B!ASB!KY`qRKYcLD

!
� ZE(-#*! [D! [(4),R! #&*! M'(-(,$(+(07.(! V)0-,1)#+! >;*-,N;+#7,&! ,9! a(-8(&,)*! P,58,2&*$D! G&!
C72,2'>2(2=DA2"%&'=+7+($>&>l!!O#'(+![DID?!G*D!V#-0(+!r(hh(-l!I(d!{,-hR_#$(+?!LYYYl!88!c\LD

� _#4+)&!=Dl!5)'#)&(RWf(-!ZDRPDl!I,2-!VDl!a#&!|Dl!P#.C!PDl!"#0#)++(Rr21,)$!VDRZD! !Z![(.)(d!,9!I#'2-#+ !#&*!
V,*)F(*! _('2+)&)0?! k-$,+)0! #&*! G03)&,0;$70! Z0)*! r(-).#7.($! #$! O,'(&7#+! Z&7'25,-! #&*! Z&7R>=<!
Z4(&'$?!@&?&"E2A&2F>"&?"@28!"1*2-!!788.?!G?!QLQRQ\cD

� _#+7&#!"DZDl!^+(hh3'(-!WD_Dl!I)45#'2++)&#!"D[Dl! _,-(h,!GD=Dl!O#.+,.# !ID=Dl!I)h,+#(.#!MDIDl!M#.)&,.#!WD<Dl!
a,+$7h,.!oDZD! "28#&(!a-)'(-8(&($!#&*!r(-).#7.($!d)'3!Z&7.)-#+!Z07.)';D!%&'',H!"I"@28!"1*2-!"J2K!!
788.?!5G?!\QXcR\QQLD

� _#-! D̂VDl! |3#&9#-!VDZDl! G+&#4#-! ZD{Dl! ")2!>Jl! ~#43+,2+! ZDVDl! _#*-)#! D̂ZDl! M;+.($'(-! ODgDl! Z35#*!|D D̂l!
[#)$03!|DODl! G+! M#;(*! |DZD! [#7,&#+!r($)4&! #&*! M(5)$;&'3($)$ !,9! _('2+)&)0! Z0)*! Z&#+,42($!#$!O,'(&'!
a,8,)$,5(-#$(!=&3)1)',-$D!!3!"6+7!"),'8D!7889?!B/?!KqX\RKqQYD

P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV

&'

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bar%20FM%22%5BAuthor%5D
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� _#$',$!r(&)$(! ~D"Dl! O)5(&'(+! =DPDl! r(! p($2$! rDZDl! W+).)(-# !_D! >D! _),'-#&$9,-5#7,&! ,9! _('2+)&)0! #&*!
_('2+,&)0!Z0)*$!1;!^2&4)?!)*$7'=*2-&>7,$!"788ZT!q`?!`\XR`\cD

� _,3+5#&&!pD!#&*!|((+)&4!PD!=D!a(-8(&,)*!_),5#'(-)#+$?!L*2")(+?7"3'.,?+(!788=?!04?!qQqRqqcD

� _,-4($! |D! _Dl! _,-4($! gD! MDl! r2-/&RO#'-:&! [Dl! O28,! VDaDl! _,&#',! ODMDl! P,++#*,! =DoD! M'(-(,$(+(07.(!
_),'-#&$9,-5#7,&$!k$)&4!^2&4)!#$!_),0#'#+;$'$D!L27,+*28,'?M":>$--27,$!7889?!/N!AXB?!\`QR\cSD

� _-()'5#)(-!G1(-3#-*D!L2,;2?2>#"O(+A',>#"O,+H,+?=2>#")*+,-+=+#")*2,'-'?2>?!M(0,&*!G*Dl!g3)+(;R<P>!
<(-+#4!o51>!�!P,J!o(-5#&;!LYYqD

!
� _2033,+E!|D!_D!#&*!O,2+$(&!OD!_D?!=&'-,*207,&!G&!:;;(&28"<&'=+7+($>&>l!M(0,&*!G*)7,&l!M'-##'3,9!ZDpDpD?!
Z*+(-0-(2'E!Ol!>#-*d,,*!Z0#*(5)0!O21+)$3(-$?!I('3(-+#&*$?!LYYQl!88D!KRKSD

