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ABSTRACT 
 
Objective: To evaluate the nephroprotective property of Alocasia macrorrhiza in murine models of gentamicin-induced nephrotoxicity. Methodology: 30 
adult Wistar albino rats were divided into 5 groups of 6 rats each. Group I and II were controls (10 ml of 1% Gum acacia), Group III-V were tests, and 
received test drug ethanolic extract of Alocasia macrorrhiza (EEAM) leaves at doses of 100, 250, 500 mg/kg body weight, respectively. Except for group I, 
rats were injected intraperitoneally with Gentamicin (40 mg/kg). Test groups were treated with EEAM before and after Gentamicin injections. Blood was 
collected for analysis of renal parameters, and kidneys were sent for histopathological analysis. Results: In Group I, there was an increase in renal parameters 
indicating Gentamicin nephrotoxicity compared to the control, and the control was comparable in the EEAM-received groups. It was more significant at 
doses of 250 mg/kg and 500 mg/kg body weight than in Group II. Histopathology revealed significant changes in Group II, less marked in Groups IV and 
V (250 mg/kg and 500 mg/kg body weight doses). Discussion: Results showed significantly reduced blood urea and serum creatinine levels, but an increased 
serum uric acid level, with corresponding histopathological changes. This demonstrated the nephroprotective property of the ethanolic extract of Alocasia 
macrorrhiza leaves at doses of 250 mg/kg and 500 mg/kg body weight. Conclusion: This study demonstrates the nephroprotective potential of Alocasia 
macrorrhiza at doses of 250 mg/kg and 500 mg/kg body weight. Further studies are required to investigate possible mechanisms and the hyperlipidemic 
effect of Alocasia macrorrhiza. 
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INTRODUCTION 
!
"#$%&'()($! *+(,-.#! /01 2$#! 23! %4#! '25%! )2''2$67! -5#8!
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,.&' =$#,&%(<#! 2.,&$(5'5?!"#! "#$%&'()($! (5! %4#! 8.-,! 23! )42()#!
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H! 5'&66! ;.2;2.%(2$! 23!,#$%&'()($=%.#&%#8! ;&%(#$%5! %#$85! %2!
8#<#62;!'(681!&6'25%!&6:&75!.#<#.5(96#!.#$&6!(';&(.'#$%!8-#!%2!
&))-'-6&%(2$! 23! %4#! 8.-,! ($! %4#! ;.2I('&6! .#$&6! %-9-6#5?!J4#!
5#<#.(%7!23!%4#!%2I()(%7!8#;#$85! -;2$!%4#!%2%&6!&'2-$%!23!8.-,!
&8'($(5%#.#81!%4#!8-.&%(2$! 23! %4#! %4#.&;71! &5! :#66! &5! %4#! 8.-,!
($%#.<&65?! $

