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M.1!'-0 !'-8/ J/-,%'(('81.5 !>581^/-)?!,1. !8G)!M$.M1?)!1,!>1(M'./?1- !9)8U))- !

>1-F)-8/1-'%!819'>>1!?(1^).?@!)%)>8.1-/>J>/7'.)88)!$?).?!'-0 !>1-8.1%?!UG1!0)-/)0 !

)ZM1?$.)!95!G/?81.53!

V5M18G)?/?*!

WG).)!'.) !?/7-/,/>'-8 !0/,,).)->)? !/- !8G)!%)F)%?!1,!/-,%'(('81.5 !9/1('.^).? !/- !?'%/F'!

' (1-7 !>1-F)-8/1-'%!?(1^).?@!)%)>8.1-/>!>/7'.)88)!$?).?!'-0 !>1-8.1%?3!

!

!:F3/.66. '0=1I:2F ''

R8!/?!' !U)%%J)?8'9%/?G)0!,'>8!8G'8!>/7'.)88)!?(1^/-7 !/?!' !%)'0/-7!>1-8./9$81.!81!0)'8G@!

'-0 !' !>1-?/0).'9%)!-$(9). !1,!0/?)'?)? !'.1$-0 !8G)!U1.%03!!WG)!M.)??/-7!-))0 !,1. !'- !

1,,/>/'%!.)M1.8!1- !?(1^/-7 !/- !8G)!E-/8)0 !<8'8)?!U'? !?8'.8)0!/- !CDPC!95!'- !'%%/'->)!1,!

,1$. !M.1(/-)-8 !M./F'8)!G)'%8G!1.7'-/c'8/1-? *!!8G)!+()./>'- !:'->). !<1>/)85@!8G)!

+()./>'- !V)'.8 !+??1>/'8/1-@!8G)!&'8/1-'%!W$9).>$%1?/?!+??1>/'8/1-@!'-0 !8G)!

+()./>'- !K$9%/>!V)'%8G!+??1>/'8/1-3!+!%)88).@!'00.)??/-7 !M.)?/0)-8!O1G-!#3!T)--)05 !

U'? !>.)'8)0 !.)h$)?8/-7 !8G)!-))0 !,1. !' !-'8/1-'% !>1((/??/1- !1- !?(1^/-73 !+!

>1((/88)) !U'? !>.)'8)0@!95!>G11?/-7!8)- !>1((/??/1- !()(9).?@ !.)M.)?)-8/-7 !' !U/0) !

?U'8G!1,!0/?>/M%/-)?!/- !()0/>/-)@!?$.7).5@!MG'.('>1%175@!'-0 !?8'8/?8/>?3!WG)5!,/.?8!
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()8 !'8!8G)!&'8/1-'%!g/9.'.5 !1,!;)0/>/-) !1- !8G)!>'(M$? !1,!8G)!&'8/1-'%!R-?8/8$8)?!1,!

V)'%8G!/- !=)8G)?0'@!;'.5%'-0@!,.1( !&1F)(9). !CDPA!8G.1$7G!O'-$'.5 !CDPd3!b/8G!8G)!

G)%M!1,!1F). !C]B!>1-?$%8'-8?@!8G)!>1((/88)) !.)F/)U)0 !(1.) !8G'-![@BBB!?>/)-8/,/>!

'.8/>%)?@!'-0 !,/-'%%5!/??$)0!8G)!>1((/??/1-a? !.)M1.8!1- !O'-$'.5 !CC@!CDPd3!WG)!.)M1.8!

%/-^)0!>/7'.)88)!?(1^/-7 !81!' !-$(9). !1,!0/?)'?)? !'-0 !U'? !$M0'8)0!/- !ABCB@!95!

'-18G). !>1(M.)G)-?/F)@!?>/)-8/,/>!0/?>$??/1-!1,!G1U!('/-?8.)'( !'-0 !?)>1-0G'-0 !

?(1^) !)ZM1?$.)?!0'('7) !8G)!G$('- !91053!WG)!9/1%17/>!M.1>)??)?!1,!>/7'.)88)!

?(1^) !'-0 !0/?)'?)@!UG/>G!U).) !/0)-8/,/)0 !',8). !0)>'0)? !1,!?>/)-8/,/>!.)?)'.>G@!' .) !

8G)!,1>$?!1,!8G)!ABCB!<$.7)1- !N)-).'% !.)M1.83!HCL!6)?M/8)!'%%!8G)!),,1.8?!('0) !81!

/->.)'?) !8G)!%)F)%!1,!'U'.)-)?? !/- !8G)!?1>/)85@!(1.) !8G'-!d] !(/%%/1-!+()./>'- !'0$%8?!

?8/%%!?(1^)@!(1.) !8G'-!\ !(/%%/1-!'.) !%/F/-7!U/8G!' !?)./1$?!/%%-)??!>'$?)0 !95!?(1^/-7@!

'-0 !'91$8!dI\@BBB!+()./>'-? !0/) !M.)('8$.)%5 !)'>G!5)'. !'? !' !.)?$%8!1,!819'>>1!$?)3!

H:6:L !WG)!>G)(/>'%!>1(M1-)-8? !1,!8G)!819'>>1!G'F) !9))- !?8$0/)0!)Z8)-?/F)%5!/- !

1.0).? !81!/0)-8/,5 !8G)!G'.(,$%!>1-?8/8$)-8?!8G'8!M1?)!' !./?^!81!G$('- !G)'%8G3!WG)!

>G'.'>8)./?8/>@!'-0 !(1?8 !'9$-0'-8 !>G)(/>'%!/- !8G)!819'>>1!%)',!/?!-/>18/-)3!&/>18/-)!

G'?!9))- !)Z8.'>8)0!,.1( !8G)!819'>>1!%)',!,1. !('-5 !5)'.? !81!9) !$?)0!'? !' !>1(().>/'% !

M)?8/>/0)3!HC@P@[@\@DL!=.'/- !/('7/-7 !?8$0/)?!?G1U!8G'8!-/>18/-) !/->.)'?)? !8G)!'>8/F/85!

/- !8G)!M.),.1-8 '%!>1.8)Z@!8G'%'($?@!'-0 !F/?$'%!?5?8)(@!/- !'- !'>$8)!('--).@ !817)8G).!

U/8G!8G)!'>8/F'8/1- !1,!>1.8/>19'?'%!7'-7%/'J8G'%'(/>!9.'/- !>/.>$/8?3!R8!'%?1!>'$?)?!8G)!

.)%)'?) !1,!01M'(/-) !/- !?)F).'%!'.)'? !/- !8G)!9.'/-3 !HCBL!WG)!.)%)'?) !1,!01M'(/-) !

8./77).?!' !M%)'?$.'9%)!)ZM)./)->)@!'-0 !/?!>./8/>'%!81!8G)!.)/-,1.>/-7 !),,)>8?!1,!-/>18/-) !

'-0 !18G).!0.$7?!1,!'9$?)3!HCCL!+-18G).!.)'?1- !-/>18/-) !/?!>1-?/0).)0 !'- !'00/>8/F)!

>1(M1$-0 !81!G$('-?@!/?!8G'8!M'.8!1,!8G)!-/>18/-) !(1%)>$%)!.)?)(9%)? !' !9.'/- !
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-)$.18.'- ?(/88). !>'%%)0!'>) 85%>G1%/-)3!HDL!WG)!,%'F1.!'-0 !8'?8)!1,!>/7'.)88)!?(1^) !/?!

('/-%5 !',,)>8)0 !95!8G)!819'>>1!9%)-0!'-0 !/?!(10/,/)0 !U/8G!18G).!'00/8/F)?!8G'8!'.) !

$?)0!81!('?^ !8G)!G'.?G-)??!1,!8G)!%1U!h$'%/85!819'>>1!1. !81!'0`$?8!8G)!,%'F1.3!HCL!WG)!

>1(M1?/8/1-!1,!>/7'.)88)!?( 1^) !/?!?>/)-8/,/>'%%5!'??)??)0!95!>1-?/0)./-7 !8G)!>G)(/>'%!

>1(M1-)-8?@!M'.8/>%)!?/c)?!'-0 !>G'.7) !'? !U)%%!'? !8G)!>1->)-8.'8/1-? !1,!8G)!

>1(M1-)-8?3!HCL!+%%!8G)?)!M.)F/1$?%5!()-8/1-)0 !'?M)>8?!F'.5 !U/0)%5!'(1-7 !

0/,,).)-8 !>1(().>/'%%5!'F'/%'9%)!>/7'.)88)?3!R-!' - !'88)(M8!81!9)88).!'??)??!8G)!

>1(M1?/8/1-!1,!>/7'.)88)!?(1^)@!' !0/,,).)-8 !'MM.1'>G@!UG/>G!/-F1%F)?!?8$05/-7!8G)!

>1(M1-)-8? !/- !819'>>1!?(1^) !U/8G!8G)!7.)'8)?8 !M18)-8/'%!,1. !81Z/>!),,)>8?@!U'? !

M.1M1?)0!95!' !7.1$M!1,!.)?)'.>G).?3 !WG)!./?^!81!0)F)%1M!>'->).@!'? !U)%%!'? !

>'.0/1F'?>$%'.!'-0 !.)?M/.'81.5 !0/?)'?)? !U'? !'??)??)0!95!8G/?!7.1$M!1,!/-F)?8/7'81.?3!

+91$8!D\ !1,!8G)!A@A]P!?(1^) !>1(M1-)-8? !8G'8!U).) !?8$0/)0!/- !8G)!%/8).'8$.)!U).) !

,1$-0 !81!9) !G'c'.01$? !81!G$('- !G)'%8G!'-0 !)'>G!M$,,!1,!' !>/7'.)88)!U'? !,1$-0 !81!

>1-8'/- !' !(/Z8$.) !1,!8G1$?'-0?!1,!>1(M1$-0?@!/->%$0/-7!(1.) !8G'-!PB!U)%%J

)?8'9%/?G)0!>'.>/-17)-?3 !HC@\L!Q)?)'.>G).? !>1->%$0)0!8G'8!C@IJ9$8'0/)-) !/(M1?)0 !

8G)!G/7G)?8!./?^!,1. !0)F)%1M/-7!>'->). !UG/%)!8G)!>.)?1%?!U).) !G)%0!.)?M1-?/9%)!,1. !

8G)!>'.0/1F'?>$%'.!) ,,)>8?@!'-0 !'>.1%)/-!'-0 !'>)8'%0)G50)!U).) !>1-?/0).)0 !8G)!(1?8 !

?/7-/,/>'-8 !.)?M/.'81.5 !/../8'-8?3!WG)5!G'F) !'%?1!>1->%$0)0!8G'8!8G)!,1%%1U/-7!>%'??)?!

1,!>G)(/>'%?!'.) !1,!>1-?/0).'9%) !G)'%8G!>1->).-@!()8 '%?@!" J-/8.1?'(/-)?@ !'-0 !

M1%5>5>%/>!'.1('8/> !G50.1>'.91-?3!!HK+V?L3!HPL!&))0%)??!81!()-8/1-@!?(1^/-7 !>'- !

%)'0!81!' !F'./)85 !1,!1-71/-7 !>1(M%/>'8/1-?!/- !8G)!9105@!'? !U)%%!'? !%1-7J8).( !),,)>8?!

1- !'%(1?8!'%%!9105!?5?8)(?3!W19'>>1!?(1^/-7 !/?!'??1>/'8)0!U/8G!('-5 !0/?)'?)? !'-0 !

?)./1$?!>1-0/8/1-?@!?$>G!'? !>'->).@!>'. 0/1F'?>$%'.!'-0 !M$%(1-'.5 !0/?)'?)?@!'-0 !%1U!
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9/.8G!U)/7G8@!/- !'00/8/1- !81!('-5 !18G).!('`1. !?5?8)(/> !'-0 !1.'%!G)'%8G!M.19%)(?3!

HCAL!:/7'.)88) !?(1^/-7 !>'- !>'$?) !>'->). !'%(1?8!'-5UG).) !/- !8G)!G$('- !91053!

:/7'.)88) !?(1^/-7 !>'$?)?!>'->). !1,!8G)!1.'%!>'F/85@!)?1MG'7$?@!?81('>G@!>1%1-@!

.)>8$(@!%/F).@!M'->.)'?@!%'.5-Z@!8.'>G)'@!9.1->G$?@!̂ /0-)5 !'-0 !.)-'% !M)%F/?@!$./-'.5 !

9%'00).@!'-0 !>).F/Z@!'-0 !>'$?)?!'>$8)!(5)%1/0!%)$^)(/'3 !g$-7 !>'->).@!'>>1.0/-7 !81!

8G)!:6:@!/?!8G)!(1?8 !>1((1- !>'$?) !1,!0)'8G!0$) !81!?(1^/-7@!'-0 !819'>>1!?(1^).? !

'.) !C] !81!IB !8/()? !(1.) !%/^)%5!81!0)F)%1M!%$-7!>'->). !1. !0/) !,.1( !%$-7!>'->). !8G'-!

M)1M%)!UG1!01!-18!?(1^)3 !HCL!<(1^/-7 !/?!'%?1!' !('`1. !>'$?) !1,!>'.0/1F'?>$%'.!

0/?)'?)@!'-0 !/?!.)?M1-?/9%)!,1. !1-) !1,!)F).5 !8G.))!0)'8G?!,.1( !>'.0/1F'?>$%'.!

0/?)' ?)?3!HCL!;'-5 !1,!8G)!>'.0/1F'?>$%'.!>1-0/8/1-?!8G'8!>'- !9) !>'$?)0 !95!>/7'.)88)!

?(1^/-7 !/->%$0)@!'8G).1?>%).1?/?@!>1.1-'.5 !G)'.8 !0/?)'?)@!?8.1^)?!'-0 !'1.8/>!

'-)$.5?(3 !X-) !1,!8G)!18G).!0)8./()-8'% !>1-?)h$)->)? !1,!?(1^/-7 !>'- !9) !8G)!

0)F)%1M()-8!1,!85M)!RR!0/' 9)8)?@!?/->) !' !-$(9). !>%/-/>'%!'-0 !)ZM)./()-8'% !?8$0/)?!

G'F) !M.1F)- !8G)!?/7-/,/>'-8 !'??1>/'8/1- !9)8U))- !?(1^/-7 !'-0 !/(M'/.)0 !7%5>)(/>!

>1-8.1%!'? !U)%%!'? !0/'9)8)?3!HCIL!WG)!1.'%!>'F/85!/?!'%?1!'0F).?)%5!',,)>8)0 !95!

?(1^/-7@!'-0 !8G)!>1-0/8/1-?!8G'8!'.) !'??1>/'8)0 !U/8G!?(1^/-7 !/- !8G)!1.'%!>'F/85!'.) !

($%8/M%)3!W19'>>1!?(1^/-7 !G'?!9))- !M.1F)- !81!>'$?) !'-0 !U1.?)- !M)./101-8'%!

0/?)'?) !/- !( '-5 !2M/0)(/1%17/>'%!?8$0/)?3!HCdL!WG)!?)F)./85!1,!M)./101-8'%!0/?)'?) !

'-0 !'88'>G()-8 !%1??!/->.)'?) ?!!U/8G!/->.)'?)0 !,.)h$)->5 !1,!?(1^/-73 !HC]L!<(1^).? !

'.) !'%?1!,1$-0 !81!?G1U!?/7-/,/>'-8%5!(1.) !'>>$($%'8)0 !>'%>$%$?!8G'-!-1- J?(1^).?3 !

+-18G).!M)./101-8'%!0/?)'?) !8G'8!G'?!9))- !?8.1-7%5!'??1>/'8)0!U/8G!?(1^/-7 !/?!' >$8)!

-)>.18/c/-7 !7/-7/F/8/?3!HCdL!&18!1-%5!'.) !?(1^).? !(1.) !M.1-) !81!0)F) %1M!M)./101-8'%!

0/?)'?)@!9$8!8G)5!'%?1!.)?M1-0!/- !' !%)??!,'F1.'9%) !('--). !81!918G!?$.7/>'%!'-0 !-1- J
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?$.7/>'%!M)./101-8'%!8G).'M53!HCPL!R-!'00/8/1-@!?(1^).? !'.) !C3]I!8/()? !(1.) !%/^)%5!81!

%1?)!8G)/.!8))8G!8G'-!-1- J?(1^ ).?3!HC[L!bG)- !/8!>1()? !81!8G)!)().7/-7 !,/)%0!1,!

0)-8'%!/(M%'-8?@!819'>>1!?(1^/-7 !/?!0/.)>8%5!.)%'8)0!81!M)./J/(M%'-8/8/?!'-0 !0)-8'%!

/(M%'-8!,'/%$.)3!HC\L!R-!'00/8/1- !81!'%%!8G)!0)8./()-8'% !1.'%!G)'%8G!/(M%/>'8/1-?!1,!

?(1^/-7 @!8G).)!/?!' !?/7-/,/>'-8 !9105!1,!%/8).'8$.)!8G'8!G'?!>1->%$0)0!8G'8!8G).)!/?!' !

0),/-/8/F) !%/- !̂9)8U))- !8G)!$?)!1,!819'>>1!M.10$>8?!'-0 !8G)!0)F)%1M()-8!1,!1.'%!

>'->).3 !W19'>>1!M.10$>8?@!G)'F5!$?)!1,!'%>1G1%!'-0 !M'.8/>$%'.%5!8G)!>1(9/-)0 !$?)!1,!

918G@!G'F) !9))- !/(M%/>'8)0!'? !8G)!('/- !>'$?)?!1,!1.'%!>'->).3 !X.'%!?h$'(1$? !>)%%!

>'.>/-1(' !.)M.)?)-8? !'91$8!DBJD]n !1,!'%%!1.'%!>'->). !>'?)?3!HCdL!+!('`1. !M.19%)(@!

%)'0/-7!81!8G)!M11.!M.17-1?/?!1,!1.'%!>'->).@!/?!0)%'5)0!0/'7-1?/?3!+91$8!8U1!8G/.0?!

1,!8G)!>'?)?!'.) !0/'7-1?)0 !'8!'0F'->)0 !?8'7)?@!?/->) !0/'7-1?/? !0)M)-0? !('/-%5 !1- !