!
� P#-$'(&!>DODl!>(-1(-'!oDl!V#-h2$!pDaDl!V#-h2$!>()'E5#&&D!O-,0($$!9,-!'3(!(N'-#07,&!,9!1('2+)&)0!#0)*D!
k&)'(*!M'#'($!O#'(&'!YKXcXcY!ZK?!LYYSD

� P#-.#+3,!PDPDPD[D! #&*!VDVD[D!*#!^,&$(0#D!_),'-#&$9,-5#7,&!,9! a(-8(&($D!%&'72=*?'(!":8A!!788bT'/4?!!
K\XRKXL
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*(!#+'2-#?!0#*20)9,+),!0,&!-#5#$!+)$#$!*(!0,+,-#0):&!-,H)E,?!3,H#$!,1+,&4#$!*(!S!#!K\!05!*(!+,&4)'2*D!G&!

VCN)0,!($!0,&,0)*,!0,5,!Z)+(?!+)'(?!Z+)$,l!Z1(*2+!A<(-#0-2EBl!Z)+(!A>4,D?!W#NDBl!Z+)$,!AM)&DBl!G+)'(?!O#+,!*(!

/42)+#!AW#NDB!;!$(!(&02(&'-# !*)$'-)12)*,!*(&'-,!*(+!'(--)',-),!&#0),&#+!(&!+,$!($'#*,$!*(!r2-#&4,?!M)&#+,#?!

p#+)$0,?!>)*#+4,?!M#&!"2)$ !O,',$%?!<(-#0-2E!;!r)$'-)',!^(*(-#+D!M(!5(&0),&#!@2(!($!2$#*#!(&!+# !9#1-)0#0):&!

*(! 0#H#$! 8#-#! '-#&$8,-'(! *(! 3,-'#+)E#$?! 3,-5#$! 8#-# ! E#8#',?! 8#+)++,$ ! *(! 9:$9,-,$?! (&! 0#-8)&'(-%#?!

(1#&)$'(-%#! ;!52(1+($!#$%!0,5,!8#-#!,1'(&(-! +(s#?! 0#-1:&?! #$(--%,! ;! 82+8#!8#-#!8#8(+D!"#!0,-'(E#!($!

#$'-)&4(&'(!;! -)0#!(&! '#&)&,$!8,-! +,!@2(!(&!VCN)0,!$(!2$#!0,5,!02-7(&'(?!#*(5/$?! +#!)&92$):&!@2(!$(!

,17(&(!*(!+#!0,-'(E#!$(!27+)E#!(&!5(*)0)&#!0#$(-# !(&!(&9(-5(*#*($!02'/&(#$!;!.(&C-(#$?!;!+#$!3,H#$!$,&!

2$#*#$!0,5,!0#'#8+#$5#$!8#-# !3(-)*#$!*(!8)(+?!;! +,$ !(N'-#0',$ !*(+!9-2',!8#-#!)&m#5#0):&!*(!4#-4#&'#!

APWIZ^W[!LYKYBD

CM3-<-PQM'(>E&?UE!'78I8:CM3-<-PQM'(>E&?UE!'78I8:

[()&, O+#&'#(

O3;++25 M8(-5#',83;'#

M2183;++25 V#4&,+),83;7&#

P+#$( V#4&,+),8$)*#

M210+#$( >#5#5(+)*#$

W-*(& ^#4#+($

^#5)+)# _('2+#0(#$
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! P,&,0)*,! 0,5,! 9-($&,!,!'-,8)0#+!#$3! A(&!)&4+C$B?!($!2&!/-1,+!#'-#07.,!*(! '#5#s,!5(*)#&,!#!

4-#&*(?!@2(!#+0#&E#!2&#!#+'2-#!5/N)5#!*(!\S!5D!G+!/-(#!*(!*)$'-)120):&!&#'2-#+!*(+!9-($&,!$(!(N7(&*(!

*($*(!(+!/-(#!0(&'-#+ !,00)*(&'#+!*(!VCN)0,!#!'-#.C$!*(!o2#'(5#+#D!z-1,+!8(-(&&)9,+),!,!0#*20)9,+),!@2(!

$(!*)$'-)12;(!*($*(! M)&#+,#!;! r2-#&4,! 3#$'#!<(-#0-2E! ;!P3)#8#$! APWIZ^W[!LYKYBD! "# !($8(0)(!3#!$)*,!