!
!"#$%&'%()%$*#**+',%(*+(,-.#!K01!&652!C$2:$!&5!"(&$%!J&.2!2.!
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,67)25(8#51!&62)&5($1!)426#5%#.261!&'($2!&)(851!,&66()!&)(81!'&6()!
&)(81!&5)2.9()!&)(81!5-))($()!&)(81!,6-)25#1!3.-)%25#1!5-).25#!&$8!
9#%&6#)%($5?&! F&.(2-5! 6(%#.&%-.#5! &.#! &<&(6&96#! %4&%! .#)2''#$8!
!"#$%&'%( )%$*#**+',%(32.! %4#!;.#<#$%(2$! &$8! %.#&%'#$%! 23!
($36&''&%(2$1!8(5#&5#!23!%4#!&982'#$!&$8!5;6##$!&$8!&652!542: !
(%! 4&5! &$&6,#5()! &)%(2$! &62$,! :(%4! &$%(2I(8&$%1! &$%('().29(&61!
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!
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<2'(%($,! &$8! &652! 4&5! &$%(2I(8&$%1! &$%(47;#.,67)#'()1! &$8!
)7%2%2I()! ;.2;#.%(#5?! %(!) ! H'2$,! %4#! <&.(2-5! '#)4&$(5'5! 23!
,#$%&'()($=($8-)#8! $#;4.2%2I()(%71! 2$#! (5! %4.2-,4! 3.##! .&8()&6!
;.28-)%(2$! 32662:($,! &))-'-6&%(2$! 23! %4#! 8.-,! ($! %4#! .#$&6!
;.2I('&6!)2$<26-%#8!%-9-6#5!&3%#.!"62'#.-6&.!3(6%.&%(2$?! *!N%-8(#5!
4&<#! 542:$! %4&%! :4#$! &$%(2I(8&$%5! &.#! ,(<#$! &62$,! :(%4!
"#$%&'()($1!%4#.#!(5!&!5(,$(3()&$%!.#8-)%(2$!($!%4#!$#;4.2%2I()(%7!
)&-5#8!97!"#$%&'()($?!+!
!
!"#$%&'%( )%$*#**+',%(4&5! 9##$! 542:$! %2! 4&<#! &$%(2I(8&$%!
;.2;#.%(#51!&%%.(9-%#8!%2!<&.(2-5!;.2<#$!&$%(2I(8&$%5!;.#5#$%!($!%4#!
;6&$%1!5-)4!&5! ,&66()!&)(81! '&6()!&)(81!36&<2$2(851!&$8!&5)2.9()!
&)(8?&"*"!, ! P&5#8! 2$! %4#! &92<#! 8&%&1! %4(5! 5%-87! (5! ;6&$$#8! %2!
#<&6-&%#!%4#!$#;4.2;.2%#)%(<#!&)%(2$!23!#%4&$26()!#I%.&)%!23!6#&<#5!
23! !"#$%&'%( )%$*#**+',%( &,&($5%!,#$%&'()($=($8-)#8!
$#;4.2%2I()(%7!($!'-.($#!'28#65?!
!
MATERIALS AND METHODS 
 
Site of the study 
J4#!5%-87!:&5!)2$8-)%#8!&%!H?Q?!D$5%(%-%#!23!E#8()&6!N)(#$)#5!&$8!
R#5#&.)4! S#$%.#1! E&$,&62.#1!D$8(&?!J4#!#I;#.('#$%&6!;.2%2)26!
:&5! &;;.2<#8! 97! %4#! D$5%(%-%(2$&6! H$('&6! L%4()5! S2''(%%##!
*H;;.2<&6! T2?! DHLSBUVBKU/W=/XBSYSNLH0?! H66! #I;#.('#$%&6!
;.2)#8-.#5! :#.#! )2$8-)%#8! ($! &))2.8&$)#! :(%4! SYSNLH! &$8!
ZLS[!,-(8#6($#5?!
!
Animals 
J4(.%7!&8-6%!&69($2!\(5%&.!.&%5!23!92%4!5#I#51!:#(,4($,!/@U=K@U!
,.&'5 1! 9.#8! &$8! '&($%&($#8! -$8#.! 5%&$8&.8! )2$8(%(2$5! ($! %4#!
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)#$%.&6! &$('&6! 42-5#! 23! H! Q! D$5%(%-%#! 23! E#8()&6! N)(#$)#51!
E&$,&62.#1! :#.# ! -5#8! ($! %4(5!5%-87?!H$('&65!:#.# !C#;%!&%!%4#!
($5%(%-%#]5!S#$%.&6!H$('&6!^2-5#1!42-5#8!($!)6#&$!;267;.2;76#$#!
)&,#5! ($! ,.2-;5! 23! %4.##! ;#.! )&,#1! '&($%&($#8! &%! &! 5%&$8&.8!
6&92.&%2.7!%#';#.&%-.#!23!K@_K !̀&$8!4-'(8(%71!:(%4!&(.!)226($,!
&$8!&!/Ka/K=42-.!6(,4%B8&.C!)7)6#?!H$('&65!:#.#! ;.2<(8#8!:(%4!&!
5%&$8&.8! 8(#%! &$8! :&%#.! &8! 6(9(%-'?! H$('&65! :#.#! C#;%! ($! %4#!
6&92.&%2.7!32.!2$#!:##C!%2!&))6('&%(5#!%2!6&92.&%2.7!)2$8(%(2$5!
;.(2.!%2!%4#!#I;#.('#$%?!H66!#I;#.('#$%5!:#.#!)2$8-)%#8!8-.($,!
%4#! 6(,4%! ;4&5#! 23! %4#! )7)6#! ($! &! $2(5#=3.##! #$<(.2$'#$%! :(%4!
&'9(#$%!6(,4%!&$8!&!%#';#.&%-.#!23!KW=WUbS?!
!
Drugs and treatment 
"-'! &)&)(&a!/c ! ,-' !&)&)(&!:&5!-5#8!&5!&!<#4()6#!&%!%4#!825#!
23! /U! '6BC,!9287! :#(,4%?!D%!:&5!,(<#$!2$)#!8&(67!32.!/@!8&75?!
"#$%&'()($a!J2! ($8-)#! $#;4.2%2I()(%7! ($! &$! #I;#.('#$%&6!
'28#6?! D%! :&5! -5#8!&%!%4#!825#!23!XU!',BC,!9287!:#(,4%!,(<#$!
($%.&;#.(%2$#&667!2$)#!8&(67?#-"#! $