>%/-/>'%!)Z'(/-'8/1-3 !WG)!>$..)-8 !8.)'8()-8 !(10'%/8/)?!,1. !1.'%!?h$'(1$? !>)%%!

>'.>/-1(' !'.) !>1-?/0).)0 !'77.)??/F) !'-0 !?)F).)%5!',,)>8 !8G)!?$.F/F1.?m!'MM)'.'->) !

'-0 !h$'%/85!1,!%/,)@!'-0 !)'.%5!0)8)>8/1-!U1$%0!0.'?8/>'%%5!/(M.1F) !8G)!1$8>1() !1,!

8.)'8()-83 !HCDL!

b/8G!8G)!7.1U/-7 !M$9%/>!G)'%8G!'U'.)-)??@ !'-0 !8G)!71F).-()-8?m !?(1^/-7 !

.)7$%'8/1-?!'-0 !8G)!<$.7)1- !N)-).'%m?!U'.-/-7 !1- !8G)!?/0)!M'-)%!1,!)'>G!M'> !̂1,!

>/7'.)88)?!'7'/-?8 !8G)!G)'%8G!>1-?)h$)->)? !1,!?(1^/-7 i!8G)!>/7'.)88)!/-0$?8.5!G'?!

?G/,8)0!1F). !8G)!%'?8!] !0)>'0)?3!W1!1F).>1() !8G)!('.^)0 !0)>%/-)!/- !8G)!$?)!1,!

>1-F)-8/1-'%!>/7'.)88)?!/- !8G)!E-/8)0 !<8'8)?!'(1-7 !51$-7!'0$%8?!1F). !8G)!M'?8!,)U !

0)>'0)? @!819'>>1!('-$,'>8$.).? !G'F) !?8'.8)0!('-$,'>8$./-7 !o%/7G8p!1. !,/%8).)0@!%1UJ

8'. !F).?/1-? !1,!8G)!8.'0/8/1-'%!>/7' .)88)3!Q)?)'.>G!/-0/>'8)? !8G'8!?$>G!>G'-7)? !G'F) !
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-18!.)0$>)0 !8G)!1F).'%%!0/?)'?) !./?^!/- !?(1^).? !'-0 !('5 !G'F) !1-%5!U1.?)-)0 !

M.)F)-8/1- !'-0 !>)??'8/1-!),,1.8?3!HCL!

!

+4.96/12:9'!:F3/.66.0 ''

N/F)- !8G)!0)>%/-)!/- !8G)!$?)!1,!>1-F)-8/1-'%!>/7'.)88)?!'(1-7 !51$8G!/- !8G)!E-/8)0 !

<8'8)?i!8G)!819'>>1!/-0$?8.5!$?)0!F'./1$? !()8G10?!'? !' !U'5 !81!>1() !$M!U/8G!

oG)'%8G/).p!>/7'.)88)?3!X-) !U'5 !81!01!8G'8!U'? !8G)!>.)'8/1- !1,!8G)!)%)>8.1-/>!

>/7'.)88)@!UG/>G!G'?'9))- !'.1$-0 !,1. !1F). !dB!5)'.?@!9$8!G'?!9)>1() !?/7-/,/>'-8%5!

M1M$%'.!'( 1-7 !51$8G!'-0 !51$-7!'0$%8?!0$./-7 !8G)!M'?8!,)U !5)'.?3!WG).)!'.) !' !

F'./)85 !1,!)%)>8.1-/>!-/>18/-) !0)%/F).5!0)F/>)?!'F'/%'9%)!/- !8G)!('.^)8@!'-0 !8G)5!>1() !

95!0/,,).)-8 !-'()? !/->%$0/-7!o) J>/7'.)88)?@p!o) J>/7?@p!o>/7'%/^)?@p!o) JG11^'G?@p!

o(10?@p!oF'M)!M)-?@p!'-0 !oF'M)?p3!#1.!8G)!M$.M1?)!1,!8G/?!M'M).@!8G)!0)F/>)!U/%%!9) !

.),)..)0 !81!'? !8G)!) J>/7'.)88)3!6)?M/8)!8G)!,'>8!8G'8!' !-$(9). !1,!1%0).!7)-).'8/1- !

)%)>8.1-/>!-/>18/-) !0)%/F).5!?5?8)(?!H2&6<L!G'F) !9))- !>.)'8)0 !?/->) !8G)!CDPBm?@!8G)!

U/0)%5!̂ -1U- !) J>/7'.)88)!'? !U) !̂ -1U !/8@!G'?!9))- !/-8.10$>)0 !81!8G)!:G/-)?) !('.^)8 !

,/.?8!95!ABBd3!WG)!,/.?8!/-8.10$>8/1-!1,!8G)!) J>/7'.)88)!81!8G)!E3<3!('.^)8 !U'? !/- !8G)!

(/00%)!1,!8G)!ABBBm?@!'-0 !8G)/.!?'%)?!G'F) !9))- !?/7-/,/>'-8%5!/->.)'?/-7 ',.1( !ABB[!81!

0'8)3!+%%!) J>/7'.)88)?!1M).'8) !1- !' !?/(M%)!M./->/M%)*!+!%/h$/0!/?!>1-F).8)0 !81!' !F'M1.!

8G.1$7G!8G)!M.1>)??!1,!G)'8/-73!+!9'88).5!?)-0? !'- !)%)>8./>!>$..)-8 !81!' !U'0 !1,!

%/h$/0J?1'^)0 !U/>^/-7 !('8)./'% !8G'8!/?!8/7G8%5!U.'MM)0!U/8G!' !()8'%!>1/%3!<)-0/-7 !

>$..)-8 !81!8G)!>1/%!>'$?)?!8G)!>1/%!81!G)'8!$M3!X->) !8G)!>1/%!9)>1()? !G18!)-1$7G@!8G)!

%/h$/0!8G'8!/?!/- !>1-8'>8!U/8G!8G)!>1/%!'%?1!9)7/-? !81!G)'8!$M@!)F)-8$'%%5!81!8G)!M1/-8!

8G)!%/h$/0!9)>1()? !>1-F).8)0 !81!' !F'M1.3!WG/?!F'M1.!/?!8G)-!M$,,)0!1. !/-G'%)0!,.1( !
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8G)!0)F/>)3!WG)!%/h$/0?!$?)0!/- !) J>/7'.)88)?!ò $/>)p@!-1 !('88). !UG'8!8G)!0)F/>)@!

85M/>'%%5!/->%$0)!' !>1(9/-'8/1- !1,!,1$. !('/- !/-7.)0/)-8?* !M.1M5%)-)!7%5>1%!HKNL@!

F)7)8'9%)!7%5>)./-!H_NL@!,%'F1./-7?@!'-0 !1M8/1-'%%5!-/>18/-)3!!WG)!>1(9/-'8/1- !'-0 !

.'8/1 !1,!8G)?)!/-7.)0/)-8? !0/,,).3!HAB@ACL!WG)!.)>)-8 !.)('.^'9%) !./?) !/- !8G)!$?)!1,!) J

>/7'.)88)?!'(1-7 !8G)!51$8G!/- !8G)!E-/8)0 !<8'8)?!G'?!9))- !' !('`1. !M$9%/>!G)'%8G!

>1->).- !%'8)%53!WG).)!/?!' !.)M1.8)0!DBBn!/->.)'?) !/- !8G)!$?)!1,!8G)!) J>/7'.)88)?!

'(1-7 !8G)!G/7G!?>G11%!?8$0)-8?!/- !8G)!E3<3!/- !8G)!M)./10!9)8U))- !ABCCJABC]3!+(1-7 !

8G)!(1?8 !>1((1-%5 !.)M1.8)0!.)'?1-? !9)G/-0 !8G/?!/->.)'?)@!/?!8G)!'MM)'%/-7!

,%'F1./-7!'7)-8? !'-0 !8G)!,'%?)!M).>)M8/1-!8G'8!8G)!$?)!1,!) J>/7'.)88)?!/?!%)??!G'.(,$%!

81!8G)!$?). !8G'-!>1-F)-8/1-'%!>/7'.)88)?3!HABL!Q)>)-8%5!/- !;'.>G !ABC\@!WG)!#110!'-0 !

6.$7 !+0(/-/?8.'8/1- !H#6+L!G'?!>1-?/0).)0 !.)?8./>8/-7!,%'F1./-7!>/7'.)88)?@!'? !'- !

'88)(M8!81!('^) !?(1^/-7 !%)??!)-`15'9%)!'-0 !8G$?!.)0$>) !/8?!-$().1$? !'0F).?) !

),,)>8?!'(1-7 !8G)!M1M$%'8/1-@!)?M)>/'%%5!51$-7). !7)-).'8/1-?3 !V/7G!?>G11%!?8$0)-8?!

?))( !81!9) !)-8/>)0 !95!8G)!,%'F1.)0!819'>>1!M.10$>8?!(1.) !8G'-!-1- J,%'F1.)0!

M.10$>8?3!WG)!:)-8).? !,1. !6/?)'?) !:1-8.1%!'-0 !K.)F)-8/1- !H:6:L !.)M1.8)0!8G'8!'91$8!

C\n !1,!G/7G!?>G11%!?8$0)-8?!G'F) !$?)0!' !,%'F1.)0!819'>>1!M.10$>8!/- !8G)!M'?8'IB !

0'5? !1,!8G)!?8$05!>1(M'.)0 !81!1-%5!]3\n !$?)!1,!-1- J,%'F1.)0!819'>>13!HAAL!!

;1F/-7 !1- !81!8G)!G)'%8G!>1-?)h$)->)? !1,!) J>/7'.)88)?@!1-) !>'- !?8'.8!95!8G)!?/(M%)!

,'>8!8G'8!$?/-7!) J>/7'.)88)?!)ZM1?)?!8G)!$?).?!81!-/>18/-)@!'%1-7!U/8G!' !%/?8!1,!18G).!

G'.(,$%!>G)(/>'%?3!&/>18/-)!'? !0/?>$??)0!M.)F/1$?%5!/?!'- !'00/>8/F)!?$9?8'->)!8G'8!

>'- !9) !0'('7/-7 !81!8G)!7.1U/-7 !9.'/- !>)%%?3!<$,,/>/)-8!0'8' !/- !8G)!%/8).'8$.)!M.1F)?!

8G)!G'.(,$%!),,)>8?!1,!-/>18/-)@!)?M)>/'%%5!/- !G/7G!01?)?!/- !UG/>G!/8!>'- !9) !%)8G'%3!

V1U)F).@!8G).)!/?!-1 !'0)h$'8) !)F/0)->) !81!>1->%$0)!8G)!M.)?)->) !1. !'9?)->) !1,!' !
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>'$?'%!.)%'8/1-?G/M!9)8U))- !)ZM1?$.)!81!- />18/-)!'-0 !./?^!,1. !>'->).3 !HABL!W1!0'8)@!

%/88%)!/?!̂ -1U- !'91$8!8G)!G)'%8G!?)h$)%'!1,!8G)!)ZM1?$.)!81!18G).!>1-?8/8$)-8?!1,!) J

>/7'.)88)?@!?$>G!'? !?1%F)-8?!'-0 !,%'F1.'-8?3!WG)!-$(9). !1,!'F'/%'9%)!,%'F1.?!/- !8G)!

('.^)8? !)Z>))0?![[Pd3!<1() !,%'F1./-7!'7)-8?@!%/^)!0/'>)85%!A@IJ9$8'-)0/1-) !HUG/>G!

/?!$?)0!81!M.1F/0)!,110!U/8G!' !9$88).5!>.)'(5 !,%'F1.L!'.) !'MM.1F)0!,1. !/-7)?8/1- !95!

8G)!E3<!#6+@!9$8!/-,1.('8/1- !'91$8!8G)/.!?', )85!/,!/-G'%)0!/?!-18!'F'/%'9%)3!HAIL!<1() !

1,!8G)!>1-8)-8?!1,!8G)!) J%/h$/0!'-0 !8G)!').1?1%!,1.()0 !,.1( !) J>/7'.)88)?@!?$>G!'? !

,1.('%0)G50)@!'>)8'%0)G50)@!'-0 !'>.1%)/-@!'.) !)?8'9%/?G)0!>'.>/-17)-?@!'-0 !8G)/.!

>1->)-8.'8/1-? !/->.)'?) !U/8G!8G)!/->.)'?) !/- !8G)!F1%8'7)!1,!8G)!0)F/>)3!#$.8G).(1.)@!

'F'/%'9%)!)F/0)->) !M.1F)?!8G'8!-/>18/-) J/-0)M)-0)-8 !0'('7) !>'$?)0 !95!G/7G!

>1->)-8.'8/1-? !1,!18G).!>G)(/>'%?!,1$-0 !/- !) J>/7'.)88)?@!%/^)!G)'F5!()8'%?@!)Z/?8?@!9$8!

(1.) !.)?)'.>G !/?!-))0)0 !81!h$'-8/,5 !8G)/.!),,)>8?3!HAd@A]L!b/8G!8G)!./?/-7 !M1M$%'./85!

1,!8G)!$?)!1,!) J>/7'.)88)?@!($%8/M%)!/->/0)-8?!'91$8!0)F/>)!)ZM%1?/1-!G'F) !9))- !

.)M1.8)03!+%8G1$7G!8G)!M).>)-8'7) !1,!/->/0)-8?!/?!,'/.%5!%1U!>1(M'.)0 !81!8G)!-$(9). !

1,!$?).?!-1U'0'5?@!8G)5!>'$?)0 !' !-$(9). !1,!910/%5!/-`$./)? !'-0 !,/.)?3!R-!?1() !>'?) !

.)M1.8?@!?)F).) !0'('7) !81!8G)!'-8)./1. !8))8G!'-0 !,.'>8$.)0 !'-8)./1. !-'?'%!?M/-)!'? !

U)%%!'? !?1,8!8/??$)!%'>).'8/1-?!U).) !>'$?)0 !95!8G)!)ZM%1?/1-?!1,!) J>/7'.)88)?!0$./-7 !

$?)3!HAI@APL!

X- !8G)!?1>/'%!'?M)>8@!)F/0)->) !/?!?G1U/-7!8G'8!8G)!$?)!1,!) J>/7'.)88)?!('5 !/- !,'>8!9) !

>.)'8/-7 !(1.) !?(1^).? !8G'-!h$/88).?3!Q)?)'.>G!G'?!,1$-0 !8G'8!8G)!$?)!1,!) J>/7'.)88)?!

/?!>'$?/-7 !51$-7!'0$%8?!'-0 !51$8G!81!0)F)%1M!.)'%!?(1^/-7 !G'9/8?@!'-0 !8G'8!8G)!$?)!

1,!) J>/7'.)88)?!/?!-18!G)%M/-7!?(1^).? !h$/8!'? !'0F).8/?)03!W1!8G)!>1-8.'.5@!/8!/?!

>.)'8/-7 !(1.) !.)'%!?(1^) .?!'(1-7 !51$-7). !M1M$%'8/1-3!HA[L!+%8G1$7G!.)?)'.>G !G'?!
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M.1F)- !8G'8!8G)!) J>/7'.)88)!').1?1%!/?!-18!' !().) !G'.(%)??!U'8). !F'M1.@!'-0 !8G'8!/8!

/->%$0)?!' !-$(9). !1,!G'.(,$%!>G)(/>'%?i!(1.) !.)?)'.>G !/?!M.)??/-7%5!0)('-0)0 !/- !

8G'8!,/)%0@!'-0 !' !,$%%!$-0).?8'-0/-7 !1,!8G)!),,)>8?!1,!8G)!0/,,).)-8 !>1-?8/8$)-8?!1,!8G)!

) J>/7'.)88)?!/?!>.$>/'%3!HABL!

?34:@3'30'3'J:141F:9'5:3F2106:9'K48:7D'

V$('- !?'%/F'!/?!' !?%/7G8%5!'>/0/>!HMVq!P3BJ[3BL!>1(M%)Z!9/1%17/>'%!,%$/0@!M.10$>)0!

'-0 !?)>.)8)0!95!8G)!?'%/F'.5!7%'-0?@!UG/>G!'.) !/--).F'8)0 !95!918G!?5(M'8G)8/>!'-0 !

M'.'?5(M'8G)8/> !-).F) !,/9).?3!<'%/F'!/?!M./('./%5!?)>.)8)0!95!8G)!8G.))!('`1. !

?'%/F'.5!7%'-0?@!-'()%5 !8G)!M'.18/0@!?$9('-0/9$%'. !'-0 !?$9%/-7$'%@!U/8G!' !?%/7G8!

>1-8./9$8/1-!,.1( !( '-5 !(/-1. !7%'-0?!,1$-0 !U/8G/-!8G)!%1U).!%/M@!81-7$)@!M'%'8)@!

>G))^?@!'-0 !MG'.5-Z3!WG)!('`1./85 !1,!8G)!F1%$()!1,!?'%/F'!/?!M.10$>)0!95!8G)!('`1. !

?'%/F'.5!7%'-0?3!+%8G1$7G!(/-1. !?'%/F'.5!7%'-0?!>1-8./9$8)!81!8G)!M.10$>8/1-!1,!' !

?('%%).!'(1$-8 !1,!?'%/F'@!8G)!?/7-/,/>'->) !%/)?!/- !8G)!h$'%/85!1,!8G)!?'%/F'@!>'..5/-7 !

(1.) !M.18)>8/F)!>1(M1-)-8?3!X- !'F).'7)@!' !G$('- !9)/-7 !M.10$>)?!'91$8!CJC3]!%/8).?!

1,!?'%/F'!)F).5 !0'53!<'%/F'!M%'5?!' !>.$>/'%!($%8/,'>81./'%!.1%)!/- !M.18)>8/-7!8G)!

($>1?'%!?$.,'>)? !1,!8G)!1.'%!>'F/85@!'/0/-7 !/- !('?8/>'8/1-@!0/7)?8/1-!'-0 !?M))>G!'? !

U)%%!'? !('-5 !18G).!9/1%17/>'%!,$->8/1-?3!WG)!G5M181-/>!M.1M).8/)?!1,!?'%/F'!('^) !/8!