)&'-,*20)*#!0,&!8-,8:$)',$!9,-($'#+($!(&!>#d#))?!O2(-',![)0,!;!+# !=&*)#D!M(!3#!8+#&'#*,!'#51)C&!0,5,!2&!

/-1,+!*(!$,51-#!(&!P,$'# ![)0# !;!(&!/-(#$!$21'-,8)0#+($!*(!+,$!G$'#*,$!k&)*,$D!G&!VCN)0,?! +#!Z5C-)0#!

P(&'-#+!;!(+!$2-,($'(!*(!+,$!G$'#*,$!k&)*,$?!(+!9-($&,!($!8,82+#-!0,5,!2&!/-1,+!*(!$,51-#!(&!+#$!0#++($?!

8#-@2($!;!8#7,$D!M(!5(&0),&#!@2(!+# !5#*(-#!($!52;!$)5)+#-!# !+#!*(+!9-($&,!1+#&0,!A^-#N)&2$!#5(-)0#&#BD!

M2!0,+,-! .#-%# !*(!-21),!# !2&! 0,+,-!0#$'#s,!8/+)*,?! 0,&! 8,-,$!4-#&*($!;!2&#!F1-#!-(0'#D! "#!5#*(-# !*(!

9-($&,! $(! 27+)E#! 8-)&0)8#+5(&'(! 8#-#! 1#'($ ! *(! 1C)$1,+?! -#@2('#$ ! *(! '(&)$?! #-'($#&%#$?! 2'(&$)+),$! *(!

0,0#)&#?!52(1+($!;!5,+*2-#$D!"#!5#*(-#!$(!-(0,5)(&*#!'#51)C&!8#-#!+#!0,&$'-200):&?!8)$,$?!82&'#+($!*(!

5)&#?!3,-5#$!8#-#!E#8#',$!;!03#8#!A^-#&0)$!KccYBD!

F+KN2+W5*+V<'X;-X2)]*M',;4'X;<;2-'G0#+,%&''(U2M<*+K'I998:

Taxonomía (CONAFOR 2010)Taxonomía (CONAFOR 2010)

Reino Plantae

Phyllum Spermatophyta

Subphyllum Magnoliophytina

Clase Magnoliopsida

Subclase Asteridas

Orden Gencianales

Familia Oleaceas
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! "#$!+)8#$#$ !A'-)#0)+4+)0(-,+!3)*-,+#$#$B! $,&!(&E)5#$!@2(!0#'#+)E#&! +#!3)*-:+)$)$ !*(!#0()'($!;! 4-#$#$!

0,&! +#! $21$)42)(&'(! 9,-5#0):&! *(! /0)*,$! 4-#$,$! +)1-($?! *)4+)0(-,+($?! 5,&,4+)0(-,+($! ;! 4+)0(-,+D! G$',$!

1),0#'#+)E#*,-($!$(!*)$'-)12;(&!(&! #&)5#+($?! 8+#&'#$!;! 5)0-,,-4#&)$5,$!0,5,!(&E)5#$!*)4($7.#$ !@2(!

9#0)+)'#&!(+!'-#&$8,-'(?!+# !*(8,$)0):&!;!5,.)+)E#0):&!*(!+#$ !4-#$#$D!Z*(5/$?!H2(4#&!2&!8#8(+!92&*#5(&'#+!

(&!(+!5('#1,+)$5,!)&'-#0(+2+#-!*(!+%8)*,$!;!(&!(+!92&0),&#5)(&',!*(!5(51-#&#$!1),+:4)0#$D!O-($(&'#&!2&!

(+(.#*,! 8,'(&0)#+! $)&'C70,! (&! 0,&'-#$'(! 0,&! ,'-#$ !(&E)5#$?! ;#! @2(! &,! -(@2)(-(&! *(! 0,9#0',-! ;! $,&!

0#8#0($!*(!#0(8'#-!2&#!#58+)#!.#-)(*#*!*(!$2$'-#',$D!Z$%?!+#$!+)8#$#$!82(*(&!#0,5,*#-!C$'(-($!#+)9/70,$?!

#-,5/70,$?!1)0%0+)0,$!(!)&0+2$,!C$'(-($!*(!0,582($',$!,-4#&,5('/+)0,$!78,! $#&*d)03D!a#51)C&!$(!3#!