!
L%4&$26!#I%.&)%!23!!"#$%&'%()%$*#**+',%(*LLHE0a!D$<#5%(,&%(2$&6!
;.28-)%?!D%! :&5!&8'($(5%#.#8!2.&667!2$)#!8&(67!&%!825#5!23!/UU!
',BC,1!K@U!',BC,1!&$8!@UU!',BC,!9287!:#(,4%?!&!
!
Preparation of the ethanol extract of the leaves of !"#$%&'%(
)%$*#**+',%(
+.#54! 6#&<#5! 23!!"#$%&'%( )%$*#**+',%(:#.#! )266#)%#8! 3.2'!
<&.(2-5! ;&.%5!23!E&$,&62.#1! (8#$%(3(#8!&$8!&-%4#$%()&%#8!97!&$!
#I;#.%?! H8-6%#.&%(2$! ($! &$7! 32.'! :&5! 5%.()%67! &<2(8#8! 8-.($,!
)266#)%(2$?! L%4&$26()! #I%.&)%! 23!%4#!6#&<#5! 23!!"#$%&'%(
)%$*#**+',%(:&5! ;.#;&.#8! -5($,! %4#! N2I46#%! '#%428?! d#&<#5!
:#.#!54&8#=8.(#8!&$8!;2:8#.#8!32.!&92-%!KU=K@!8&75?!Y2:8#.#8!
;6&$%!'&%#.(&6!:&5!.#;#&%#867!#I%.&)%#8!-5($,!K@U!'6 !23!#%4&$26!
($!&!.2-$8=92%%2'!36&5C?!J4(5!;.2)#8-.#!:&5!)2$%($-#8!-$%(6!%4#!
#I%.&)%!29%&($#8!:&5!)6#&.?!H%!.22'!%#';#.&%-.#1!%4(5!#I%.&)%! :&5!
)226#81!3(6%#.#8!&$8!#<&;2.&%#8?*!J4#!#I%.&)%!%4-5!29%&($#8!:&5!
5%2.#8!&%!.22'!%#';#.&%-.#?!J4#!7(#68!29%&($#8!:&5!ec!:B:!23!
H62)&5(&!'&).2..4(O&!'&%%#.!($!%4#!.&:!'&%#.(&6?!LLHE!:&5!-5#8!
($!%4#!5%-87!&%!%4#!825#5!23!/UU!',BC,1!K@U!',BC,!&$8!@UU!',BC,?!
J4#5#!&.#!%4#!825#5!5#6#)%#8!3.2'!&!;.#<(2-5!5%-87!&55#55($,!%4#!
&$%(2I(8&$%1!&$%(=($36&''&%2.71!&$8!&$%(=$2)()#;%(<#!&)%(<(%(#5!23!
%4#! 6#&<#5?! J4#!#I%.&)%! :&5! 5-5;#$8#8! ($! /c! ,-'! &)&)(&! &$8!
&8'($(5%#.#8!2.&667!%2!%4#!.&%5!2$)#!8&(67?!H66!%4#!)4#'()&65!&$8!
8.-,5! -5#8! ($! %4(5! #I;#.('#$%! :#.#! 23! &$&67%()&6! ,.&8#?! [.-,5!
:#.#!3.#5467!;.#;&.#8!97!5-5;#$8($,!%4#'!($!%4#!<#4()6#!*/c!,-'!
&)&)(&0?!&!
!
Experimental Procedures 
J4#!.&%5!:#.#!.&$82'67!8(<(8#8!($%2!3(<#!,.2-;5!23!5(I!.&%5!#&)41!