1M8/($( !,1. !8G)!0/??1%$8/1-!1,!0/,,).)-8 !?$9?8'->)?!/- !8G)!1.'%!>'F/85@!'-0 !8G$?!

7/F/-7!8G)!81-7$)m?!8'?8)!9$0?!8G) !'9/%/85!81!0)8)>8!,%'F1.?3!HA\@AD@IBL!WG)!8).( !

UG1%)!?'%/F'!/?!7/F)- !81!8G)!(/Z8$.) !1,!?8/($%'8)0!'-0 !$- J?8/($%'8)0!?'%/F'!/- !

'00/8/1- !81!7/-7/F'%!>.)F/>$%'.!,%$/03!WG)!85M)!1,!?)>.)8/1- !1,!?'%/F'!UG)8G).!?).1$?@!

($>1$? !1. !(/Z)0@!0)M)-0? !1- !8G)!'>/-'. !>)%%?!1,!8G) !?'%/F'.5!7%'-0?!/- !UG/>G!?'%/F'!

/?!,/.?8!?)>.)8)03!WG)!M'.18/0!7%'-0m?!?)>.)8/1- !/?!('/-%5 !?).1$?@!UG/%)!($>1$? !
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?)>.)8/1-?!>1() !,.1( !8G)!(/-1. !7%'-0?3!<)>.)8/1-?!,.1( !8G)!?$9%/-7$'%!'-0 !

?$9('-0/9$%'. !7%'-0?!'.) !(/Z)0 !?).1$?!'-0 !($>1$?3!HIB L!<'%/F'!>1(M./ ?)?!1F). !

DDn!U'8).i !8G)!.)?8!Cn !/?!>1(M1?)0!1,!1.7'-/> !'-0 !/-1.7'-/> !(1%)>$%)?3!WG)!

,$->8/1-'%!/-8).'>8/1- !1,!8G)!0/,,).)-8 !>1(M1-)-8? !1,!?'%/F'@!.)?$%8?!/- !/8?!F'./1$? !

M.1M).8/)?3!<'%/F'!/?!>1(M1?)0!1,!' !-$(9). !1,!)%)>8.1%58)?!%/^)!M18'??/$(@!?10/$(@!

>'%>/$(@!('7-)?/$(@ !9/>'.91-'8)@!'-0 !MG1?MG'8)?3!6/,,).)-8 !18G).!>1(M1-)-8? !

/->%$0)!)-c5()?@!/(($-17%19$%/-?@!M.18)/-?@!($>/-?@!'-0 !-/8.17)-1$? !M.10$>8?@!

?$>G!'? !$.)' !'-0 !'((1-/'3 !<'%/F'm?!9$,,)./-7 !>'M'>/85!/?!' !.)?$%8!1,!8G)!/-8).'>8/1- !1,!

9/>'.91-'8)?@!MG1?MG'8)?@!'-0 !$.)'@!UG/>G!'%%!'>8!81!.)7$%'8)!8G)!MV!1,!?'%/F'3!

#$.8G).(1.)@!8G)!M.18)/-?!'-0 !)-c5()? !G'F) !'-8/(/>.19/'%@!%$9./>'8/1-!'? !U)%%!'? !

0/7)?8/F)!,$->8/1-?3!HIB L!WG)!M).>)M8/1-!1,!?'%/F'!'? !' !?/(M%)!0/7)?8/F)!%/h$/0!/- !8G)!

1.'%!>'F/85!G'?!0.'?8/>'%%5!>G'-7)0 !1F). !8G)!M'?8!5)'.?3!R8!G'?!9))- !?>/)-8/,/>'%%5!

M.1F)- !81!9) !1,!7.)'8 !0/'7-1?8/>!F'%$)?!>1(M'.'9%) !81!9%110@!'-0 !>'M'9%)!1,!

>1-F)5/-7 !/-,1.('8/1- !'91$8!8G)!/-0/F/0$'%m?!1F).'%%!G)'%8G3!HADL!XF). !ABB!5)'.? !'71 !

'->/)-8 !:G/-)?) !01>81.?!$?)0!?'%/F'!' ?!' !0/'7-1?8/>!,%$/03!WG)5!/-?M)>8)0!8G)!?()%%!

'-0 !8G/>^-)??!1,!?'%/F'!'-0 !'??1>/'8)0!>G'-7)? !81!0/,,).)-8 !()0/>'% !>1-0/8/1-?3!;1.) !

.)>)-8%5@!?>/)-8/?8?!M1?8$%'8)0!8G'8!?/->) !8G)!G$('- !?'%/F'.5!7%'-0?!'.) !G/7G%5!

M).()'9%) !?8.$>8$.)?!)-F)%1M)0!95!>'M/%%'./)?@!' !M1??/9%)!,.)) !)Z>G'-7) !1,!9%110J

9'?)0 !(1%)>$%)?!/-81!8G)!?'%/F'!>1$%0!/-,%$)->)!?'%/F'm?!(1%)>$%'.!>1-?8/8$)->5@!

'%%1U/-7!>/.>$%'8/-7!9/1('.^).? !81!9) !'9?1.9)0 !95!?'%/F'3!WG/?!)Z>G'-7) !>'- !1>>$.!

8G.1$7G!M'??/F)!0/,,$?/1-@!'>8/F)!8.'-?M1.8'8/1- !1. !)Z8.'>)%%$%'.!$%8.'J,/%8.'8/1-@!

%)'0/-7!81!8G)!M.)?)->) !1,!9%110J9'?)0 J(1%)>$%)?!/- !?'%/F'3!!WG)!>%/-/>'%!?/7-/,/>'->) !

1,!?'%/F'.5!9/1('.^).? !G'?!9))- !/-F)?8/7'8)0!/- !($%8/M%)!?8$0/)?3!<>/)-8/?8?!G'F) !
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G5M18G)?/c)0!8G)!M1??/9/%/85!8G'8!8G)!9/1>G)(/>'%!>1(M1?/8/1- !1,!?'%/F'!>1$%0!9) !

',,)>8)0 !95!8G)!,.)) J)Z>G'-7) !1,!9%110J9'?)0 !(1%)>$%)?@!%/^)!9/1('.^).? !1,!0/?)'?)@!

8G.1$7G!8G)!>'M/%%'./)?!)-F)%1M/-7!8G)!?'%/F'.5!7%'-0?3!WG/?!()'-? !?'%/F'!(/7G8!

>1-8'/- !($%8/M%)!('.^).? !'91$8!8G)!/-0/F/0$'%m?!?8'8)!1,!G)'%8G3!V1U)F).@!8G/?!/?!'- !

'.)' !8G'8!.)h$/.)? !,$.8G).!.)?)'.>G !81!M.1F)!8G)!),,/>'>5 !1,!?'%/F'!'? !' !.)%/'9%)!

9/1('.^).3 !HIC@IA L!

WG)!&'8/1-'%!R-?8/8$8)!1,!V)'%8G!H&RVL!0),/-)? !' !9/1('.^). !'? !o'- !19`)>8/F)%5!

()'?$.)0 !'-0 !)F'%$'8)0!/-0/>'81. !1,!-1.('% !9/1%17/>!M.1>)??)?@!M'8G17)-/>!

M.1>)??)?@!1. !MG'.('>1%17/>!.)?M1-?)?!81!8G).'M)$8/>!/-8).F)-8/1-p3!+!9/1('.^). !

>'- !0)(1-?8.'8) !'? !'- !'-8/9105@!(/>.19)@!6&+@!Q&+!1. !' !M.18)/-@!'-0 !/?!>'M'9%)!1,!

M.1F/0/-7!/-,1.('8/1- !'91$8!8G)!MG5?/1%17/>'%!?8'8)!1,!' !G$('-3 !HADL!=%110!?).$( !1. !

M%'?('!/?!>1-?/0).)0 !8G)!(1?8 !,.)h$)-8%5!198'/-)0 !?1$.>)!1,!()'?$.'9%) !

9/1('.^).? !/- !8G)!91053!V1U)F).@!?'%/F'!G'?!9))- !>1(M)8/-7 !'? !'- !'0F'-8'7)1$? !

()0/$( !'-0 !' !%)??!/-F'?/F) !'%8).-'8/F)3!bG/%)!198'/-/-7 !9%110!?'(M%)?!.)h$/.)? !

8.'/-)0 !()0/>'% !M).?1--)%!'-0 !/?!>1-?/0).)0 !MG5?/>'%%5!/-8.$?/F)@!>1%%)>8/-7!?'%/F'!

?'(M%)?!/?!'- !)'?5 !M'/-%)??@!-1- J/-F'?/F) !M.1>)0$.)3!R8!/?!/-)ZM)-?/F) !'-0 !01)?!-18!

.)h$/.) !8.'/-)0 !()0/>'% !?8',,!81!M).,1.(3 !R8!/?!'%?1!?',). !81!M).,1.( !U/8G1$8!8G)!-))0 !

,1. !-))0%)?!1. !8G)!M1??/9/%/85!1,!/-`$./)? !'-0 !8G$?!>'../)? !' !%1U).!>.1??!

>1-8'(/-'8/1- !./?^!8G'-!9%110!8)?8?3!HII L!!

<'%/F'.5!9/1('.^).? !>'- !9) !>'8)71./c)0 !/-81*!M.18)1(/>!H%1>'%%5!M.10$>)0!M.18)/-?!

1,!G1?8!'-0 !9'>8)./'%!1./7/-? !%/^)!)-c5()?@!/(($-17%19$%/-?!'-0 !>581^/-)?L@!

7)-1(/> !H6&+!'-0 !(Q&+L@!'-0 !(/>.19/'% !H9'>8)./' !'-0 !9'>8)./'%!M.10$>8?@!/1-?@!

?8).1/0?!'-0 !G1.(1-)?L3!<'%/F'.5!9/1('.^).? !G'F) !9))- !$?)0!81!)Z'(/-) !8G)!),,)>8!
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1,!%/,)?85%)!,'>81.?!%/^)!?(1^/-7@!'? !U)%%!'? !0/?)'?) !0)8)>8/1-3!+!-$(9). !1,!

('%/7-'->/)?@!%/^)!9.)'?8@!1.'%!'-0 !1F'./'- !>'->).@!G'F) !9))- !,1$-0 !81!>'$?) !'- !

)%)F'8/1-!/- !>).8'/- !?'%/F'.5!9/1('.^).? !'-0 !?G1U!' !M.1(/?/-7 !,$8$.)!/- !8).(? !1,!

)'.%5!0/'7-1?/? !'-0 !9)88).!M.17-1?/?!,1. !M'8/)-8?3!HId@I]@IPL!:G'-7)? !/- !?'%/F'.5!

9/1('.^).? !U).) !,1$-0 !81!9) !?/7-/,/>'-8 !/- !' !%18!1,!U)%%J>1-?8.$>8)0!()0/>'% !?8$0/)?!

1,!0/,,).)-8 !0/?)'?)? !'-0 !>1-0/8/1-?@!/- !>1(M'./?1- !81!8G)!('8>G)0 !>1-8.1%?@!%/^)@!

< r̀ 7.)- m?!?5-0.1()@!0/'9)8)? !()%%/8$?@!G)M'8/8/?!:@!VR_@!'-0 !/-,)>8/1-?!U/8G!

V)%/>19'>8).!K5%1./3!HIPL!

!>61I:2.0D '

+(1-7 !'%%!8G)!U/0) !.'-7) !1,!?'%/F'.5!9/1('.^).? !8G'8!>'- !9) !8)?8)?@!>581^/-)?!'.) !

.)7'.0)0 !'? !?$M)./1.3!HI[ L!:581^/-)? !'.) !%1U!(1%)>$%'.!U)/7G8!7%5>1M.18)/-?@!UG/>G!

'.) !/(M1.8'-8 !.)7$%'81.?!1,!8G)!/(($-) !M.1>)??)?!'-0 !'.) !M.10$>)0!95!/(($-) !

'-0 !-1- J/(($-) !>)%%?!1,!8G)!G$('- !91053!WG)5!'.) !/-F1%F)0!/- !/-0$>/-7 !7.1U8G@!

M.1%/,).'8/1-!'-0 !0/,,).)-8/'8/1- !1,!-1.('% !>)%%?!/- !/-,%'(('8/1- !'-0 !8$(1./7)-)?/?3 !!

:581^/-)? !'.) !>)%%J?/7-'%/-7!(1%)>$%)?!8G'8!'/0 !/- !>)%%!81!>)%%!>1(($-/>'8/1- !/- !

/(($-) !.)?M1-?)?!'-0 !?8/($%'8)!8G)!(1F)() -8!1,!>)%%?!81U'.0?!?/8)?!1,!

/-,%'(('8/1-@ !/-,)>8/1- !'-0 !8.'$(' !95!9/-0/-7 !81!?M)>/,/>!.)>)M81.?!1- !8'.7)8!>)%%?3!

:581^/-)? !G'F) !0/,,).)-8 !M.1M).8/)?i!8G)5!'.) !M%)/18.1M/>@!G'F/-7 !0/,,).)-8 !),,)>8?!1- !

0/,,).)-8 !>)%%?@!8G)5!>'- !'%?1!U1.^ !/- !?5-).75 !U/8G!)'> G!18G).!1. !'-8'71-/c) !1-) !

'-18G).3!='?)0 !1- !?8.$>8$.'%!G1(1%175@!8G)5!>'- !9) !0/F/0)0!/-81!?/Z!('`1. !>581^/-)!

.)>)M81.!7.1$M?*!R7!.)>)M81.!7.1$M@!/-8).,).1- !.)>)M81.!7.1$M@!W&#!.)>)M81.!7.1$M@!

>G)(1^/-) !.)>)M81.!7.1$M@!WN#!.)>)M81.!7.1$M@!'-0 !G)('81M1/)8/- !.)>)M81.!7.1$M3!

HI\@IDL!+%8G1$7G!' !>%)'.!>%'??/,/>'8/1-!?5?8)( !1,!>581^/-)?!01)?!-18!?))( !81!9) !
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)?8'9%/?G)0@!8G)5!>'- !9) !9.1'0%5!?)M'.'8)0 !'>>1.0/-7 !81!8G)/.!,$->8/1-!H?5?8)(!$?)0!

/- !8G/?!M'M).L!/-81!M.1J/-,%'(('81.5 !'-0 !'-8/ J/-,%'(('81.5 !>581^/-)?3!WG)!

() '?$.)0 !M.)?)->) !1,!>581^/-)?!/?!>1-?/0).)0 !)F/0)->) !1,!'- !1-71/-7 !M.1>)??!/- !8G)!

9105!UG)8G).!.)'>8/-7 !81!/-`$.5 !1. !/-,)>8/1- !.)?$%8/-7!/- !/-,%'(('8/1-3 !HI\ L!

2().7/-7 !%/8).'8$.)!8G.1U?!8G)!%/7G8!1- !8G)!0/'7-1?8/>!F'%$)!1,!8G)!>1-8)(M1.'.5 !

'MM.1'>G!1,!)F'%$'8/-7 !8G)!%)F)%?!1,!>581^/-)?!/- !?'%/F'@!)?M)>/'%%5!/- !8G)!'0F'->/-7 !

,/)%0!1,!1.'%!>'->).@!'-0 !G1U!8G)!F'%$)?!>'- !'/0 !/- !)'.%5!0)8)>8/1-!1,!8G)!0/?)'?) !'? !

U)%%!'? !M.)0/>8/-7!8G)!M.17-1?/?!'-0 !M.17.)??/1-!1,!M.)>'->).1$? !%)?/1-?3!g'8) !

0)8)>8/1-!.)('/-? !' !>G/), !>$%M./8!81!8G)!M11.!M.17-1?/?!1,!1.'%!?h$'(1$? !>)%%!

>'.>/-1('@ !8G$?!$8/%/c/-7!9105!,%$/0?!%/^)!9%110!'-0 !?'%/F'!'? !M.)0/>8/F)!0/'7-1?8/>!

811%?!/?!)??)-8/'%!,1. !)'.%5!0)8)>8/1-!'-0 !'- !/(M.1F)0 !M.17-1?/?!'-0 !h$'%/85!1,!%/,)!1,!

M'8/)-8?3!HIPL!<1() !1,!8G)!(1?8 !.)M)'8)0%5!/-F)?8/7'8)0!M.1J/-,%'(('81.5 !>581^/-)?!

/- !?'%/F'!'.) !RgJP@!RgJ\@!RgJCj !'-0 !W&#Jk3!WG)5!'.) !'??1>/'8)0!U/8G!0/,,).)-8 !1.'%!

0/?)'?)?@!%/^)!M)./101-8'%!0/?)'?) !'-0 !1.'%!>'->).3 !HdBL!X- !8G)!18G).!G'-0@!RgJCB@!RgJ

d!'-0 !RgJCQ+!'.) !)Z'(M%)?!1,!'- 8/J/-,%'(('81.5 !>581^/-)?!8G'8!G'F) !9))- !( )'?$.)0 !

/- !?'%/F'!'-0 !?).$(3 !HdCL!WG)!%)F)%!1,!M.1J/-,%'(('81.5 !>581^/-)?!>'- !9) !)%)F'8)0!/- !

' !-$(9). !1,!/(($-1%17/>'%!0/?)'?)? !'? !U)%%!/-,%'(('81.5 !>1-0/8/1-?3!HIPL!!

+?!()-8/1-)0 !'91F)@!8G)!%)F)%?!1,!>581^/-)?!>'- !9) !$?)0!81!'??)??!%/,)?85%)!

M'.'()8).? !%/^)!?(1^/-73 !Q)?)'.>G!G'?!?G1U-!' !?/7-/,/>'-8 !0/,,).)->) !/- !8G)!RgJC!Q+'

>1->)-8.'8/1-? !9)8U))- !?(1^).? !'-0 !-1- J?(1^).?3 !HdAL!&$().1$? !)F/0)->) !

0)(1-?8.'8)? !8G)!.)%'8/1-?G/M!9)8U))- !?(1^/-7 !'-0 !M)./101-8'%!0/?)'?)3!R8!/?!