*($0-)',!(+!(58+(,!*(!7,C$'(-($!;!#5)&#$!#07.#*#$!0,5,!$2$'-#',$!8#-#!+#$!+)8#$#$D!!!

! k&#! 4-#&! .#-)(*#*! *(! ($',$! 1),0#'#+)E#*,-($! $,&! 8-,*20)*,$! 8,-! 1#0'(-)#$! 2! 3,&4,$! ;! $,&!

(N0-('#*#$! 0,5,! (&E)5#$! (N'-#0(+2+#-($?! 8,-! +,! @2(! $2! 8-,*200):&! #! 4-#&! ($0#+#! ($! 2&! 8-,0($,!

-(+#7.#5(&'(!$(&0)++,D!"#!5#;,-%#!*(!+#$!+)8#$#$!(N)$'(&!(&!+,$!,-4#&)$5,$!(&!9,-5#!*(!L!)$,(&E)5#$!AZ!;!

_B?! @2(! 4(&(-#+5(&'(! 8-($(&'#&! +#! 5)$5#! (&#&7,8-(9(-(&0)#?! 8(-,! 02;#$ ! +)4(-#$ ! *)9(-(&0)#$!

($'-20'2-#+($! 8-,.,0#&! .#-)#0),&($! (&! +#! (&#&7,$(+(07.)*#*! *(! +#$! -(#00),&($! @2(! 0#'#+)E#&D! "#$!

8-(8#-#0),&($!*(! +)8#$#$!0-2*#$!0,&7(&(&! +#$!L! )$,(&E)5#$?!$#+.,!(&!(+!0#$,!*(! +#! +)8#$#!*(!F#%;,;#(

#%$#0-D-#?! *,&*(! $(! 3#&! 0,&$(42)*,! $(8#-#-! #! '-#.C$! *(!8-,0($,$!*(! )&4(&)(-%#!4(&C70#D! M:+,!2&#$!

8,0#$!+)8#$#$!3#&!0,&$(42)*,!#)$+#-$(!*(!5#5%9(-,$D!

! k&#! 0#-#0'(-%$70#! 92&*#5(&'#+! *(! +#$ ! +)8#$#$?! @2(! +#$! *)9(-(&0)#! *(! ,'-#$! 3)*-,+#$#$ ! ;! +#$!

0,&.)(-'(!(&!+,$!(&E)5#$ !0,&!5#;,-!8,'(&0)#+!$)&'C70,?!($ !+#!)&'(-#00):&!@2(!8-($(&'#&!0,&!+,$!$2$'-#',$D!

Z+! 0,&'-#-),! @2(! +#$! ($'(-#$#$?! +#$! 02#+($! 52($'-#&! 2&#! 5#;,-! #07.)*#*! #!5#;,-! 0,&0(&'-#0):&! *(!

$2$'-#',!3#$'# !++(4#-!#!+#!$#'2-#0):&?!+#!0#'/+)$)$!(&!5(*),!#02,$,!0,&!+)8#$#$!8-($(&'#!52;!1#H#!#07.)*#*!

0,&! $2$'-#',$!3)*-,$,+21+($?! 8(-,! 02#&*,! +#!0,&0(&'-#0):&! *(+!$2$'-#',! ($ !'#&! #+'# !@2(! $,1-(8#$#! (+!

+%5)'(! *(! $,+21)+)*#*! 9,-5#&*,! 2&#! $(42&*#! 9#$(! +)8,U+)0#?! $(! 8-,*20(! 2&! 4-#&! )&0-(5(&',! (&! +#!

#07.)*#*!*(!+# !+)8#$#D!G$'#!8-,8)(*#*!$(!0,&,0(!0,5,!#07.#0):&!)&'(-9#0)#+D!G+ !3(03,!*(!@2(!+#$ !+)8#$#$!

*2-#&'(! +# ! 0#'/+)$)$! ($'C&! (N82($'#$! #! 2&#! 9#$(! +)8%*)0#! *(52($'-#! @2(! $,&! 0#8#0($! *(! '-#1#H#-! (&!

(&',-&,$!3)*-:9,1,$!5#&'(&)(&*,!$2!#07.)*#*D!O,-!(++,?!($!8,$)1+(!-((58+#E#-!(+!&20+(:F+,!&#'2-#+!*(!