-5($,! ;475()&6! .&$82'(5&%(2$! %#)4$(f-#5! &$8! :#.#! '&.C#8! 32.!
(8#$%(3()&%(2$?!
!
Nephrotoxicity induction 
T#;4.2%2I()(%7!:&5!($8-)#8!97!($G#)%($,!"#$%&'()($!&%!&!825#!23!
XU! ',BC,! 9287! :#(,4%! ($%.&;#.(%2$#&667! 2$)#! 8&(67! 32.! /U!
8&75?#-"#! !
!
Treatment protocol 
H$('&65!:#.#!8(<(8#8!($%2!3(<#!,.2-;5!23!5(I!.&%5!#&)41!&$8!8.-,!
&8'($(5%.&%(2$!*J&96#!/0?!
!
".2-;5!D!&$8!DD!:#.#!C#;%!&5!)2$%.26!,.2-;5?!".2-;5!DDD=F!:#.#!
%4#!%#5%!,.2-;5?!J4#!%#5%!8.-,!:&5!5-5;#$8#8!($!/c!,-'!&)&)(&!
&$8!:&5!,(<#$!%2!.&%5!2$)#!8&(67!2.&667!32.!/U!8&75?!
!
T#;4.2%2I()(%7! :&5! ($8-)#8! ($! ".2-;5! DD!=! F! 97! ($G#)%($,!
"#$%&'()($!XU! ',BC,!9287! :#(,4%!($%.&;#.(%2$#&667!2$)#!8&(67!
32.!/U!8&75?$#-"#! !
!
Evaluation of nephrotoxicity 
+2662:($,! /@! 8&75! 23! %.#&%'#$%1! 96228! 5&';6#5! *K'60! :#.#!
)266#)%#8!3.2'!#&)4!&$('&6!-5($,!%4#!($%.&)&.8(&)!%#)4$(f-#!-$8#.!
#%4#.!&$&#5%4#5(&?!J4#!96228!5&';6#5!:#.#!5#$%!32.!9(2)4#'()&6!
#5%('&%(2$?!J4#7!:#.#!&$&675#8!32.!-.#&1!).#&%($($#!&$8!-.()!&)(8?$