^-1U- !8G'8!?(1^/-7 !'0F).?)%5!',,)>8?!8G)!G1?8!>)%%?!'9/%/85!81!.)?M1-0!81!

/-,%'(('81.5 !>1-0/8/1-?@!'-0 !8G$?!>1-8./9$8)?!81!8G)!)Z'>).9'8/1- !1,!M)./101-8'%!
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0/?)'?)3!Q)?)'.>G!?G1U?!'- !/->.)'?) !/- !8G)!%)F)%?!1,!>581^/-)?!RgJC@!RgJA@!RgJP@!RgJ\ !

'-0 !W&#Jk!/- !8G)!7/-7/F'%!>.)F/>$%'.!,%$/0!HN:#L!1,!M'8/)-8?!U/8G!M)./101-8'%!

0/?)'?)? !>1(M'.)0 !81!M'8/)-8?!U/8G!7/-7/F/8/?!'-0 !G)'%8G5!>1-8.1%?3!HdA@dIL!WG)!

.)?$%8?!1,!'-18G). !?8$05!1- !M'8/)-8?!U/8G!>G.1-/>!M)./101-8/8/?!?$77)?8!8G'8!8G)!%)F)%!

1,!RgJC!/?!>%1?)%5!.)%'8)0!81!8G)!?)F)./85!1,!M)./101-8'%!0/?)'?)3!R8!'%?1!?G1U?!' !>%)'.!

/-F).?) !.)%'8/1-?G/M!9)8U))- !8G)!>1->)-8.'8/1-? !1,!RgJC!'-0 !RgJCB3!R8!%11^)0!'8!8G)!

?(1^/-7 !?8'8$?!1,!8G)!M'8/)-8!' ?!U)%%!'-0 !,1$-0 !8G'8!8G)!%)F)%?!1,!RgJC!U).) !,1$-0 !81!

9) !G/7G).!/- !8G)!7/-7/F'%!>.)F/>$%'.!,%$/0!1,!?(1^).?@!UG/%)!8G)!%)F)%?!1,!RgJCB!U).) !

G/7G).!'(1-7 !8G)!G)'%8G5!>1-8.1%?3!HddL!R-!' !?8$05!1,!?'%/F'.5!9/1('.^).? !/- !

?(1^).?@!8G)!%)F)%?!1,!?'%/F'.5!W&#Jk!G'0!' !M1?/8/F)!>1..)%'8/1-!U/8G!8G)!'(1$-8 !1,!

>/7'.)88)?!?(1^)03 !;1.)1F).@ !8G)!()0/'- !RgJC!>1->)-8.'8/1- !U'? !I3P!8/()? !G/7G).!/- !

8G)!?(1^) . !8G'-!8G)!-1- J?(1^). !7.1$M3!HI] L!</(/%'.%5!8G)!%)F)%?!1,!RgJP@!RgJd@!RgJC!

'-0 !RgJ\ !?G1U)0!?8'8/?8/>'%!?/7-/,/>'->) !UG)- !>1(M'.)0 !9)8U))- !?(1^).? !'-0 !-1- J

?(1^).? !'? !U)%%!'? !M'8/)-8?!U/8G!M)./101-8'%!0/?)'?) !F).?$?!G)'%8G5!>1-8.1%?@!/- !

'-18G). !?8$05!1,!8G) !7/-7/F'%!>.)F/>$%'.!,%$/03!Hd]L!

WG)!>581^/-)?!'??)??)0!/- !8G)!M.)?)-8!?8$05!'.) !?$(('./c)0 !/- !8G)!,1%%1U/-7!8'9%)@!

UG/>G!G'?!9))- !'0'M8)0 !,.1( !G88M*ssUUU3>)%%?J8'%^3>1(!

!

!

!

!

!

!
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!

W'9%)!C*!:581^/-)? !!

Cytokine' Production' Biologic Activities and Functions'

 

 

IL-1 '

 
¥ Produced by monocytes, 
macrophages, neutrophils, 
endothelial cells, fibroblasts, 
smooth muscle cells, 
keratinocytes, 
Langerhans cells of the skin, 
osteoclasts, astrocytes, epithelial 
cells of the thymus and the 
cornea, T-cells, B-cells, NK-
cells. 
 
¥ Production stimulated by TNF-
!,  IFN-!,  IFN-"  and IFN- #, 
bacterial endotoxins, viruses and 
antigens 
 
!

 
¥ Chemo-attractant for leukocytes, stimulation 
of T-helper cells (IL-2 secretion), proliferation 
of B cells, $ B-cell responsiveness to IL-5, 
proliferation and activation of NK-cells and 
fibroblasts, thymocytes, glioblastoma cells. 
 
¥ Enhances the metabolism of arachidonic acid 
(prostacyclin and PGE2) in inflammatory cells 
(fibroblasts, synovial cells, chondrocytes, 
endothelial cells, hepatocytes, and osteoclasts) 
 
¥ Increased secretion of inflammatory proteins 
such as neutral proteases (collagenase, elastase 
and plasminogen activator). Antagonizes the 
effects of TGF-"  on the extracellular matrix 
 
¥ Promotion of wound healing (angiogenesis, 
proliferation of fibroblasts, neutrophil 
chemotaxis) 
 
¥ Significantly increased in the periodontal 
tissues and gingival fluid from diseased sites, 
compared with healthy sites  
 
 ¥  IL-1" up-regulates matrix 
metalloproteinases and down-regulates tissue 
inhibitors of metalloproteinase production  
 
¥ Powerful and potent bone-resorbing cytokine  
 
 
¥ IL-1RAÕs only known function is to bind to 
IL-1 receptors, blocking IL-1 and preventing 
signal transduction. !

!
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W'9%)!C!:1-8/-$)0 !

Cytokine' Production' Biologic Activities and Functions'

IL-6' ¥ Produced by 
monocytes, fibroblasts, 
and endothelial cells. 
 
Macrophages, T-cells 
and B lymphocytes, 
granulocytes, smooth 
muscle cells, 
eosinophils, 
chondrocytes, 
osteoblasts, mast cells, 
glial cells, and 
keratinocytes. 
 
¥ Production induced by 
IL-1, bacterial 
endotoxins, TNF 
 
In fibroblasts the 
synthesis of IL-6 is 
stimulated by IFN-",  
TNF-!,  PDGF, and viral 
infections 
IL-6 can also stimulate 
or inhibits its own 
synthesis, depending 
upon the cell type. In 
epithelial, endothelial, 
and fibroblastic cells 
secretion of I-L6 is 
induced by IL-17 
 
¥ Production inhibited by 
Glucocorticoids, 
IL-4, and TGF-beta.!

¥ Pleiotropic cytokine influencing antigen specific 
immune responses and inflammatory reactions 
 
¥ B-cell differentiation factor in vivo and in vitro and an 
activation factor for T-cells 
 
¥ In the presence of IL-2, IL-6 induces the 
differentiation of mature and immature T-cells into 
cytotoxic T-cells 
 
¥ IL-6 also induces the proliferation of 
thymocytes and probably plays a role in the 
development of thymic T-cells 
 
¥ IL-6 is capable of inducing the final maturation of B-
cells into immunoglobulin secreting plasma cells if  the 
cells have been pre-activated by IL-4 
 
¥ In B-cells IL-6 stimulates the secretion of antibodies 
 
¥ Contributes to the terminal differentiation of B-
lymphocytes to plasma cells and stimulates secretion of 
immunoglobulin (Ig)A and IgG  
 
¥ Smoking causes a depression of IgG and possibly IgA 
production in serum  
 
¥ Induces bone resorption, both by itself and in 
conjunction with other bone-resorbing agents !
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W'9%)!C!:1-8/-$)0 !

 

Cytokine' Production' Biologic Activities and Functions'

IL-8' ¥ Produced by 
monocytes, T-
lymphocytes, 
macrophages, 
fibroblasts, 
endothelial cells, 
keratinocytes, 
melanocytes, and 
chondrocytes 
 
¥ Production is 
stimulated by IL-1 
and TNF-!  
 
¥ Production 
inhibited by 5' 
lipoxygenase, and 
vitamin D3.!

¥ Chemotactic for all known types of migratory immune 
cells 
¥ Differs from all other cytokines in its ability to specifically 
activate neutrophil granulocytes 
 
¥ Inhibits histamine release from human basophils induced 
by histamine releasing factors, CTAP-3 (connective tissue 
activating protein-3), and IL-3 
 
¥ Antagonizes IgE production by human Bcells. 

¥ Supports angiogenesis and may play a role in disorders 
such as rheumatoid arthritis, tumor growth, and wound 
healing that critically depend on angiogenesis 
 
¥ Powerful chemotactic functions for poly-morpho-nuclear 
leukocytes but also for lymphocytes and macrophages 
 
¥ Is a potent mediator of granulocyte accumulation at the 
sites of inflammation 
!
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W'9%)!C!:1-8/-$)0 !

Cytokine' Production' Biologic Activities and Functions'

IL-10' ¥ Produced by T-cells 
(Th2 cells but not 
Th1 T-helper cells), 
B-cells, and 
keratinocytes 
 
¥ Production is 
inhibited by IL-4!

¥ Potent and specific T-cell chemo-attractant 
¥ Inhibits the synthesis of a number of cytokines such as 
IFN-#, IL-2 and TNF-"  in Th1 T-helper sub-populations of 
T-cells but not of Th2 T-helper cells 
 
¥ This activity is antagonized by IL-4 
 
¥ In the human system, IL-10 is produced by, and down-
regulates the function of, Th1 and Th2 cells 
 
¥ In macrophages stimulated by bacterial 
lipopolysaccharides, IL-10 inhibits the synthesis of IL-1, 
IL-6 and TNF-!  
 
¥ In human monocytes IFN-# and IL-10 antagonize each 
other's production and function.  
 
¥ IL-10 has been shown also to be a physiologic antagonist 
of IL-12 
 
¥ IL-10 acts as a co-stimulator of the proliferation of mast 
cells (in the presence of IL-3 and/or IL-4) and peripheral 
lymphocytes.!
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W'9%)!C!:1-8/-$)0 !

Cytokine' Production' Biologic Activities and Functions'

Tumor 
Necrosis 
Factor-
Alpha 
(TNF-!)'

¥ Produced by 
macrophages, 
monocytes, 
neutrophils, T-cells, 
NK-cells, astrocytes, 
microglial cells, 
smooth muscle cells, 
and fibroblasts 
 
¥ Production 
stimulated by 
interferons, IL-2, 
Bradykinin, immune 
complexes, inhibitors 
of cyclooxygenase 
and platelet 
activating factor 
 
¥ Production 
inhibited by 
IL-6, TGF-",  vitamin 
D3, prostaglandin 
E2, dexamethasone,  
Cyclosporin A, and 
antagonists of 
platelet activating 
factor.!

¥ Inhibits anti-coagulatory mechanisms and promotes 
thrombotic processes and therefore plays an important role 
in pathological processes such as venous thromboses, 
arteriosclerosis, vasculitis, and disseminated intravasal 
coagulation 
 
¥ Potent chemo-attractant for neutrophils and also increases 
their adherence to the endothelium 
 
¥ Inhibits the growth of endothelial cells in vitro and is a 
potent promoter of angiogenesis in vivo 
 
¥ In resting macrophages TNF induces the synthesis of IL-
1 and prostaglandin E2 
¥ Stimulates phagocytosis and the synthesis of superoxide 
dismutase in macrophages 
¥ Activates osteoclasts and thus induces bone resorption 
¥ Stimulates the expression of class 1 and II  
HLA and differentiation antigens, and the production of 
IL-1, colony stimulating factors, IFN-#, arachidonic acid 
metabolism 
¥ Stimulates the biosynthesis of collagenases in endothelial 
cells and synovial cells 
¥ Stimulates fibroblasts, including gingival fibroblasts, to 
produce collagenase which is implicated in the tissue 
destruction of periodontal disease and to stimulate bone 
resorption 
¥ Activates monocytes and stimulates the production of IL-
1" and platelet activating factor  

 
!
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Chapter (2) 
&36./:340'327'&.6A170 '!!

<8$05!K1M$%'8/1-*!

WG/?!M/%18!?8$05!U'? !>1-0$>8)0!1- !' !?'(M%)!1,!Pd!M'8/)-8?@!.)>.$/8)0 !,.1( !8G)!

E-/F).?/85!1,!;'.5%'-0 !<>G11%!1,!6)-8/?8.53!WG)!?8$05!M.181>1%!'-0 !8G)!M'8/)-8!

>1-?)-8!,1.(? !U).) !'MM.1F)0!95!8G)!R-?8/8$8/1-'%!Q)F/)U!=1'.0@!'-0 !'%%!M'.8/>/M'-8?!

U).) !7/F)- !' !U. /88)-!/-,1.()0 !>1-?)-8!,1.( !'? !U)%%!'? !' !>1M5!1,!8G)!VRKK+!

o'$8G1./c'8/1- !81!198'/- !'-0 !$?)!M.18)>8)0!G)'%8G!/-,1.('8/1-p !,1.(3 !X-%5!?$9`)>8?!

UG1!'7.))0 !81!8'^) !M'.8!/- !8G)!?8$05!'-0 !?/7-)0 !8G)!>1-?)-8!,1.(? !U).) !?)%)>8)0!81!

M'.8/>/M'8)3!WG)!6)M'.8()-8 !1,!R-,1.('8/1- !W)>G-1%175!M.1F/0)0!/0)-8/,/>'8/1- '

-$(9).? !1,!'>8/F)!M'8/)-8?!'88)-0/-7 !E;= !6)-8'%!<>G11%!UG1!'-?U).)0 !/- !8G)!

',,/.('8/F) !81!8G)!)%)>8.1-/>J>/7'.)88)J?(1^/-7 !h$)?8/1-!1- !8G)!()0/>'% !G/?81.5',1.( !

/- !+Z/$(@!'? !U)%%!'? !>/7'.)88)!?(1^).? !'-0 !-1- J?( 1^).? !UG1!0)-/)0 '?(1^/-7 '/- !

8G)/.!G/?81.53!WG)!?$9`)>8?!U).) !0/F/0)0!/-81!d!7.1$M?*!!

W'9%)!A*!<$9`)>8?'

L' &1- J?(1^).? !HM)1M%)!UG1!0)-5 !?(1^/-7 !95!G/?81.5!1. !G'F) !?(1^)0 !1F). !P!

(18G?!'71 !9$8!'.) !-18!>$..)-8%5!?(1^/-7L !

M' :/7'.)88) !?(1^).? !H>$..)-8!?(1^).?L !!

N' ;/Z)0 !) J>/7'.)88)!$?).?!'-0 !>/7'.)88)!?(1^).? !H?$9`)>8?!UG1!G'F) !'-?U).)0 !

o5)?p!81!918G!) J>/7'.)88)!'-0 !>1-F)-8/1-'%!>/7'.)88)!h$)?8/1-?!'-0 !'.) !$?/-7!

918GL!

O' 2Z>%$?/F)!) J>/7'.)88)!$?).?!
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R-,1.('8/1- !'91$8!8G)!M'8/)-8?m!M)./101-8'%!?8'8$?!'? !U)%%!'? !7)-).'% !G)'%8G!U'? !

.)F/)U)0 !,.1( !8G)!)%)>8.1-/>!G)'%8G!.)>1.0?3!K'.8/>/M'-8?!U).) !'?^)0 !81!.)?M1-0!81!

' !?G1.8!h$)?8/1--'/.) !81!>1%%)>8!/-,1.('8/1- !'91$8!8G)/.!?(1^/-7 !G/?81.5@!8G)!$?)!1,!

)%)>8.1-/>J>/7'.)88)?!'? !U)%%!'? !18G).!0)(17.'MG/> !0'8'3!WG)!?'(M%)!>1-?/?8)0!1,!Pd!

M'8/)-8?3!WG)!'7) !.'-7) !U'? !9)8U))- !C\J\] !5)'.?3!WG)!/->%$?/1-!>./8)./' !,1. !

?)%)>8/-7!8G/?!?'(M%)!U).)* !!

¥ +>8/F)!M'8/)-8!'8!8G)!E-/F).?/85!1,!;'.5%'-0@!<>G11%!1,!6)-8/?8.5!

¥ +0$%8!(' %)?!1. !,)('%)? !C\ !81!\] !5)'.? !1,!'7) !

¥ <$9`)>8?!UG1!G'F) !'-?U).)0 !8G)!?(1^/-7 !h$)?8/1-?!/- !8G)!)%)>8.1-/>!G)'%8G!

.)>1.0? !/- !8G)!',,/.('8/F)@ !-)7'8/F)@!1. !) J>/7'.)88)!$?)!

WG)!)Z>%$?/1-!>./8)./' !H0)8).(/-)0 !,.1( !8G)!'F'/%'9%)!0) J/0)-8/,/)0 !0'8'L !U).)* !

¥ 20)-8$%1$?!M'8/)-8?!'-0 !M'8/)-8?!U/8G!%)??!8G'-!AB!8))8G!

¥ <$9`)>8?!U/8G!7.1??!1.'%!M'8G1?)?@!/->%$0/-7!U/0)?M.)'0 !>'./)? !1. !>G.1-/>!

-)7%)>8@!)Z8)-?/F) !.)?81.'8/1-@!M.)J)Z/?8/-7!7.1??!M%'h$)!'-0 !>'%>$%$?@!1. !?1,8!

1. !G'.0 !8/??$)!8$(1.? !1,!8G)!1.'%!>'F/85!

¥ <$9`)>8?!U/8G!'0F'->)0 !'>8/F)!M)./101-8/8/?!'? !/-0/>'8)0 !95!7.1??!(19/%/85!1. !

?$MM$.'8/1-!>%/-/>'%%5!19?).F)0 !

¥ V/?81.5!1,!?)F).) !?5?8)(/>!0/?)'?) !1. !.)>)-8 !()0/>'8/1- !$?)!

<'%/F'!:1%%)>8/1-!'-0 !+-'%5?/?*!

:$..)-8%5@!8G).)!/?!-1 !$-/F).?'%%5!'>>)M8)0!8)>G-/h$)!,1. !?'%/F'!?'(M%)!>1%%)>8/1-3!