+#$!+)8#$#$!A#42#B! 8,-! 2&#!4-#&! .#-)(*#*! *(!&20+(:F+,$ !,-4/&)0,$! 0,5,!#+0,3,+($?! #5)&#$?!#5,&)#0,?!

7,+($?!8(-:N)*,$?!3)*-#E)&#$D?!('0D

! M,&!0#8#0($ !*(!0#'#+)E#-!+#!($'(-)F0#0):&!$(+(07.#!(&'-(!/0)*,$!;!#+0,3,+($D!a#51)C&!)&'(-.)(&(&!

(&! -(#00),&($!*(!'-#&$($'(-)F0#0):&?!8-,0($,$!(&!+,$!@2(!$(!8-,*20(!2&! )&'(-0#51),!*(!-#*)0#+($!#0)+,!

(&'-(!2&!C$'(-!;!2&!/0)*,! A#0)*,+)$)$B?!2&!C$'(-!;!,'-,!C$'(-!A)&'(-($'(-)F0#0):&B!,!2&!C$'(-!;!2&!#+0,3,+!

A#+0,3:+)$)$BD!"#$!+)8#$#$!&,!($'/&!+)5)'#*#$!#!-(#00),&($!*(!$%&'($)$!(!3)*-:+)$)$ !$,1-(!C$'(-($!*(!/0)*,$!

0#-1,N%+)0,$!$)&,!@2(!'#51)C&!$,&!0#8#0($!*(!0#'#+)E#-!8-,0($,$!*(!#5)&:+)$)$!8#-#!+#!$%&'($)$!*(!#5)*#$D!
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! =&*(8(&*)(&'(5(&'(! *(! +#$! *)9(-(&0)#$ ! (&! '#5#s,?! $(02(&0)#! *(! 8C87*,$?! $2$'-#',$?!

#07.#*,-($?! )&3)1)*,-($! ;! ,'-#$!8-,8)(*#*($?! +#$! +)8#$#$ !@2(!3#&! 0,&$(42)*,! $(-! (+20)*#*#$!3#$'#! +#!

9(03#!#*,8'#&!+#!5)$5#!($'-20'2-#?!0,&,0)*#!0,5,!(+!8+)(42(!*(!xnb!3)*-,+#$#?!@2(!0,&$'#!*(!2&#!$(-)(!

*(! 3(1-#$! 8#-#+(+#$ !b! -,*(#*#$! 8,-! 3C+)0($!xD! k&#! $(02(&0)#! *(! #5)&,/0)*,$! #8#-(0(! (&! ',*#$! +#$!

+)8#$#$?!(+!8(&'#8C87*,!o+)RwRM(-R{Ro+)!A*,&*(!w!(!{!$,&!-($',$!.#-)#1+($BD!"# !0,&$(-.#0):&!*(!!($'#!$(-)&#!

;!+#!8C-*)*#!*(!#07.)*#*!@2(!$(!8-,*20(!02#&*,!$(!5,*)F0#!,!-((58+#E# !)&*)0#!@2(!($'(!#5)&,/0)*,!($!

0-20)#+!8#-#!+#!0#'/+)$)$D!Z*(5/$!*(!+#!$(-)&#!0#'#+%70#?!(+!0(&'-,!#07.,!*(!+#$ !+)8#$#$!0,&$'#!*(!3)$7*)&#!

A>)$B! ;! *(!,'-,!#5)&,/0)*,!@2(!82(*(!$(-! /0)*,!#$8/-70,!AZ$8B! ,! 4+2'/5)0,! A4"2BD!G$',$!'-($!-($)*2,$!

9,-5#&! +#! '-%#*#!0#'#+%70#?!@2(! $(!(&02(&'-#!(&!2&#!0#.)*#*!0,&,0)*# !0,5,! 32(0,!3)*-,9:1)0,!*(!+#!

(&E)5#D!!

M:'@+6MKM',;'F#%;,;#(#%$#0-D-#

! G$!2&#!*(! +#$!+)8#$#$!5/$!.(-$/7+($!(58+(#*#$!(&!(+! 0#58,! *(!+#$!1),'-#&$9,-5#0),&($D!G$'(!

1),0#'#+)E#*,-! 92(! #)$+#*,! (&! +#! Z&'/-7*#! 02#&*,! $(! (N#5)&#1#&! (&E)5#$! 0#8#0($! *(! '-#1#H#-! (&!