#' !*J&96#!K0!
!
Histopathological examination 
H$('&65!:#.#!#-%4&$(5#8!-5($,!528(-'!;#$%29&.9(%2$#!&%!&!825#!
23! /UU! ',BC,!9287! :#(,4%!($%.&;#.(%2$#&667?!J4#!&$('&65! :#.#!
8(55#)%#81! &$8! %4#! C(8$#75! :#.#! .#'2<#8! *+(,-.#! W=V0?! J4#!
5;#)('#$5! :#.#! :&54#8! ($! $2.'&6! 5&6($#! &$8! 3(I#8! ($! /Uc!
32.'&6($?! Z.,&$5! :#.#! 5#$%! 32.! '().25)2;()! 4(5%2;&%4262,()&6!
#<&6-&%(2$?! "62'#.-6&.! )2$,#5%(2$1! %-9-6&.! )&5%51! ;#.(%-9-6&.!
)2$,#5%(2$1! #;(%4#6(&6! 8#5f-&'&%(2$1! 96228! <#55#6! )2$,#5%(2$1!
($%#.5%(%(&6!2#8#'&!&$8!($36&''&%2.7!)#665!:#.#!$2%#8?$#' !!
*J&96#!W0!
!
Statistical Analysis 
N($)#!%4#!<&.(&96#5!($!%4(5!5%-87!32662:!&!$2.'&6!8(5%.(9-%(2$1!8&%&!
:#.#!#I;.#55#8!&5!%4#!'#&$!_!5%&$8&.8!#..2.!23!%4#!'#&$!*NLE0?!
+2.!($%#.,.2-;!&$&675(51!2$#=:&7!HTZFH!32662:#8!97![-$$#%%M5!
'-6%(;6#=)2';&.(52$!%#5%! :&5! -5#8!%2! )2';&.#! '#&$5! :(%4!%4#!
$#,&%(<#!&$8!;25(%(<#!)2$%.265?!
!
J4#! ;.29&9(6(%7! <&6-#! *;0! 6#55! %4&$! U?U@! :&5! )2$5(8#.#8!
5%&%(5%()&667!5(,$(3()&$%?!N%&%(5%()&6!&$&675(5!:&5!)&..(#8!2-%!-5($,!
".&;4Y&8!D$5%&%!523%:&.#?!

 
 

Table 1: Different groups, drug dose and route of administration. 
 

Groups No. of animals Drug and route of administration Dose Number of days 
Group I 6 1% Gum acacia 10ml/kg body weight, OD 15 
Group II 6 1% Gum acacia 10ml/kg body weight, OD 15 15 

Gentamicin 40mg/kg body weight, OD 10 
Group III 6 EEAM 100mg/kg body weight, OD 15 15 

Gentamicin 40mg/kg body weight, OD 10 
Group IV 6 EEAM 250mg/kg body weight, OD 15 15 

Gentamicin 40mg/kg body weight, OD 10 
Group V 6 EEAM 500mg/kg body weight, OD 15 15 

Gentamicin 40mg/kg body weight, OD 10 
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Table 2: Effects of !"#$%&'%()%$*#**+',%(on biochemical parameters. 
 

Treatment groups n=6 Blood urea (mg/dl) Serum creatinine (mg/dl) Serum uric acid (mg/dl) 
Group I 36.5±0.92 0.66±0.02 1.98±0.54 
Group II 49.16±1.83!!!  0.9±0.03!!!  8.71±0.86!!!  
Group III 45.66±3.26!!  0.83±0.02!!!  5.91±0.27!!!"  
Group IV 39.5±1.80""  0.78±0.04""  5.41±0.32!!!""  
Group V 38.66±1.25"""  0.7±0.0"""  4.61±0.75!!"""  

*p<0.05 significant; **p <0.01 very significant, ***p<0.001 very highly significant. (when compared to control group I.) 
"  p<0.05 significant; "" p <0.01 very significant, """ p<0.001 very highly significant. (when compared to the Gentamicin group, Group II.) 

The results are expressed as mean± SEM. 
 