HII L!R-!1.0). !81!'%%)F/'8)!?1() !1,!8G)!/-G).)-8 !F'./'9/%/85!0$./-7 !?'(M%)!>1%%)>8/1-@!' !

?)8!1,!?8'-0'.0 !7$/0)%/-)?!U'? !>.)'8)0 !'-0 !U'? !$?)0!.)M)'8)0%5!8G.1$7G1$8!8G)!
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>1%%)>8/1-!M)./103!WG)!.)?)'.>G). !U'? !8.'/-)0 !'-0 !M).,1.()0 !8G)!M.1>)0$.) !' !

-$(9). !1,!8/()?@!M./1.!81!8G)!'>8$'%!?'(M%)!>1%%)>8/1-@!81!)-?$.) !>'%/9.'8/1-3!

:1-?/?8)->5 !/- !8G)!8/() !1,!>1%%)>8/1-!U'? !'>G/)F)0 !'-0 !'%%!?'(M%)?!U).) !>1%%)>8)0!

0$./-7 !8G)!(1.-/-7 !>%/-/>'%!?)??/1-?3!K./1. !81!>1%%)>8/1-@!?$9`)>8?!U).) !'?^)0 !81!./-?) !

U/8G!U'8). !81!>%)'-!8G)!1.'%!>'F/85!'-0 !'F1/0 !8G)!M.)?)->) !1,!>1-8'(/-'-8?3 !<$9`)>8?!

U).) !'?^)0 !81!.),.'/- !,.1( !)'8/-7 !1. !?(1^/-7 !'8!%)'?8!A!G1$.?!M./1.!81!8G)!?' %/F'!

>1%%)>8/1-!'MM1/-8()-83!HI]@dP@d[L!

<8/($%'8)0!UG1%)!H(/Z)0L!?'%/F'!U'? !>1%%)>8)0!1F). !'- !'MM.1Z/('8)%5!CJAJ(/-$8) !

8/() !M)./103!<'%/F'!>1%%)>8/1-!U'? !M).,1.()0 !$?/-7!8G)!<'.?8)08m?!<'%/F)88)!?5?8)(3!

WG)!<'%/F)88)!M.1F/0)?!'- !1M8/('%!()8G10 !,1. !G57/)-/> !>1%%)>8/1-!1,!?'%/F'3!Hd\L!#1.!

?'%/F'!>1%%)>8/1-@!8G)!<'%/F)88)!/?!'F'/%'9%)!U/8G!0/,,).)-8 !?U'9 !1M8/1-?3!'#1.!8G/?!

?8$05'' !M%'/-!>1881-!?U'9 !U'? !>G1?)-3!WG)!?U'9 !U'? !.)(1F)0 !,.1( !8G)!<'%/F)88)!

8$9)!'-0 !8G)!M'8/)-8?!M%'>)0!8G)!?U'9 !/- !8G)/.!(1$8G?!'-0 !>G)U)0!/8!,1. !'91$8!CJA!

(/-$8)? !81!?8/($%'8)!?'%/F'3!WG)!?U'9 !U/8G!8G)!'9?1.9)0 !?'%/F'!/?!8G)-!.)8$. -)0 !81!

8G)!<'%/F)88)!8$9)!UG)- !8G)!?U'9 !U'? !>1(M%)8)%5!?1'^)03!Hd\@dDL!

:)-8./,$7'8/1- !U'? !M).,1.()0 ',1. !A!(/-$8)? !'8!C@BBB!Z!7!UG/>G!5/)%0)0!' !>%)'.!?'%/F'!

?'(M%)!/- !8G)!>1-/>'%!8$9)3!K'.8/>%)?!'-0 !($>$? !?8.'-0? !U).) !>1%%)>8)0!/- !8G)!

?M)>/'%%5!0)?/7-)0 !)Z8)-0)0 !8/M!1,!8G)!<'%/F)88)!8$9)3!WG)!>%1?)0!/-?).8 !>1-8'/-/-7 !

8G)!?U'9 !U'? !8G)-!G57/)-/>'%%5!0/?M1?)0!1,3!!WG)!.)>1F).)0 !?'%/F'!U'? !$?)0!,1. !

'-'%5?/?3!WG)!?$M).-'8'-8? !U).) !'%/h$18)0!'-0 !?81.)0!'8!J\B !: !/-81!CJ(g !_1%$()?3!

2'>G!'%/h$18!U'? !?)-8!81!8G)!>581/̂-) !>1.) !%'9!'8!8G)!E-/F).?/85!1,!;'.5%'-0 !<>G11%!

1,!;)0/>/-) !HE; !<X;L !,1. !8G)!'-'%5?/?!1,!8G)!%)F)%?!1,!HW&#Jk@!RgJ\@!RgJP@!RgJCB@!RgJ

C=@!RgJCQ+!'-0 !:QKL!$?/-7!)-c5() J%/-^)0!/(($-1?1.9)-8 !'??'5 !H2gR<+L3!WG)!E; !
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<X; !:581^/-) !:1.) !g'91.'81.5 !H::gL!/?!'- !'>'0 )(/> J9'?)0@!,)) !,1. J!?).F/>)!

%'91.'81.5!0)0/>'8)0 !81!M.1F/0/-7!' !G/7GJh$'%/85@!%1UJ>1?8!>581^/-)@!>G)(1^/-) !'-0 !

7.1U8G!,'>81.!()'?$.)()-8 !?).F/>)!,1. !918G!/-8.'($.'% !'-0 !)Z8.'($.'% !

/-F)?8/7'81.?3!WG)!::gm?!1M).'8/-7 !(10)%!$8/%/c)?!2gR<+!'-0 !($%8/'-'%58)!'? ?'5?!

Hg$(/-)Z !8)>G-1%175L!8G'8!'.) !>1-?8.$>8)0!'-0 !1M8/(/c)0!/- JG1$?)!$?/-7!/-0/F/0$'%!

G/7GJh$'%/85!>1(().>/'% !.)'7)-8?@!.'8G). !8G'-!M.)JM'>^'7)0 !̂ /8?3!WG)!::g !>$..)-8%5!

198'/-? !/(($-1%17/> !.)'7)-8? !,.1( !,/F)!0/,,).)-8 !F)-01.?@!UG/>G!M.1F/0)?!8G)!

,%)Z/9/%/85!81!>G11?)!8G)!9)?8!M).,1.(/-7 !.)'7)-8 !>1(9/-'8/1-? !'-0 !1M8/(/c)!)'>G!

>581^/-)!'??'53!WG/?!1M).'8/-7 !(10)%!'%?1!'F1/0?!0)M)-0)->) !1- !' !?/-7%)!F)-01.@!

?G1$%0!M.19%)(?!U/8G!.)'7)-8 !0)%/F).5!1. !h$'%/85!>1-8.1%!'./?)3 !2F).5 !),,1.8!U'? '

('0) !81!>1-8/-$) !$?/-7!8G)!?'() !.)'7)-8? !,1. !)'>G!'??'5 !81!M.1F/0)!G/7G!/-8). J'??'5 !

.)M.10$>/9/%/85!1F). !8/()3!:.1?? J%18!H'-0 !/,!-)>)??'.5 !>.1??J?$MM%/).L!

F'%/0'8/1-s>'%/9.'8/1-!1,!.)'7)-8? !U'? !.1$8/-)%5!M).,1.()03 !WG)!$?)!1,!.1918/>?!81!

?)8!$M!'??'5? !/-?$.)? !G/7G!M.)>/?/1-!'-0 !G/7G!8G.1$7GM$83!

!

2gR<+*!

t$'-8/,5/-7 !>581^/-)?!>'- !9) !'>G/)F)0 !$?/-7!' !-$(9). !1,!()8G10?@!G1U)F).@!2gR<+!

/?!$?$'%%5!8G)!1M8/1-!1,!>G1/>)!/- !(1?8 !?8$0/)?!/- !8G)!%/8).'8$.)3!<'-0U/>G!2gR<+@!/?!

1-) !85M)!1,!2gR<+!M.1F)- !81!G'F) !' !G/7G!?)-?/8/F/85!'-0 !?M)>/,/>/85!.'8)? !,1. !0)8)>8/-7!

'-0 !()'?$./-7 !>581^/-)!%)F)%?3!<'-0U/>G!2gR<+!>'- !()'?$.) !MG5?/1%17/>'%%5!

.)%)F'-8!>1->)-8.'8/1-? !1,!' !?M)>/,/>!>581^/-)!u!] JCB!M7s(%3!H]BL!

2Z'(/-'8/1- !1,!X.'%!:'F/85*!
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6$) !81!8G)!8/() !>1-?8.'/-8?!'-0 !-'8$.) !1,!8G)!?'%/F'!>1%%)>8/1-!M.1>)0$.) !9)/-7 !01-) !

0$./-7 !8G)!M'8/)-8?m!0)-8'%!'MM1/-8()-8?@!/8!U'? !-18!M1??/9%)!81!M).,1.( !' !

>1(M.)G)-?/F) !1.'%!)Z'(/-'8/1- !1- !)'>G!?$9`)>8!'8!8G)!8/() !1,!?'%/F'!>1%%)>8/1-3!

V1U)F). !'- !1F).'%%!)F'%$'8/1-!1,!8G)!M)./101-8'%!?8'8$?!$?/-7!8G)!7/-7/F'%!/-0)Z !'-0 !

8G)!M%'h$)!?>1.)!U'? !M).,1.()03 !X.'%!?1,8!8/??$)?!U).) !)F'%$'8)0!,1. !?/7-?!1,!

?%1$7G/-7@!).58G)('@!$%>).'8/1-@!1. !)0)(' !'? !M'.8!1,!?',)85!(1-/81./-73 !

N/-7/F'%!R-0)Z!HNRL*!

WG).)!'.) !' !-$(9). !1,!M.1M1?)0!7/-7/F'%!/-0/>)?!8G'8!h$'-8/8'8/F)%5!'??)??!8G)!?8'8)!

1,!1.'%!G57/)-) !'-0 !7/-7/F'%!G)'%8G3!+- !),,/>/)-8 !/-0)Z !?5?8)( !/?!0)?>./9)0 !/- !8G)!

%/8).'8$.)!81!9) !h$/> !̂'-0 !)'?5 !81!$?)@!U/8G!(/-/('% !/-?8.$()-8'8/1-3 !

Q)M.10$>/9/%/85!'-0 !8G)!'9/%/85!81!'>>$.'8)%5!.),%)>8!8G)!0)7.)) !1,!M'8G1%175!'.) !

'(1-7 !8G)!>./8)./' !1,!'- !),,/>/)-8 !/-0)Z3!H]C@]AL!WG)!$?$'%!M'.'()8).? !1,!8G)!7/-7/F' !

1- !UG/>G!(1?8 !/-0/>)?!'.) !9'?)0 !/->%$0)*!7/-7/F'%!>1%1.!H.)0-)??L@!7/-7/F'%!>1-81$.@!

7/-7/F'%!9%))0/-7@!'-0 !7/-7/F'%!?8/MM%/-73!WG1?)!,)'8$.)? !>'- !9) !)F'%$'8)0!)/8G).!

/-F'?/F)%5!$?/-7!/- ?8.$()-8'8/1- !1. !-1- J/-F'?/F)%5!$?/-7!F/?$'%!)Z'(/-'8/1-3 !+- !

/-0)Z !9'?)0 !1- !-18/-7 !8G)!M.)?)->) !1. !'9?)->) !1,!/-,%'(('8/1- !/- !8G)!7/-7/F' !/?!

M.1F)- !81!9) !' !$?),$%!'MM.1'>G!/- !>%/-/>'%!?8$0/)?3!WG/?!/-0)Z !U1$%0!9) !?/(M%)!81!

'MM%5@!.)M.10$>/9%)!'-0 !U1$%0!.)h $/.) !%/88%)!)Z'(/-). !8.'/-/-73 !R8!/?!/(M1.8'-8 !81!

()-8/1- !8G'8!8G).)!/?!-1 !$-/F).?'%%5!'>>)M8)0!/-0)Z !81!()'?$.) !7/-7/F'%!

/-,%'(('8/1-@ !9$8!' !-$(9). !1,!/-0/>)?!G'F) !9))- !M.1F)- !81!?$>>)??,$%%5!.)M.)?)-8 !

8G)!7/-7/F'%!>1-0/8/1-3!H]I@]dL!R-!8G/?!.)?)'.>G@!8G)!</%-)??Jgr ) !7/-7/F'%!/-0)Z !U'? !

$?)0!'? !' !()'?$.) !1,!7/-7/F'%!>1-0/8/1-3!WG)!</%-)??Jgr ) !7/-7/F'%!/-0)Z !/?!' !

h$'%/8'8/F)!'??)??()-8 !1,!7/-7/F'%!/-,%'(('8/1-3 !R8!/?!9'?)0 !1- !'??)??/-7 !8G)!818'%!



!

26 
  

>/.>$(,).)->) !1,!8G)!('.7/-'% !'-0 !/-8).M.1Z/('% !7/-7/F' !1,!)'>G!8118G!'-0 !'??/7-/-7 !

' !-$(9). !81!)'>G!?$.,'>) !1- !' !?>'%)!1,!BJI !0)M)-0/-7 !1- !?)F)./853!!+,8). !0)?/7-'8/-7 !

' !?>1.)!81!)'>G!1,!8G)!,1$. !?$.,'>)? !1,!8G)!8118G!H9)/-7!9$>>'%@!%/-7$'%@!()?/'% !'-0 !

0/?8'%L@!8G)!7/-7/F'%!/-0)Z !1,!)'>G!8118G!/?!>'%>$%'8)0!95!'00/-7 !8G)!?>1.)?!1,!8G)!,1$. !

'.)'? !'-0 !8G)-!0/F/0/-7!8G)!?$( !95!,1$.3!WG)!0)7.)) !1,!7/-7/F'%!/-,%'(('8/1- !/?!

.)>1.0)0 !1- !'- !1.0/-'%!?>'%)!1,!BJI !'? !,1%%1U?!H]] L*!!

W'9%)!I* !R-,%'(('8/1- !<>1.)?!

P' Q1/=34 'F:2F:@3'

L' ;/%0!/-,%'(('8/1- !Y!?%/7G8!>G'-7) !/- !>1%1.!'-0 !?%/7G8!)0)(' !9$8!-1 !9%))0/-7!

1- !M.19/-7!

M' ;10).'8) !/-,%'(('8/1- !Y!.)0-)??@!)0)(' !'-0 !7%'c/-7@!9%))0/-7!1- !M.19/-7!

N' <)F).) !/-,%'(('8/1- !Y!('.^)0 !.)0-)?? !'-0 !)0)('@ !$%>).'8/1-!U/8G!

8)-0)->5 !81!?M1-8'-)1$?!9%))0/-73!

!
!
!

W1!>'%>$%'8)!8G)!N/-7/F'%!R-0)Z!1,!8G)!/-0/F/0$'%@!8G)!F'%$)?!1,!)'>G!8118G!'.) !'00)0 !

'-0 !8G)-!0/F/0)0!95!8G)!-$(9). !1,!8))8G3!WG)!.)?$%8/-7!?>1.)?!'.) !'??/7-)0 !

'>>1.0/-7 !81!8G)!,1%%1U/-7!8'9%)!H]dL*!

W'9%)!d*!N/-7/F'%!R-0)Z!

P,LRL,P'' ';/%0!/-,%'(('8/1- !!

L,LRM,P'' !;10). '8) !/-,%'(('8/1- !!

M,LRN,P'' !<)F).) !/-,%'(('8/1- !

!
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!

!

=;R !H=105!;'?? !R-0)ZL*!

+>>1.0/-7!81!8G)!:6:@!o8G)!=105!;'?? !R-0)Z!H=;RL!/?!' !()'?$.) !1,!U)/7G8!'0`$?8)0!

,1. !G)/7G8@!>'%>$%'8)0!'? !U)/7G8!/- !̂ /%17.'(? !0/F/0)0!95!8G)!?h$'.) !1,!G)/7G8!/- !

()8).? !H^7s(A!=;R !/?!' !?$..17'8) !()'?$.) !1,!9105!,'8 !9)>'$?) !/8!()'?$.)? !)Z>)??!

U)/7G8!.'8G). !8G'-!)Z>)??!,'8p3!=;R !U'? !>'%>$%'8)0!/- !8G/?!?8$05!$?/-7!8G)!()8G10 !

)ZM%'/-)0!/- !8G)!0/'7.'( !9)%1UD'

K:F8/. 'L!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
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!

!

?636:06:934'*234>0:0'

6'8' !'-'%5?/?!U'? !M).,1.()0 !$?/-7!8G)!<8'8/?8/>'%!K'>^'7) !,1. !<1>/'%!<>/)->) !H<K<<L3!

WG)!MJF'%$)!v!B3B]!U'? !>1-?/0).)0 !'? !?/7-/,/>'-83!:1-8/-$1$? !F'./'9%)?!U/%%!9) !

M.)?)-8)0 !'? !()'-@ !()0/'- !'-0 !?8'-0'.0 !0)F/'8/1- !H<6L!'-0 !>'8)71./>'%!F'./'9%)?!'? !

,.)h$)->/ )?3!WG)!0/?8./9$8/1-?!U).) !-1.('%/c)0 !$?/-7!8G)!U/-?1./c'8/1- !()8G10 !

/-8.10$>)0 !95!b3!O3!6/Z1- !/- !CDPB3!WG/?!()8G10 !/?!$?)0!81!G'-0%)!M1?/8/F)%5!?^)U)0 !

0/?8./9$8/1-?!U/8G!)Z8.)() !1$8%/).?@!'-0 !)-8'/%?!.)>10/-7 !' !M).>)-8'7) !1,!8G)!81M!'-0 !

91881(!1,!8G)!0/?8./9$8/1-@!?1!8G'8!1$8%/).?!'.) !?)8!81!8G)!-)Z8!G/7G)?8!'-0 !-)Z8!

%1U)?8!F'%$)?!/- !8G)!0/?8./9$8/1-3!K./1. !81!>1-0$>8/-7!'-'%5?)?!81!'??)??!8G)!