0,&*)0),&($!(N'-(5#$D! GN)$'(&!*,$! )$,(&E)5#$!*(!($'# !+)8#$#?!+#!9,-5#!Z! ;! +#!9,-5#!_?! @2(! 8-($(&'#&!

0)(-'#$!*)9(-(&0)#$D!"#!+)8#$#!Z!($ !*(8(&*)(&'(!*(!P#L�! ;!5#$!'(-5,($'#1+(?!5)(&'-#$!@2(!(+!0,58,&(&'(!

_!($!5(&,$!'(-5,',+(-#&'(!(!)&*(8(&*)(&'(!*(!5('#+($!8#-#!$2!#07.)*#*D!M2!($8(0)F0)*#*!*(!$2$'-#',!

8-($(&'#!4-#&*($ !*)9(-(&0)#$?!;#!@2(!+# !PZ"R_!($!52;!#07.#!9-(&'(!#!2&#!4-#&!.#-)(*#*!*(!$2$'-#',$!&,!

&#'2-#+($?!5)(&'-#$!@2(!+#!PZ"RZ!7(&(!2&#!5(&,-!.(-$#7+)*#*D!Z51,$!)$,(&E)5#$!3#&!$)*,!,1'(&)*,$!(&!

9,-5#!82-#!#!'-#.C$!*(!8-,0($,$!*(!0+,&#0):&!;!$,1-(N8-($):&!(&!.'/*01,""&'(709?#%*D!O#-#!#8+)0#0),&($!

8-(8#-#7.#$?!(+!0,58+(H,!_!3#!$)*,!5203,!5/$!27+)E#*,D!

W:'@+6MKM',;'!'*&;7)7%#'(-*/#-,#

! G$'#!+)8#$#!#+! )42#+! @2(!,'-#$!#)$+#*#$!8(-'(&(0)(&'($!#!+#$!($8(0)($ !*(!8$(2*,5,&#$?!3#!$)*,!

(58+(#*#!0,&!#+'#!$(+(07.)*#*!'#&',!(&! -(#00),&($!*(!3)*-:+)$)$! ;! #+0,3:+)$)$! *(!C$'(-($!;!#&3%*-)*,$!

0,5,! (&! 8-,0($,$!*(! '-#&$($'(-)F0#0):&!*(!#+0,3,+($D! "# !($'-20'2-#!*(!-#;,$!w! *(! $2! 0,&9,-5#0):&!

#1)(-'#!3#!$)*,!(+20)*#*#?!8-($(&'#&*,!+#!]8)0#!($'-20'2-# !*(!xnb!3)*-,+#$#D!"#!(&E)5#!($'/!9,-5#*#!8,-!

\LY!#5)&,/0)*,$!0,&!2&!8($,!5,+(02+#-!*(!\X!|r#D!M2!'-)#*#!0#'#+%70#!0,&$'# !*(!$(-)&#?!3)$7*)&# !;!/0)*,!

#$8/-70,! 5)(&'-#$! @2(! +,$! #5)&,/0)*,$! +(20)&#! ;! 4+)0)&#! 0,&'-)12;(&! *(!5#&(-#! 92&*#5(&'#+! #! +#!

0#'/+)$)$!8,-!9,-5#0):&!*(!82(&'($!*(!3)*-:4(&,!0,&!(+!)&'(-5(*),!,N)#&):&)0,D!O#-(0(!@2(!($'# !+)8#$#!

8,$((! 2&! 0(&'-,! #07.,! 5203,! 5/$! ($'-(03,! @2(! ,'-#$! +)8#$#$?! ;# ! @2(! (&! 0)(-',$! 0#$,$! 8-($(&'#!

)&0,&.(&)(&'($!8#-#!#0,5,*#-!$2$'-#',$!52;!.,+25)&,$,$!Ao,&E#+,?!LYY\BD!

P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV
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! ",$!0)',0-,5,$!8XQY!$,&!$)$'(5#$!*(!3(5,R8-,'(%&#$!@2(!52($'-#&!2&#!#1$,-0):&!]8)0#!#!XQY!

&5!@2(!$,&!0,*)F0#*#$!8,-!2&#!$68(-! 9#5)+)#!*(!4(&($!;!$(!(&02(&'-#&!*(!9,-5#!21)02#!(&!*)9(-(&'($!