Table 3: Effects of !"#$%&'%()%$*#**+',% on the histopathological changes in renal tissue 
 

Groups Glomerular 
congestion 

Tubular 
casts 

Peritubular 
congestion 

Epithelial 
desquamation 

Blood vessel 
congestion 

Interstitial 
edema 

Inflammatory 
cells 

I _ _ _ _ _ _ _ 
II ++ ++ +++ +++ +++ +++ ++ 
III + ++ +++ ++ + ++ + 
IV + _ + + ++ _ ++ 
V _ + _ + _ _ _ 

 
(-) Normal, (+) little effect, (++) appreciable effect, (+++) severe effect.#$% 

 

 
 

Figure 1: Gentamicin Structure 
 

 
 

Figure 2: !"#$%&'%()%$*#**+',%(
 

 
(

Figure 3: Instruments used for evaluation of Renal Parameters 
 

 
 

Figure 4: Airtight chamber used for Euthanasia 
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Figure 5: Experimentation Process 
 

Figure 6: Dissection of animals 
 

 
 

Figure 7: Removal of Kidney specimen 
 

Figure 8: Kidney Specimen 
 

  
 

Figure 9 
 

 
Figure 10 

 
 

Figure 11: Serum Uric acid levels in different groups. 
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Figure 12: Histopathology Slides Group I, Group II, Group Ill, Group IV and Group V 

 

RESULTS 
 
Evaluation of nephrotoxicity: Biochemical analysis 
P6228!:&5!5#$%!32.!9(2)4#'()&6!&$&675(5!&$8!:&5! &$&675#8!32.!
96228!-.#&1!5#.-'!).#&%($($#!&$8!N#.-'!-.()!&)(8?!J4#!.#5-6%5!23!
%4#!96228!&$&675(5!:#.#!%&9-6&%#8!($!J&96#!K?!P&.!,.&;45!542:($,!
96228!-.#&1!5#.-'!).#&%($($#!&$8!5#.-'!-.()!&)(8!:#.#!542:$!($!
+(,-.# !g=//? !
J4#!.#5-6%5!&.#!#I;.#55#8!&5!'#&$_!NLE*$he0?!
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($8-5%.(&6! ;.28-)%5?! F26?/?! T#:! [#64(a! Y-96()&%(2$! &$8!
D$32.'&%(2$![(.#)%2.&%#>!KUUX?!

e?! R&4'&$!EH1!N26&('&$!E1!^&f-#!EL1![&5!Hi?!H$&6,#5()!
&$8! &$%(=($36&''&%2.7! &)%(<(%(#5! 23!!"#$%&'%( '23'$%?! Z.(#$%!
Y4&.'!LI;!E#8?!KU//>//a/XW=/Xe?!

A?! E-66&!\1! i-)4#C&.!N1!J42.&%!F1!S42;&8#!H1!i-)4#C&.!P?!
H$%(2I(8&$%1!&$%($2)()#;%(<#!&$8!&$%(=($36&''&%2.7!&)%(<(%(#5!
23!#%4&$26()!#I%.&)%!23!6#&<#5!23!!"#$%&'%('23'$%!*N)42%%?0?!Q!
j2-$,!Y4&.'?!KU/U>K*K0a/WA=/XW?!

V?! E-66&!\H1!N&.,&8#!YP1!Y&:&.!HE1!J&.C&59&$8!^H1!N&77&8!
+Q?! H$%('().29(&6! &)%(<(%7! 23!!"#$%&'%( '23'$%?! D$%! Q! Y4&.'!
J#)4!R#5?!KU/U>KaWKA=WWW?!

g?! ^#6&6! L[1! "&'&6! L1! L6=\&4&9! H1! N&'(&! E1! E#%:&667! N1!
N&%%&.!HE1!-.(%"?!L33#)%!23!!"#$%&'%()%$*#**+',%!#I%.&)%!2$!
4#;&%2.#$&6! 3-$)%(2$5! ($! '()#?! L,7;%! Q! ^25;! E#8?!
KUUV>WWaeUW=eUV?!

/U?!i#! j1! m42-! n1! P&(! o?! N%-8(#5! 2$! %4#! &$%(%-'2.! #33#)%! 23!
!"#$%&'%()%$*#**+',%?!m42$,!j&2!S&(?!/ggg>KK*@0aK@K=K@W?!