.)%'8/1-?G/M?!9)8U))- !?(1^/-7 !?8'8$?!'-0 !8G)!?'%/F'.5!9/1('.^).?@ !8G)!>1-8/-$1$?!

F'./'9%)?!U).) !'??)??)0!,1. !-1.(' %/85!$?/-7!#J?>1.)?!,1.()0 !95!0/F/0/-7!?^)U-)?? !

95!8G)!?8'-0'.0 !)..1. !1,!?^)U-)?? !H<Ts<2L3!<)F).'%!F'./'9%)?!U).) !8)?8)0!,1. !

M18)-8/'%%5!>1-,1$-0/-7 !),,)>8?!1- !8G)!?'%/F'.5!9/1('.^).?3 !K)'.?1- !>1..)%'8/1-?!

U).) !>1-0$>8)0!,1. !8G)!>1-8/-$1$?!F'./'9%)?3!

+!?). /)?!1,!$J8)?8?!U).) !>1-0$>8)0!81!/-F)?8/7'8) !8G)!M18)-8/'%%5!>1-,1$-0/-7 !),,)>8?!

1,!>'8)71./>'%!F'./'9%)?!1- !8G)!?'%/F'.5!9/1('.^).?3 !X-) JU'5 !'-'%5?)?!1,!F'./'->) !

U).) !>1-0$>8)0!1- !)'>G!1,!8G)!?'%/F'.5!9/1('.^).? !81!/-F)?8/7'8) !0/,,).)->)? !

9)8U))- !8G)!,1$. !?(1^/-7 !?8'8$?!7.1$M?3!g)F)-)m?!8)?8?!U).) !>1-0$>8)0!81!/-?$.) !

8G'8!F'./'->)? !0/0!-18!0/,,). !?/7-/,/>'-8%5!'>.1??!8G)!,1$. !7.1$M?3!

!

!
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Chapter (3) 
#.08460D'
!

+!?'(M%)!1,!Pd!0)-8'%!M'8/)-8?!U'? !'0(/-/?8).)0 !' !h$)?8/1--'/.) !.)7'.0/-7 !

>$..)-8 !819'>>1!$?)!'-0 !$?)!1,!) J>/7'.)88)?3!:1->$..)-8%5@!?'%/F'!?'(M%)?!U).) !

>1%%)>8)0!,.1( !8G)!M'8/)-8?!/- !1.0). !81!/-F)?8/7'8) !.)%'8/1-?G/M?!9)8U))- !>/7'.)88)!

$?)!'-0 !?'%/F'.5!9/1('.^).?3 !!:'8)71./>'%!F'./'9%)?!'.) !?$(('./c)0 !/- !W'9%)!]3!WG)!

?'(M%)!U'? !)F)-%5!0/?8./9$8)0!U/8G!.)7'.0 !81!?(1^/-7 !?8'8$?3!<%/7G8%5!(1.) !('%)? !

U).) !.)M.)?)-8)0@!'-0 !' !%/88%)!$-0). !8U1J8G/.0?!1,!8G)!?'(M%)!U).) !1,!:'$>'?/'- !

)8G-/>/853!+!?('%%!-$(9). !1,!M'8/)-8?!HCB3DnL!.)M1.8)0!G'F/-7 !0/'9)8)?3!

W'9%)!] !
%&''()* !+$($,+$,-+!./) !-($01/),-(2 !3(),(420+!

+"#%",-) ' ."$)/0#1 ' 2#)34)(&1 ' !)#&)($ '

?=1I:2F '?63680'    

'' &1!?(1^/-7 !H>1-8.1%L! C] ! AI3d!

 :1-F)-8/1-'% !>/7'.)88)?! C\ ! A\3C!

 2J>/7'.)88)?! C] ! AI3d!

 ;/Z)0 !$?)! CP! A]3B!

S.27./ '    

'' ;'%) ! I[ ! ][3\ !

 #)('%) ! A[ ! dA3A!

+6A2:9:6>'    

'' :'$>'?/'- ! dC! Pd3C!

 +,./>'- J+()./>'- ! CP! A]3B!

 X8G).s;/Z)0 ! [ ! CB3D!

5:3H.6.0 '    

'' f)? ! [ ! CB3D!

'' &1! ][ ! \D3C!

!

!
K./1. !81!>1-0$>8/-7!'-'%5?)?!81!'??)??!8G)!.)%'8/1-?G/M?!9)8U))- !?(1^/-7 !

?8'8$?!'-0 !8G)!?'%/F'.5!9/1('.^).?@ !8G)!>1-8/-$1$?!F'./'9%)?!U).) !'??)??)0!,1. !
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-1.('%/85 !$?/-7!#J?>1.)?!,1.()0 !95!0/F/0/-7!?^)U-)?? !95!8G)!?8'-0'.0 !)..1. !1,!

?^)U-)?? !H<Ts<2L3!+- !<Ts<2!F'%$)!U/8G/-!wsJ!I3AD!U'? !>1-?/0).)0 !/-0/>'8/F) !1,!' !

-1.('% !0/?8./9$8/1-!Hb)?8@!#/->G@!S!:$..'-@ !CDD]L3!<$(('.5 !?8'8/?8/>?!,1. !'%%!

>1-8/-$1$?!F'./'9%)?!'.) !M.)?)-8)0 !/- !W'9%)!P3!+?!?G1U-@!8G)!M'8/)-8?!.'-7)0 !/- !'7) !

,.1( !A\ !81!\I@!U/8G!' !()'- !'7) !1,!]C3PP!wsJ!CP3\C3!WG)!?'(M%)!'%?1!.)M.)?)-8)0 !' !

U/0) !.'-7) !1,!9105!('?? !/-0/>)?!,.1( !C\3D!81!dB3A3!!WG)!=;R !0/?8./9$8/1-!'-0 !8G)!

0/?8./9$8/1-?!,1. !'%%!?'%/F'.5!9/1('.^).? !U).) !?^)U)03!!

W'9%)!P!
%&''()* !+$($,+$,-+!./) !-/5$,5&/&+!3(),(420+!

+"#%",-) ' 5)"( ' 5)6%"( ' 78' 79):()** ' 7; ' 7<=7; ' >' 5%(%?4?' 5"@%?4?'

*F. ' ]C3PP! ]d3]B! CP3\C! B3BA! B3IB! B3B[!  A\3BB! \I3BB!
J&$ ' Ad3[P! Ad3P]! I3D]! C3Pd! B3IB! ]3d[ ! x! C\3DB! dB3AB!
Q'1E')..6A ' AP3AB! A[3BB! A3B[! JB3Dd! B3IB! JI3CP!  AA3BB! A\3BB!
-43T8. ' A3BI! A3BI! B3A\! JB3B\! B3IB! JB3A\!  C3]B! A3[B!
S:2F:@:6:0' C3]d! C3]P! B3dC! B3CI! B3IB! B3dA!  B3IA! A3DA!
-/1 R:2E43==361/>'!>61I:2.0 '       
$%RU'V'/=?A W' CA3PB! B3DA! IP3AC! I3I] ! B3IB! CC3AC! x! B3C\! C][3CC!

$%RX'V'/=?A W' A3dd! C3Bd! D3\A! [3DI! B3IB! AP3]I! x! B3BB! [D3][ !

$%RLY'V'/=?A W' \3]\ ! C3CI! A\3BA! d3PA! B3IB! C]3d]! x! B3BD! C][3CC!

)QKRZ'V'/=?A W' A\3CB! C[3\\ ! AP3\]! C3[]! B3IB! ]3\] ! x! C3AA! CA]3dB!
*26: R:2E43==361/>'!>61I:2.0 '       
$%RLP'V'/=?A W' CDC3BD! CB3]P! PAB3I\! d3][ ! B3IB! C]3AD! x! B3]P! IPI]3PD!

$%RL#* 'V'/=?A W' AP]3[] ! C\D3D\! CDd3P[! A3\I ! B3IB! D3dP! x! \B3II ! CAdC3BB!

          
! R/.396:@.'-/16.:2 '
V'/=?A W'

[P[I3IA ! ]CPB3CP! [\D\3Ad ! C3I\! B3IB! d3PI! x! dAI3]B! A\PDA3Id!

!

x!?^)U)0 !0/?8./9$8/1-?!
!
!

WG)!0/?8./9$8/1-?!U).) !-1.('%/c)0 !$?/-7!8G)!U/-?1./c'8/1- !()8G10 !

/-8.10$>)0 !95!b3!O3!6/Z1- !/- !CDPB3!WG/?!()8G10 !/?!$?)0!81!G'-0%)!M1?/8/F)%5!?^)U)0 !
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0/?8./9$8/1-?!U/8G!)Z8.)() !1$8%/).?@!'-0 !)-8'/%?!.)>10/-7 !' !M).>)-8'7) !1,!8G)!81M!'-0 !

91881(!1,!8G)!0/?8./9$8/1-@!?1!8G'8!1$8%/).?!'.) !?)8!81!8G)!-)Z8!G/7G)?8!'-0 !-) Z8!

%1U)?8!F'%$)?!/- !8G)!0/?8./9$8/1-3!R-!W'9%)![@!8G)!U/-?1./c)0 !F'./'9%)?!'.) !?G1U-@!

'%1-7!U/8G!8G)!<Ts<2!F'%$)?!'-0 !M).>)-8'7) !1,!U/-?1./c'8/1- !>1-0$>8)0!,1. !)'>G!

F'./'9%)3!b/-?1./c'8/1- !U'? !%/(/8)0!81!8G)!(/-/($( !-)>)??'.5 !81!-1.('%/c) !)'>G!

0/?8./9$8/1-3!!!!

W'9%)![ !
%&''()* !+$($,+$,-+!./) !6,5+/),#07!3(),(420+!

+"#%",-) ' 5)"( ' 5)6%"( ' 78' 79): ' 7; ' 7<=7; ' 5%(' 5"@' B >C%(*0#%D"$%0('

J&$ ' Ad3][! Ad3P]! I3A[! B3PB! B3I! A3BC! CD3CB! II3CB! [3\n !

          
-/1 R:2E43==361/>'!>61I:2.0 '        

$%RU'V'/=?A W' C3[D! B3DA! C3]]! B3DP! B3I! I3AB! B3C\! d3dP! C\3\n !

$%RX'V'/=?A W' C3Ad! C3Bd! B3[P! B3\]! B3I! A3\d! B3C]! I3BB! I3Cn!

$%RLY'V'/=?A W' C3PD! C3CI! C3PI! B3\[ ! B3I! A3DA! B3C[! d3PC! C\3\n !

)QKRZ'V'/=?A W' AI3\B! C[3\\ ! CP3d\! B3\P! B3I! A3\[ ! d3BI! ]I3A\ ! C\3\n !

*26: R:2E43==361/>'!>61I:2.0 '        

$%RLP'V'/=?A W' AP3[B! CB3]P! A\3\C! B3Dd! B3I! I3Cd! C3dd! []3]d ! C\3\n !

$%RL#* 'V'/=?A W' AIP3DB! C\D3D\! CBA3Bd! B3[]! B3I! A3]B! CAA3]\! dA]3\C! C\3\n !

          

! R/.396:@.'-/16.:2 '
V'/=?A W'

PAB\3P\! ]CPB3CP! ddCd3A]! B3]B! B3I! C3P[! D[D3ID! CII]B3A\ ! C\3\n !

!

!!
<)F).'%!F'./'9%)?!U).) !8)?8)0!,1. !M18)-8/'%%5!>1-,1$-0/-7 !),,)>8?!1- !8G)!

?'%/F'.5!9/1('.^).?3 !K)'.?1- !>1..)%'8/1-?!U).) !>1-0$>8)0!,1. !8G)!>1-8/-$1$?!
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F'./'9%)?3!Q)?$%8?!'.) !M.)?)-8)0 !/- !W'9%)!\ 3!&1!?/7-/,/>'-8 !.)%'8/1-?G/M?!U).) !,1$-0 !

9)8U))- !8G)!9/1('.^).? !'-0 !'7)@!=;R@!-$(9). !1,!8))8G@!1. !7/-7/F/8/?3!<('%%!9$8!

?8'8/?8/>'%%5!?/7-/,/>'-8 !'??1>/'8/1-?!U).) !,1$-0 !9)8U))- !%)F)%!1,!M%'h$)!'-0 !RgJCj@!

RgJCB!'-0 !RgJCQ+3!R-8).)?8/-7%5@!8G)!.)%'8/1-?G/M!9)8U))- !M%'h$)!%)F)%!U'? !M1?/8/F)!

,1. !1-) !1,!8G)!M.1J/-,%'(('81. 5!>581^/-)?!HRgJCjL@!9$8!'%?1!M1?/8/F)!,1. !1-) !1,!8G)!

'-8/ J/-,%'(('81.5 !>581^/-)?!HRgJCBL3!!

W'9%)!\ !
80()+/5 !-/))02($,/5+!40$6005!9/$05$,(22*!-/5./&57,51 !3(),(420+!(57 !+(2,3()*!
4,/'():0)+ !

'J:1=3/I./0 ' *F. ' J&$ ' Q'1E'6..6A' -43T8. ' '' S:2F:@:6:0'

-/1 R:2E43==361/>'!>61I:2.0 '      

$%RU'V'/=?A W' B3BBA! B3AAB! JB3BAI! B3CCC!  JB3A]\!

$%RX'V'/=?A W' B3BdA! JB3CP]! B3BBD! JB3CC]!  JB3BBC!

$%RLY'V'/=?A W' JB3CBA! B3CdP! B3BDC! B3APP! x! JB3CPP!

)QKRZ'V'/=?A W' JB3B]A! B3C[P! B3CCd! B3C[I!  B3BIB!

*26: R:2E43==361/>'!>61I:2.0 '      

$%RLP'V'/=?A W' JB3CAd! B3C]d! JB3B[C! B3AP]! x! JB3BC\!

$%RL#* 'V'/=?A W' B3CCA! JB3B]C! JB3Cd\! JB3A\[! x! JB3B[A!

       
! R/.396:@.'-/16.:2 'V'/=?A W' JB3BBC! B3B[C! B3BIB! JB3CCD! !! JB3BID!

!

x!9!y!3B]!
!

+!?)./)? !1,!$J8)?8?!U).) !>1-0$>8)0!81!/-F)?8/7'8) !8G)!M18)-8/'%%5!>1-,1$-0/-7 !

),,)>8?!1,!>'8)71./>'%!F'./'9%)?!1- !8G)!?'%/F'.5!9/1('.^).?@ !/->%$0/-7!7)-0).@!

:'$>'?/'- !)8G-/>/85!'-0 !0/'9)8)? !0/'7-1?/?3!&1!?/7-/,/>'-8 !.)%'8/1-?G/M?!U).) !,1$-03!!!!

X-) JU'5 !'-'%5?)?!1,!F'./ '->) !U).) !>1-0$>8)0!1- !)'>G!1,!8G)!?'%/F'.5!

9/1('.^).? !81!/-F)?8/7'8) !0/,,).)->)? !9)8U))- !8G)!,1$. !?(1^/-7 !?8'8$?!7.1$M?3!

Q)?$%8?!'.) !M.)?)-8)0 !/- !W'9%)!D3!

!

!
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!

!

"/$0 *!F'./'9%)?!'.) !U/-?1./c)0 !

g)F)-) m?!8)?8?!U).) !>1-0$>8)0!81!/-?$.) !8G'8!F'./'->)? !0/0!-18!0/,,). !

?/7-/,/>'-8%5!'>.1??!8G)!,1$. !7.1$M?3!WG)!g)F)-)m?!8)?8!U'? !?/7-/,/>'-8 !,1. !W&#Jk!H; !

HI@!PBL!q!D3[D@!9!y!3BBCL3!+!=.1U- J#1.?58G)!.19$?8!'-'%5?/?!1,!F'./'->) !UG/>G!01)?!

-18!'??$() !)h$'%!F'./'->)? !>1-,/.()0 !8G)!?/7-/,/>'-8 !0/,,).)->) !,1$-0 !U/8G!8G)!

>1-F)-8/1-'%!+&X_+!H; !HI@!dI3I[L !q!P3[P@!9!y!3BBCL3!+?!?G1U-!/- !W'9%)!D@!0/,,).)->)? !

U).) !,1$-0 !,1. !8U1!1,!8G)!9/1('.^).?@ !RgJCj !'-0 !W&#Jk3!K1?8J!G1>!M'/.U/?) !

>1(M'./?1-? !U/8G!=1-,)..1-/ !'0`$?8()-8? !U).) !>1-0$>8)0!81!0)8).(/-) !UG/>G!

7.1$M?!U).) !0/,,).)-8 !,.1( !)'>G!18G).3!!;)'- !RgJCj !%)F)%?!U).) !G/7G).!,1. !M'8/)-8?!

UG1!$?)0!) J>/7'.)88)?!>1(M'.)0 !81!8G)!18G).!8G.))!7.1$M?3!V1U)F).@!1-%5!8G)!

>1(M'./?1- !9)8U))- !) J>/7'.)88)!$?).?!'-0 !8G1?)!UG1!$?)0!918G!) J>/7' .)88)?!'-0 !
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>1-F)-8/1-'%!>/7'.)88)?!H;/Z)0L!'>G/)F)0 !?8'8/?8/>'%!?/7-/,/>'->) !H9!q!3BA\L3!;)'- !

W&#Jk!%)F)%?!U).) !?/7-/,/>'-8%5!%1U).!,1. !M'8/)-8?!UG1!U).) !-18!)ZM1?)0!81!-/>18/-) !

/- !'-5 !,1.( !H:1-8.1%?L!>1(M'.)0 !81!8G)!18G).!8G.))!7.1$M?@!UG1!'%%!.)M1.8)0!$?/-7 !

-/>18/-) !)/8G).!/- !8G)!,1.( !1,!>1-F)-8/1-'%!>/7'.)88)?@!) J>/7'.)88)?@!1. !918G!HM!y!3B]L3!!

</->) !8G)!F'./'9%)?!U).) !U/-?1./c)0@!8G)?)!.)?$%8?!U).) !>1-,/.()0 !$?/-7!T.$?^'%%J

b'%%/?!-1-M'.'()8./> !'-'%5?)?!1- !8G)!1./7/-'%!F'./'9%)?!/->%$0/-7!1$8%/).?3!W'9%)!CB!