,-4#&)$5,$!(&! ',*,$! +,$ !-()&,$ !A3#$'# !Kcc`!5#$!*(!XYY! $)$'(5#$!3#1%#&! $)*,! )&9,-5#*,$! #+! 0,5)'C!

)&'(-&#0),&#+! 8#-#! +# !&,5(&0+#'2-# !*(! +#$! (&E)5#$ !8XQYBD! O(-'(&(0(&! #+! 4-28,! *(!5,&,R,N)4(&#$#$!

(N'(-&#$!@2(!'-#&$F(-(&!,N%4(&,!5,+(02+#-!#!(&+#0($!PR>?!IR>!,!MR>D!

J'>4MK+]*M*+V<',;4'X256-',;';<_+PMK'*+N-*2-P-'6^a8'(iM<<;PM<<'788Z:

! "#$!-(#00),&($!@2(!++(.#&!#!0#1,!($',$!$)$'(5#$!$,&!(N'-(5#*#5(&'(!*).(-$#$!;!0,&'-)12;(&!#!+# !

'-#&$9,-5#0):&! *(! 9/-5#0,$?! #! +#! 1),0,&.(-$):&! *(! N(&,1):70,$?! #! +# !1),#07.#0):&! *(! 0#-0)&:4(&,$!

@2%5)0,$?!#!+#!1),$%&'($)$!*(!)58,-'#&'($!0,582($',$!0,5,!+,$!($'(-,)*($?!/0)*,$!4-#$,$?!()0,$#&,)*($?!

.)'#5)&#$!;!/0)*,$!1)+)#-($?!#$%!0,5,!#!+# !*(4-#*#0):&!*(!3(-1)0)*#$!(!)&$(070)*#$!;!#!+#!0,&.(-$):&!*(!

#+0#&,$?!'(-8(&,$!;!0,582($',$!#-,5/70,$D!Z!8($#-!*(!+#!4-#&!.#-)(*#*!*(!-(#00),&($!A3)*-,N)+#0),&($?!

*($#+@2)+#0),&($?!$2+9,N)*#0),&($?!(8,N)*#0),&($?!*($#5)&#0),&($?!*($2+92-#0),&($?!*($3#+,4(&#0),&($!;!

8(-,N)*#0),&($! B! @2(! ($',$! $)$'(5#$! 82(*(&! 0#'#+)E#-?! +#! (02#0):&! 4(&(-#+! *(! ',*#$! ($'#$ !-(#00),&($!

82(*(!-($25)-$(!0,5,!$)42(J! +,$!(+(0'-,&($!&(0($#-),$!8#-# !+#!)&$(-0):&!*(+!,N%4(&,!(&!(+!$2$'-#',!A[B!

$,&! ,1'(&)*,$! 8,-! 2&! $)$'(5#! *,&#*,-! *(! (+(0'-,&($ ! )&*(8(&*)(&'(D! G$',$! $)$'(5#$! *,&#*,-($! *(!

(+(0'-,&($ ! 82(*(&! $(-! 2&! 0,&H2&',! *(! *,$! 8-,'(%&#$! A#*-(&,N)&#! ;! #*-(&,*,N)&#! -(*20'#$#$B! 8#-#!

0)',0-,5,$!5)',0,&*-)#+($!,!8-,0#-),70,$!,!1)(&!2&#!$,+#!8-,'(%&#!A0)',0-,5,!8XQY!-(*20'#$#B!8#-#!+,$!

$)$'(5#$!+,0#+)E#*,$!(&!(+!-(]02+,!(&*,8+#$5/70,!A(&!$2!5#;,-%#!)*(&7F0#*,$!(&!3,&4,$B!A>#&&(5#&&?!

LYYSl!<#&!*(&!_-)&h?!Kcc`BD!

[>!�!IZrAOB>!�!>�!�WL!! ![W>!�!IZrAOB�!�!>LW

P#5#-)++,!":8(E![#6+!>,-#0),!!! !^#02+'#*!*(!j2%5)0#?!kIZV

(&


	Portada
	Índice General
	Resumen
	Introducción
	Capítulo 1. Marco Teorico
	Capítulo 2. Objetivos
	Capítulo 3. Parte Experimental
	Capítulo 4. Resultados y Discusión
	Capítulo 5. Conclusiones
	Capítulo 6. Perspectivas
	Capítulo 7. Referencias Bibliográficas
	Anexos