//? !\&$,! ^n1! T,! JP?! H62)&5($1! &$! &$%(3-$,&6! ;.2%#($! 3.2'!
.4(O2'#5!23!%4#!,(&$%!%&.2!!"#$%&'%()%$*#**+',%?!Y.2%#($!LI;.!
Y-.(3?!KUUW>KV*/0ag=/X?!

/K?!T&8C&.$(! Hi1! T&8C&.$(! iE?! D$8(&$! '&%#.(&! '#8()&?!
P2'9&7a!Y2;-6&.!Y.&C&54&$!Y<%!d%8>!/ggg?!;?!AK?!

/W?!i(.%(C&.! iR1! P&5-! P[?! D$8(&$! '#8()($&6! ;6&$%5?! K$8! #8?!
[#4.&8-$a!T#:!S2$$&-,4%!Y6&)#>!/gA@?!

/X?!R&4'&$!EE1!^255&($!EH1!N(88(f-#!NH1!P(;6&9!iY1!k88($!
E^?!H$%(47;#.,67)#'()1!&$%(2I(8&$%!&$8!)7%2%2I()!&)%(<(%(#5!
23!!"#$%&'%( )%$*#**+',#&! .4(O2'#! #I%.&)%?! J-.C! Q! P(26?!
KU/K>Wea@AX=@Ag?!

/@?!Y&%(6!PR1!P&'&$#!N^1!i4&85&.#!kR?!42(5'.*#!;.2%#)%(2$!23!
4#;&%2)7%#5!97!!"#$%&'%()%$*#**+',%!6#&3!G-()#!&,&($5%!SS6&!
&$8! %76#$26! '#8(&%#8! 4#;&%()! ($G-.7?! D$%! Q! Y4&.'! H;;?!
KU//>K*K0a/KK=/KA?!

/e?!E&$8&6!Y1!E(5.&!Ji1!N($4&!H[?!H$%(2I(8&$%!&)%(<(%7!($!%4#!
#I%.&)%5!23!%:2!#8(96#!&.2(85?!D$8(&$!Q!Y4&.'!N)(?!KU/U>/a/U@=
/UV?!

/A?!E($,#2%=d#)6#.)f! EY1! J-6C#$5! YE?! H'($2,67)25(8#5a!
$#;4.2%2I()(%7?! H$%('().29! H,#$%5! S4#'2%4#.?!
/ggg>XW*@0a/UUW=/U/K?!

/V?!E2.&6#5!HD1!P-(%.&,2!QE1!N&$%(&,2!QE1!+#.$p$8#O=J&,&..2!
E1!dq;#O=T2<2&!QE1!Yr.#O=P&..(2)&$&6!+?!Y.2%#)%(<#!#33#)%!
23! %.&$5=.#5<#.&%.26! 2$! ,#$%&'()($=($8-)#8! $#;4.2%2I()(%7?!
H$%(2I(8!R#82I!N(,$&6?!KUUK>X*e0aVgW=VgV?!

/g?!D56&'! Ei1! E&4'-8! D1! N&4&! N1! N&.C#.! HP1! E2$8&6! ^?!
Y.#6('($&.7! ;4&.'&)262,()&6! #<&6-&%(2$! 23!!"#$%&'%( '23'$%!
N)42%%!%-9#.?!Q!D$%#,.!E#8?!KU/W>//*@0aWXW=W@/?!

KU?!j&5($!i+1!N&9(.!E1!N4#.:&$(!Ei1!m&3&.!E1!j&5'($!N1!H6&'!
ED?! H'#6(2.&%(2$! 23! ,#$%&'()($! $#;4.2%2I()(%7! 97! <(%&'($!
Pe! *&! ,#$#.&6! &$8! 4(5%2)4#'()&6! ;.23(6#0?! Y&C! Q! E#8! R#5?!
KUUW>XK*K0aeg=AW?!