M.)?)-8?!8G)!.)?$%8?@!UG/>G!>1-,/.( !8G)!8U1!?/7-/,/>'-8 !0/,,).)->)? !,1$-0 !U/8G!8G)!

M'.'()8./> !+&X_+?!1- !8G)!U/-?1./c)0 !F'./'9%)?3!!

W'9%)!CB!
<)&+:(22=>(22,+!(5(2*+0+!4*!+'/:,51 !+$($&+!/5 !/),1,5(2 !4,/'():0)+ !

'J:1=3/I./0 ' ! E' 6F' ' '
-/1 R:2E43==361/>'
!>61I:2.0 '

   

$%RU'V'/=?A W' B3A\! I ! B3DPd!
$%RX''V'/=?A W' B3BA! I ! B3DDD!
$%RLY''V'/=?A W' D3PP! I ! B3BAA!
)QKRZ'V'/=?A W' Ad3[P! I ! y!3BBC!
*26: R:2E43==361/>'
!>61I:2.0 '

   

$%RLP'V'/=?A W' C3P\! I ! B3PdC!
$%RL#* 'V'/=?A W' C3I\! I ! B3[CC!
    
! R/.396:@.'-/16.:2 'V'/=?A W' P3]B! I ! B3BDB!
    
!

!

!

!

!

!
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WG)!,1%%1U/-7!?)F)- !,/7$.)? !0/?M%'5!8G)!()'- !9/1('.^). !F'%$)?!'>.1??!8G)!

,1$. !?(1^/-7 !?8'8$?!7.1$M?3!

!

!

!

! !
9.3579 
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28.4145 

0.00 10.00 20.00 30.00 40.00 
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E-cigarettes 
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!
! ! 28.6228 

23.1462 
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28.4395 
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E-cigarettes 
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245.5778 

241.4163 
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200 210 220 230 240 250 
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3702.0727 

7308.1037 

6358.5303 

7236.149 

0 2000 4000 6000 8000 

Control 

Conventional 
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E-cigarettes 

C-reactive Protein (pg/mL) 

2.0422 
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1.6841 

0.00 0.53 1.05 1.58 2.10 2.63 
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#/7$.) !P!

#/7$.) !] !

#/7$.) ![ !

#/7$.) !\ !
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The gingival index was used to categorize the gingival health of the study 

population as discussed earlier. The resultant scores were interpreted as follows: A score 

between (B3CJC3BL!indicates (/%0!/-,%'(('8/1-@ !'-0 !' !NR!/- !8G)!.'-7) !9)8U))- !HC3CJ

A3BL!/?!>1-?/0).)0 !( 10).'8) !/-,%'(('8/1 -@!UG/%)!' !NR!9)8U))- !HA3CJI3BL!/?!

>'8)71./c)0 !'? !?)F).) !/-,%'(('8/1-3 !

The following graphs have been created to illustrate the mean values of the 

salivary biomarkers in each smoking category based on their gingival index. These 

graphs only demonstrate mean values of the biomarker levels. Given the size of the study 

sample, the graphs are used only to explore possible trends that may suggest a potential 

direction for future research.  
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Figure 11 

Figure 12 
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Figure 13 

Figure 14 
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Figure 15 
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Chapter (4) 
5:09800:12D'

WG)!1F).'%%!M$.M1?)!1,!8G/?!M/%18!M.1`)>8!U'? !81!)F'%$'8)!8G)!?'%/F'.5!9/1('.^). !

H>581^/-)?!'-0 !:QKL!M.1,/%)!/- !)%)>8.1-/>!>/7'.)88)!$?).?!'-0 !>1(M'.) !8G'8!81!

>/7'.)88)!?(1^).? !'-0 !>1-8.1%!?$9`)>8?!/- !'- !'88)(M8!81!'??)??!8G)!/-,%$)->)!1,!8G)!

$?)!1,!) J>/7' .)88)!1- !8G)!?'%/F'.5!>1->)-8.'8/1-? !1,!?1() !9/1('.^).?3 !6$./-7 !0'8' !

>1%%)>8/1-@!8G)!)().7)->) !1,!' !(/Z)0 !7.1$M!1,!?$9`)>8?@!UG1!>1-,/.()0 !8G)!$?)!1,!

918G!) J>/7'.)88)?!'-0 !819'>>1!?/($%8'-)1$?%5@!>.)'8)0 !'- !'00/8/1-'%!?8$05!7.1$M!,1. !

>1(M'./?1-3 !!

+?!0/?>$??)0!)'.%/).@!?'%/F'!/?!' !9/1%17/>'%!,%$/0!8G'8!/?!)??)-8/'%!,1. !8G)!('/-8)-'->) !

1,!G)'%8G!1,!8G)!8))8G!'-0 !8G)!1.'%!>'F/85!/- !7)-).'%3!R8?!>1(M%)Z!>1(M1?/8/1-@!/- !

'00/8/1- !81!/8?!$-/h$) !9/1()>G'-/>'% !'-0 !MG5?/>'%!M.1M).8/)?!.)-0).? !/8!>'M'9%)!1,!

M).,1.(/-7 !($%8/M%)!8'?^?!?$>G!'? !'/0/-7 !/- !('?8/>'8/1-@!M.18)>8/1-@!'-0 !%$9./>'8/1-!

/- !'00/8/1- !81!/8?!.)M'.'8/F) !M.1M).8/)?3!bG)- !/8!>1()? !81!>1(M1?/8/1-@!?'%/F'!/?!' !

G5M181-/>!,%$/0!8G'8!>1-?/?8?!1,!('/-%5 !U'8). !HD]3]nL@!'-0 !0/,,).)-8 !/1-?!?$>G!'? !

M18'??/$(@!>'%>/$( !'-0 !?10/$(3!R-!'00/8/1-@!?'%/F'!/?!>1(M./?)0 !1,!0/,,).)-8 !1.7'-/> !

(1%)>$%)?!?$>G!'? !G/?8'8/-?@!>5?8'8/-?@!0),)-?/-?@!%5?1c5()?@!'(/-1M).1Z/0'?)@ !

%'>81,)../-@!?)>.)81.5!/(($-1 7%19$%/-?@!($>/- !'-0 !%/M/0?3!H]PL!WG)!,'>8!8G'8!(1?8 !

9/1('.^).? !8G'8!'.) !,1$-0 !/- !9%110!'-0 !$./-) !'.) !'%?1!,1$-0 !/- !?'%/F'!('^)? !?'%/F'!

'- !)Z>)%%)-8!M18)-8/'%!0/'7-1?8/>!811%@!)?M)>/'%%5!UG)- !>1-?/0)./-7 !8G)!'0F'-8'7)? !/8!

M1??)??!1F). !9%110!/- !8).(? !1,!)'?) !1,!?'(M%)!>1%%)>8/1-3!WG.1U/-7!%/7G8!1- !.)>)-8 !

'0F'->)? !/- !8G)!,/)%0!1,!0/'7 -1?8/>?@!?'%/F'.5!9/1('.^).? !G'F) !9))- !$?)0!?$>>)??,$%%5!

81!0/'7-1?) !($%8/M%)!%1>'%!'-0 !?5?8)(/>!>1-0/8/1-?!?$>G!'?@!M)./101-8'%!0/?)'?)@!

>'.0/1F'?>$%'.!0/?)'?)?@!̂ /0-)5 !0/?)'?)? !'? !U)%%!'? !?h$'(1$? !>)%%!>'.>/-1('3 !
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H][@]\L!R-!8G)!,/)%0!1,!0/?)'?) !0/'7-1?/? @!?))^/-7 !M.)0/>8/F)!0/?)'?) !('.^).? !/?!

(1()-81$? !,1. !)'.%5!0/?)'?) !0)8)>8/1-!'-0 !,1. !8G)!.)0$>8/1- !1,!M18)-8/'%!0/?)'?) !

'-0 !8.)'8()-8 !>1(M%/>'8/1-?!'-0 !/(M'/.()-8?3 !+%8G1$7G!?$>G!'88)(M8?!'.) !.'8G). !

?>'.>) !'-0 !8G)!$?)!1,!?'%/F'.5!9/1('.^).? !/?!-18!' !M1M$%'. !'??)??()-8 !()8G10@!8G).)!

(/7G8!9) !' !U/0) !.'-7) !1,!,$8$.)!M1??/9/%/8/)?!'-0 !M18)-8/'%!>%/-/>'%!'MM%/>'8/1-?!,1. !

(1-/81./-7 !8G)!M.1,/%)!1,!?'%/F'.5!9/1('.^).?3 !

:581^/-)? !'.) !' !7.1$M!1,!>)%%!.)7$%'8/-7!%1UJ(1%)>$%'.!U)/7G8!M.18)/-?!8G'8!

G'F) !'- !)Z8)-?/F) !/-,%$)->)!1- !8G)!M.10$>8/1-!'-0 !'>8/F'8/1- !1,!0/,,).)-8 !),,)>81. !

>)%%?3!+!U/0) !.'-7) !1,!>)%%?!M.10$>)?!>581^/-)?3!V1U)F). @!WJ>)%%?!'-0 !('>.1MG'7)? !

'.) !' !>G/),!?1$.>)!81!8G)/.!M.10$>8/1-3!!:581^/-)? !'.) !'??1>/'8)0!U/8G!' !-$(9). !1,!

?8'7)?!/- !/(($-/85 !'-0 !/-,%'(('8/1-@ !/- !UG/>G!8G)5!.)7$%'8)!8G)!('7-/8$0) !'-0 !

0$.'8/1- !1,!8G)!.)?M1-?) i!#$.8G).(1.) @!8G)5!M%'5!' !>.$>/'%!.1%)!/- !8G)!('/-8)-'->) !

1,!8/??$)!G1()1?8'?/?3!WG)5!'.) !$?$'%%5!8.'-?/)-8%5!M.10$>)0!'8!M/>1(1%'.!

>1->)-8.'8/1-? !'-0 !'.) !)Z8.)()%5!M18)-83!WG)5!/- 8).'>8!U/8G!?M)>/,/>!>)%%!?$.,'>) !

.)>)M81.?!8G'8!198'/- !' !G/7G!',,/-/85 !,1. !)'>G!>581^/-)3!WG)!/-8).'>8/1- !1,!>581^/-)?!

1>>$.?!/- !' !-)8U1.^* !,/.?8!95!/-0$>/-7 !)'>G!18G).i!?)>1-0!95!8.'-?(10$%'8/-7 !>)%%!

?$.,'>) !.)>)M81.?i!'-0 !8G/.0!95!?5-).7/?8/>@!'00/8/F)@!1. !'-8'71-/?8/> !/-8).'>8/1-? !1- !

>)%%!,$->8/1-3!WG)!>1(M%)Z!-'8$.) !1,!8G)!.1%)!1,!>581^/-)!-)8U1.^ !/?!?8/%%!G'.0 !81!

$-0).?8'-0 !0)?M/8)!)Z8)-?/F) !.)?)'.>G !/- !8G/?!'.)'3 !H]D@PBL!

WG)!M.1J/-,%'(('81.5 !>581^/-)?!8G'8!G'F) !9))- !()'?$.)0 !/- !?'%/F'!/- !8G/?!

?8$05!' .) !RgJCj@!RgJP@!RgJ\ !'-0 !W&#Jk3!WG)5!'.) !>1-?/0).)0 !81!9) !/-F1%F)0!/- !8G)!G1?8!

.)?M1-?) !'? !()0/'81.? !1,!8/??$)!0)?8.$>8/1-3!R->.)'?)0 !%)F)%?!1,!8G)?)!>581^/-)?!G'F) !

9))- !19?).F)0 !/- !0/?)'?)0 !M)./101-8'%!8/??$)?3!+(1-7?8 !8G)?)@!8G)!%/7G8!G'?!9))- !



!
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8G.1U-!1- !RgJC!?/->) !/8!/?!'- !/(M1.8'-8 !M.1J/-,%'(('81.5 !>581^/-)3!RgJC!1>>$.?!/- !

8U1!,1.(? !RgJC!k!'-0 !RgJC!j 3!!RgJC!j !G'?!9))- !M.1F)- !81!9) !8G)!(1.) !M18)-8!1,!8G)!

8U1!,1.(?@!M1??)??/-7!' !>'8'91%/>!),,)>8!1- !91-) !'MM.1Z/('8)%5!CBJ,1%0!>1(M'.)0 !

U/8G!RgJC!k@!8G$?!/8!U'? !>G1?)-!81!9) !?8$0/)0!/- !8G/?!.)?)'.>G3!HPB@!dAL!+00/8/1-'%%5@!

8G)!%)F)%!1,!:QK!U'? !()'?$.)? !/- !8G)!?'%/F'!?'(M%)?!'? !' !M.1J/-,%'(('81.5 !

9/1('.^).3 !X- !8G)!18G).!G'-0@!RgJCQ+!'-0 !RgJCB!'.) !8G)!8U1!'-8/ J/-,%'(('81.5 !

>581^/-)?!8G'8!G'F) !9))- !()'?$.)03 !RgJCQ+!H.)>)M81.!'-8'71-/?8L !/?!' !7%5>1M.18)/-!

8G'8!9)%1-7?!81!8G)!?'() !,'(/%5 !'? !RgJC!'-0 !/?!M.10$>)0!95!8G)!?'() !>)%%?@!)?M)>/'%%5!

('>.1MG'7)?3 !R8?!1-%5!̂ -1U- !,$->8/1-!/?!81!9/-0 !81!RgJC!.)>)M81.?@!9%1>^/-7!RgJC!'-0 !

M.)F)-8/-7 !?/7-'%!8.'-?0$>8/1-@!8G$?!/?!>1-?/0).)0 !'- !'-8/ J/-,%'(('81.5 !>581^/-)3!

HPCL!R-!'00/8/1-@!RgJCB!/?!'%?1!%'9)%)0!'-8/ J/-,%'(('81.5 !'-0 !/?!̂ -1U- !81!M%'5!' !

M18)-8!.1%)!/- !%/(/8/-7!G1?8!/(($-) !.)?M1-?) !81!M'8G17)-?@!8G).)95!M.)F)-8/-7 !

0'('7) !81!8G)!G1?8!'-0 !('/-8'/-/- 7!-1.('% !8/??$)!G1()1?8'? /?3!HPAL!WG)!%)F)%?!1,!

'%%!8G)!M.)F/1$?%5!()-8/1-)0 !>581^/-)?!G'F) !%'.7)!/-8). J!'-0 !/-8.' J/-0/F/0$'%!

F'./'8/1-? !/- !8G)!%/8).'8$.)@!UG/>G!>%)'.%5!?$77)?8?!8G'8!8G)/.!M.1,/%)?!'.) !/-,%$)->)0!

95!' !($%8/8$0)!1,!,'>81.?@!UG/>G!G'F) !9))- !M11.%5!>G'.'>8)./c)0 !81!0'8)3!HPCL!

K.18)/- !'-'%5?/?!1,!?'%/F'!G'?!85M/>'%%5!9))- !)F'%$'8)0!$?/-7!)-c5() J%/-^)0!

/(($-1?1.9)-8 !'??'5? !H2gR<+L3!2gR<+!/?!' !9/1>G)(/>'%!8)>G-/h$)!UG).) !'- !

$-^-1U- !'-8/7)- !/?!',,/Z)0 !81!' !?$.,'>)@!'-0 !8G)-!' !?M)>/,/>!)-c5() J%/-^)0!'-8/9105 !

/?!U'?G)0 !1F). !8G)!?$.,'>) !81!)-'9%) !9/-0/-7 !81!8G)!'-8/7 )- !'-0 !?$9?)h$)-8!

0)8)>8/1-3!H]BL!g)F)%?!1,!M.18)/-?!U).) !.)M1.8)0!'? !>581^/-)!>1->)-8.'8/1-? !HM7s(%L3!

2%)>8.1-/>!>/7'.)88)?!'.) !9'88).5J1M).'8)0 !0)F/>)?!8G'8!.$- !1- !'- !/-G'%'8/1-J

'>8/F'8)0!()>G'-/?(3 !+?!8G)!$?). !?8'.8?!/-G'%/-7@!8G)!M.1>)??!G)'8?!' !,%$/0J
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>1-8'/-/-7 !>'.8./07)@!UG/>G!M.10$>)?!F'M1.3!WG)!%/h$/0!/- !8G)!.),/%%'9%)!>'.8./07)? !

85M/>'%%5!G'?!-/>18/-)@!'%8G1$7G!-1- J-/>18/-) !>'.8./07)? !'.) !'F'/%'9%)@!/- !8G/?!?8$05@!

U) !1-%5!/->%$0)0!?$9`)>8?!UG1!$?)!-/>18/-) J>1-8'/-/-7 !) J>/7'.)88)?3!E-%/^)!

>1-F)-8/1-'%!>/7'.)88)?@!) J>/7'.)88)?!01!-18!.)%5!1- !>1(9$?8/1- !8G$?i!$?).?!01!-18!

)ZM1?)!8G)(?)%F)?!1. !18G).?@!UG1!/-G'%)!8G)!').1?1%@!81!('-5 !1,!8G)!G'.(,$%!

>1-8)-8?!1,!819'>>1!?(1^) !'-0 !M'.8/>%)?!M.10$>)0!95!>1-F)-8/1-' %!>/7'.)88)?3!!

+%8G1$7G!8G)/.!U1.%0U/0)!?'%)?!'-0 !M1M$%'./85!'.) !.'M/0%5!./?/-7@!8G)!'0F).?) !

),,)>8?!1,!) J>/7'.)88)!$?)!1- !G$('- !G)'%8G!'.) !?8/%%!M11.%5!$-0).?8110!81!0'8)3!6$) !81!

8G)!,'>8!8G)!F'M1.!8G'8!8G)!) J>/7'.)88)!>1-8'/-? !,)U). !>G)(/>'%?!8G'-!>1-F)- 8/1-'%!

819'>>1!?(1^)@!8G)5!'.) !1,8)- !>1-?/0).)0 !' !?',). !'%8).-'8/F) !81!>1-F)-8/1-'%!

>/7'.)88)?3!V1U)F).@!) J>/7'.)88)?!'.) !(1?8 !0),/-/8) %5!-18!U/8G1$8!G)'%8G!./?^?3!HPIL!

WG)!E<!#110!'-0 !6.$7 !+0(/-/?8.'8/1- !H#6+L!M).,1.()0 !'- !'-'%5?/?!1,!8G)!>1-8)-8?!

1,!8G)!) J>/7'.)88)?!%/h$/03!WG)5!>1-,/.()0 !8G)!M.)?)->) !1,!,1$. !('`1. !819'>>1J

?M)>/,/>!-/8.1?'(/-)?@ !' !,'(/%5 !1,!>'.>/-17)-/> !>G)(/>'%?3!WG)5!G'F) !1-%5!.)M1.8)0!

8G)!M.)?)->) !1,!8G)?)!>G)(/>'%?@!9$8!0/0!-18!0/?>%1?)!UG)8G).!8G)!'(1$-8? !0)8)>8)0!

.) '>G)0!G'.(,$%!%)F)%?!1. !-183!HPdL!R-,1.('8/1- !'??1>/'8/-7 !8G)!$?)!1,!) J>/7'.)88)?!81!

G)'%8G!./?^?!G'?!9))- !('/-%5 !198'/-)0 !,.1( !?G1.8J8).( !/- !F/8.1!?8$0/)?!U/8G!>$%8$.)0!

>)%%?!'-0 !,.1( !?1() !/- !F/F1!)ZM)./()-8? !U/8G!G$('- !?$9̀ )>8?3!HCL!R-!F/8.1!?8$0/)?!

G'F) !M.1F)- !8G'8!>58181Z/>!),,)>8?!F'.5 !'(1-7 !) J>/7'.)88)!.),/%%!,%$/0?@!?1() !,%'F1.!

>G)(/>'%?!?$>G!'? !>/--'('%0)G50)@!G'F) !81Z/>/85!'8!8G) !>1->)-8.'8/1-? !$?)0!/- !/83!

HAdL!+00/8/1-'%!/-,1.('8/1- !1- !8G)!G)'%8G!),,)>8?!1,!) J>/7'.)88)?!>'- !9) !198'/-)0 !

,.1( !>'?) !.)M1.8?!1- !$?).?!UG1!M.)?)-8)0 !81!MG5?/>/'-?!U/8G!?5(M81(? !'88./9$8)0!

81!)/8G).!8G)!$?)!1,!1. !8G)!)ZM1?$.)!81!) J>/7'.)88)?3!!
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+!%'.7)!?>'%)!1,!?8$0/)?!/- !8G)!%/8).'8$.)!G'?!>1-,/.()0 !8G)!('7-/8$0) !1,!8G)!

G'.( !81!8G)!G$('- !9105!/-0$>)0 !95!8G)!)ZM1?$.)!81!81Z/>'-8?!'-0 !>'.>/-1 7)-? !

,1$-0 !/- !819'>>1!?(1^)3 !+%%!8G)!<$.7)1- !N)-).'%m?!.)M1.8?!G'F) !%/?8)0!' !>1->%$?/F)!

9105!1,!)F/0)->) !'91$8!8G)!G'.(,$%!>1-?)h$)->)? !1,!819'>>1!$?)!1- !G$('- !>)%%?!

'-0 !1.7'-? !'-0 !1- !1F).'%%!G)'%8G3!:/7'.)88) !?(1^/-7 !.)%'8)0!/%%-)??)?!G'.( !'%(1?8!

)F).5 !1.7'- !1,!8G)!9105@!'>>1$-8/-7 !,1. !8G)!('`1./85 !1,!M.)F)-8'9%)!0)'8G?!/- !8G)!

E-/8)0 !<8'8)?3!HP]L!t$/88/-7!?(1^/-7@!1- !8G)!18G).!G'-0@!.)0$>)? !8G)!./?^!1,!

?(1^/-7 J.)%'8)0!0/?)'?)? !'-0 !'??1>/'8)0!M.)('8$.) !(1.8'%/853!:/7'.)88) !?(1^) !

>1-8'/-? !(1.) !8G'-![@BBB!>G)(/>'%?!'-0 !>1(M1$-0?3!V$-0.)0? !'.) !81Z/>!'-0 !(1.) !

8G'-![B !'.) !.)7/?8).)0 !>'.>/-17)-?3 !W19'>>1!?(1^) !/8?)%,@!'>>1.0/-7 !81!8G)!:6:@!/?!' !

^-1U- !G$('- !>'.>/-17)-3 !HCL!WG)!%1>'%!'? !U)%%!'? !8G)!?5?8)(/>!),,)>8?!1,!>/7'.)88)!

?(1^/-7 !G'F) !9))- !'- !'.)' !1,!)Z8)-?/F) !.)?)'.>G3!R8!/?!U)%%!01>$()-8)0 !8G'8!

?(1^/-7 !/?!>1-?/0).)0 !'? !' !./?^!,'>81.!,1. !>G.1-/>!M)./101-8/8/?!/- !' !01?)Y.)?M1-?) !

('--). !H5)'.?!1,!)ZM1?$.)!81!819'>>1!M.10$>8?!81!8G)!?)F)./85!1,!M)./101-8'%!

0/?)'?)L3!<(1^/-7 !/?!'??1>/'8)0!U/8G!(1.) !'88'>G()-8 !%1??@!91-) !%1??!'-0 !8118G!%1??@!

9$8@!%)??!?/7-?!1,!/-,%'(('8/1-3 !2Z8)-?/F)!>%/-/>'%!8./'%?!G'F) !'%?1!?G1U-!M11.). !

.)?M1-?) !81!-1- J?$.7/>'%!'-0 !?$.7/>'%!M)./101-8'%!8.)'8()-8 !/- !?(1^).?3 !HPPL!

<(1^/-7 !'-0 !<<: !

WG)!?'(M%)!?/c)@!9)/-7 !1-%5!Pd!U'? !'(1-7 !' !%/?8!1,!18G).!%/(/8'8/1-?!/- !8G/?!

?8$053!+%8G1$7G!8G)!M.1>)??!1,!?'%/F'!>1%%)>8/1-!U'? !?8'-0'.0/c)0@!18G).!,'>81.?!%/^)!

()0/>'8/1- !$?)!'-0 !'%>1G1%!>1-?$(M8/1-@!UG/>G!(/7G8!/-,%$)->)!8G)!>581^/-)!M.1,/%)!

'-0 !G'F) !' !M1??/9%)!>1-,1$-0/-7 !',,)>8@!U).) !-18!'0`$?8)0!,1.3!WG)!M)./101-8'%!

?8'8$?!1,!8G)!?$9`)>8?!U'? !'??)??)0!$?/-7!8G)!7/-7/F'%!/-0)Z !'-0 !M%'h$)!?>1.)@!
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G1U)F).@!' !,$%%!M)./101-8'%!)Z'( !U'? !-18!M).,1.()0 !'-0 !M)./101-8'%!0/'7-1?)? !

G'F) !-18!9))- !)?8'9%/?G)03!

X$. !.)?$%8?!?G1U)0!8G'8!8G)!%)F)%?!1,!W&#J!k!U).) !?/7-/,/>'-8%5!%1U).!/- !8G)!>1-8.1%!

7.1$M!>1(M'.)0 !81!8G)!18G).!8G.))!7.1$M?3!<'%/F'.5!W&#J!k!/?!'- !/(M1.8'-8 !M18)-8/'%!

9/1('.^). !,1. !1.'%!?h$'(1$? !>)%%!>'.>/-1('3 !R8!U'? !'%?1!,1$-0 !81!9) !)%)F'8)0!/- !

M'8/)-8?!0/'7-1?)0 !U/8G!1.'%!%)$^1M%'^/'!'%1-7!U/8G!RgJP@!'-0 !8G)5!'.) !918G!

>1-?/0).)0 !M.1(18).? !/- !8G) !M.1>)??!1,!>'.>/-17)-)?/?3 !HP[@P\L3!R8!>'- !'%?1!9) !-18)0 !

8G'8!/- !?M/8)!1,!8G)!%'>!̂1,!8G)!M.1>)??!1,!>1(9$?8/1- !/- !) J>/7'.)88)?@!8G)!()'- !%)F)%?!

1,!W&#J!k!H#/7$.) !AL!U).) !?8/%%!)%)F'8)0!/- !8G'8!7.1$M@!'-0 !'.) !?/7-/,/>'-8%5!G/7G).!

8G'-!8G)!%)F)%?!1,!8G)!>1-8.1%!7.1$M3!

#$.8G).(1.)@!8G)!%)F)%?!1,!RgJCj !H#/7$.) !IL!U).) !?/7-/,/>'-8%5!G/7G).!/- !8G)!) J

>/7'.)88)!7.1$M3!+?!()-8/1-)0 !M.)F/1$?%5@!UG)- !8'^/-7 !' !>%1?)!%11!̂' 8!8G)!()'- !

%)F)%?!1,!W&#J!k!/- !H#/7$.) !AL@!1-) !>'- !'MM.)>/'8) !8G'8!/8!/?!G/7G!/- !8G)!) J>/7'.)88)!

7.1$M@!'-0 !7/F)- !8G)!,'>8!8G'8!W&#J!k!>'- !?8/($%'8)!8G)!M.10$>8/1-!1,!RgJCj !HW'9%)!

CL@!8G/?!(/7G8!?))( !>1-?)h$)-8/'%3!V1U)F).@!W&#J!k!/?!,1$-0 !81!9) !)%)F'8)0!/- !

>1-F)-8/1-'%!>/7'.)88)!?(1^).? !811@!9$8!RgJCj !01)?!-18!?))( !81!9) !'? !)%)F'8)03!WG/?!

>'- !.'/?) !8G)!h$)?8/1-!1,!8G)!M1??/9%)!),,)>8!1,!) J>/7'.)88)!$?)!1- !8G)!)%)F'8/1-!1,!8G)!

%)F)%?!1,!RgJCj@!'-0 !UG)8G).!18G).!,'>81.?!M%'5!' !.1%)!/- !(10$%'8/-7!/8?!%)F)%?!/- !8G/?!

?M)>/,/>!7.1$M3!+?!()-8/1-)0 !/- !W'9%)!C@!RgJCj !/?!' !M1U).,$%!91-) J.)?1.9/-7 !>581^/-)!

8G'8!/?!?/7-/,/>'-8%5!/->.)'?)0 !/- !8G)!M)./101-8'%!8/??$)?!'-0 !7/-7/F'%!,%$/0!,.1( !?/8)?!

',,)>8)0 !95!M)./101-8'%!0/?)'?)@!>1(M'.)0 !U/8G!G)'%8G5!?/8)?3!R->.)'?)0 !%)F)%?!1,!RgJ!

Cj !/- !N:# !G'?!9))- !'??1>/'8)0!U/8G!7/-7/F'%!/-,%'(('8/1- !'-0 !?)F).) !M)./101-8/8/?@!

UG/%)!/8?!%)F)%?!U).) !,1$-0 !81!0.1M!',8). !8G).'M53!HPDL!
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R8!G'?!-18!)?>'M)0!1$. !-18/>)!8G'8@!0)?M/8)!8G)!'9?)->) !1,!?8'8/?8/>'%!

?/7-/,/>'->)@!8G).) !/?!'- !'MM'.)-8 !8.)-0 !8G'8!H#/7$.) !dL!0)(1-?8.'8)?@!UG).) !8G)!

()'- !F'%$)?!1,!RgJ\ !?))(? !81!9) !8G)!G/7G)?8!'(1-7 !>1-F)-8/1-'%!?(1^).? !'-0 !) J

>/7'.)88)!$?).?3!RgJ\ !<$MM1.8?!'-7/17)-)?/? !'-0 !('5 !G'F) !' !M18)-8/'%!.1%)!/- !

0/?1.0).? !?$>G!'? !.G)$('81/0 !'.8G./8/?@!8$(1. !7.1U8G@!'-0 !U1$-0 !G)'%/-7!8G'8!

>./8/>'%%5!0)M)-0 !1- !'-7/17)- )?/?3!R-!'00/8/1-@!/8!M1??)??)?!M1U).,$%!>G)(18'>8/>!

,$->8/1-?!,1. !M1%5J(1.MG1J-$>%)'.!%)$^1>58)?@!%5(MG1>58)?!'-0 !('>.1MG'7)?3 !R8!

G'?!9))- !)?8'9%/?G)0!/- !8G)!%/8).'8$.)!8G'8!/8?!M.)?)->) !/- !)%)F'8)0!%)F)%?!/- !?'%/F'!/?!

?8.1-7%5!'??1>/'8)0!U/8G!X<<: !UG)- !>1(M'.)0 !81!>1-8.1%?3!HP\L!

R8!('5 !'%?1!9) !19?).F)0@!U/8G1$8!?8.'5/-7 !811!,'. !',/)%0!,.1( !1$. !M./('.5 !

,1>$?!1- !?8'8/?8/>'%!?/7-/,/>'->) @!8G'8!8G)!()'- !F'%$)?!1,!:QK!H#/7$.) !PL!'.) !

>1-?/0).'9%5!%1U).!/- !>1-8.1%?!>1(M'.)0 !81!8G)!18G).!I !7.1$M?3!WG)!?'%/F'.5!:QK!

%)F)%?!U).) !M.1F)- !81!9) !)h$'%!81!8G1?)!1,!?).$( !/- !($%8/M%)!?8$0/)?3!:QK!G'?!9))- !
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! The role of bacteria in periodontal disease in stimulating the release of 

inflammatory mediators is well documented in the literature. Increased levels of several 
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cytokines such as IL-1, IL-2, IL-6, IL-8 and TNF-!  have been observed in the GCF of 

patients with periodontal disease. (45) In our research project, we did not overlook the 

important role of periodontal disease as a possible confounding factor that may modify 

the biomarker profile in the saliva samples, and the gingival index was used to control for 

that factor.  

As shown on (Figure 9), the means of the levels of TNF-!  seem to be the lowest 

in the control (non-smoker) group in the three gingival index categories, while it 

demonstrates its highest values in the cigarette smoker-group with a high gingival index. 

TNF-!  values seem to be generally elevated is smokers and the mixed smoking group 

compared to the controls regardless of the gingival index. E-cigarette users show low 

levels of TNF-!  in the low and high gingival index groups, while the levels are elevated 

in the moderate gingival index group. Although this result is a bit confusing, small 

sample size of those subjects that are E-cigarette users with coincident high GI is likely at 

play. 

Looking at the levels of CRP in the four groups (Figure 10), we can appreciate 

that it demonstrates the highest values among smokers in the moderate and high gingival 

index groups, and in the mixed smoking group with low and high gingival indices. The 

lowest values of CRP can be seen in the control group in the three gingival categories, 

being the highest on the medium gingival index group and the lowest in healthy gingiva. 

E-cigarette users show low levels of CRP in the low gingival index group, while in 

moderate gingival index group, the levels of CRP are noticeably higher compared to the 

controls. 

IL-1" seems to be the highest in the smokers and mixed smoking groups with a 
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low gingival index (Figure 11). However, the levels seem to be low in all four groups in 

both medium and high gingival indices. This is not consistent with the literature where 

they found it to be significantly higher in sites affected by gingival diseases. In a previous 

study where they measured the levels of cytokines in GCF of smokers and non-smokers 

during experimental gingivitis, the total amounts of IL-1 "  and IL-8 increased 

significantly during plaque accumulation in both groups. The reason why our results were 

not consistent with this study might be attributed to the difference in diagnostic fluid 

being saliva and GCF. (69,71) A possible association between the levels of IL-1" and 

smoking has been an area of investigation, but no positive correlation was found to date.  

The mean levels of IL-10 and IL-6 (Figures 12, 13) show a pattern similar to IL-1", being 

the highest among smokers and mixed smokers in the healthy gingiva category and low 

elsewhere. 

IL-1RA (Figure 14) shows its highest mean among the controls in the healthy 

gingiva category. The lowest means are appreciated among E-cigarette users and mixed 

smokers with a high gingival index. Therefore, the effects of E-cigarette use on this anti-

inflammatory cytokine remain unclear. 

IL-8 (Figure 15) is considered to be the most important mediator for the 

recruitment and activation of polymorphonuclear leukocytes. It shows the highest levels 

among cigarette smokers in the moderate gingival index group. A number of studies have 

suggested a positive relationship between GCF IL-8 activity and periodontal disease. In 

one of the studies a weak, statistically significant positive association between salivary 

IL-8 and pocket depth and bleeding on probing was found. (45,72)  
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Chapter (5) 
!129480:12D 

This pilot study came with its own set of limitations and challenges. Although it 

might not seem rational to expect a robust amount of statistically significant data or build 

solid scientific  conclusions from this pilot project, this study was designed to pave a path 

for future research in the area of salivary biomarkers and the use of e-cigarettes. Some 

interesting trends were found in our research including the statistically significant 

elevated levels of IL- 1" accompanied by lower mean levels of IL-1RA in e-cigarette 

users. Also the fact that TNF- !  shows elevated values in e-cigarette users similar to 

conventional smokers regardless of the absence of combustion by-products. Furthermore, 

when subject data was analyzed controlling for the periodontal condition using the 

Gingival Index as a gauge, IL-1RA demonstrates the lowest means among e-cigarette 

users and mixed smokers with a high gingival index. This finding raises this question: 

will  e-cigarette users respond in a similar way to smokers in respect to IL-1RA when the 

periodontal condition is balanced in the subject sample?  

This project has clearly demonstrated that E-cigarette use, both alone and when in 

combination with continued conventional smoking. Elevates the key pro-inflammatory 

cytokines IL- 1" and TNF- !  accompanied by lower mean levels of the controller 

cytokine IL-1RA in e-cigarette users. The synergistic effects of E-cigarette use with 

gingival inflammation are still in question but the trends in our project suggest that the 

result is likely similar to the confusing data found with conventional cigarette smoking. 

More investigations are obviously necessary with larger sample sizes controlling for 

periodontal status, duration of use of the products, subject age and systemic co-

morbidities that affect oral inflammation. 
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