K/?!"2-<#&!\d1!H6;#.%!^S1!i#66#7!Q1!Y&.82!F1!F&&'2$8#!SH?!
Y462.(O($=($8-)#8! ,67)25-.(&! 82#5! $2%! ;.#<#$%! ,#$%&'()($!
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$#;4.2%2I()(%7!($!.&%5?!i(8$#7!D$%?!/gVg>W@*X0a/UX/=/UXV?!
KK?!i25#C! QS1! E&OO#! RD1! S2-5($5! EQ?! T#;4.2%2I()(%7! 23!

,#$%&'()($?!d&9!D$<#5%?!/gAX>WUaXV=@A?!
KW?!P#$$#%%!\E1!Y6&';!SL1!"(69#.%![T1!Y&.C#.!RH1!Y2.%#.!"H?!

J4#!($36-#$)#!23!825&,#!.#,('#$!2$!#I;#.('#$%&6!,#$%&'()($!
$#;4.2%2I()(%7a!8(552)(&%(2$!23!;#&C!5#.-'!6#<#65!3.2'!.#$&6!
3&(6-.#?!Q!D$3#)%![(5?!/gAg>/XU*X0a@Ae=@VU?!

KX?!T&5.(!^1!T#'&%9&C454!E1!i2;&#(!RE?!L%4&$26()!#I%.&)%!23!
,&.6()!32.!&%%#$-&%(2$!23! ,#$%&'()($=($8-)#8!$#;4.2%2I()(%7!
($!\(5%&.!.&%5?!D.&$!Q!i(8$#7![(5?!KU/W>A*@0aWAe=WVK?!

K@?!H4'&8!om1!Q&4&$!T1!H4'&8!"1!J&G-88($?!T#;4.2;.2%#)%(<#!
#33#)%!23!i&9&9!)4($(!*6'7-*($89-9%0!($!,#$%&'()($=($8-)#8!
$#;4.2%2I()(%7?!N&-8(!Q!i(8$#7![(5!J.&$5;6?!KU/K>KW*X0aAAW=
AV/?!

Ke?!Z6(<#(.&! +QY1! S(;-662! QY1! P-.8'&$$! LH?! H'($2,67)25(8#!
$#;4.2%2I()(%7?!P.&O!Q!S&.8(2<&5)!N-.,?!KUUe>K/*X0aXXX=X@K?!

KA?!E&.%s$#O=N&6,&82! S1! dq;#O=̂ #.$p$8#O! QY1! dq;#O=T2<2&!
QE?!"62'#.-6&.!$#;4.2%2I()(%7!23!&'($2,67)25(8#5?!J2I()26!
H;;6!Y4&.'&)26?!KUUA>KKWaVe=gV?!

KV?!^2(%5'&! HQ1! \#%O#65! Q+1! i2#$#! RH?! [.-,=($8-)#8!
$#;4.2%2I()(%7a!&#%(262,71!)6($()&6!3#&%-.#5!&$8!'&$&,#'#$%?!
[.-,!N&3?!/gg/>e*K0a/W/=/XA?!

Kg?!i&.&%&t!j1!N#u(6'(t!EH1!i&.&7&76&6(!D1![2.&$!+1!Pv7vC&3t&.!
i1!N($,(.(C!L1!-.(%"/!L33#)%!23!%#';26!*X=478.2I7!%#';20!2$!
,#$%&'()($=($8-)#8! $#;4.2%2I()(%7! ($! .&%5?! +-$8&'! S6($!
Y4&.'&)26?!KUUX>/V*/0aAg=VW?!

WU?!E&%%4#:5!YQ?!"#$#%()!8(<#.5(%7!($!%&.2!&$8!%4#!;.#5#.<&%(2$!
23!)-6($&.7!C$2:6#8,#?!L%4$292%&$7!Q?!KUUX>Ka@@=A/?!

W/?!"629($'#8?! !"#$%&'%( )%$*#..4(O&! wD$%#.$#%x?! KU/U! w)(%#8!

KU/@! N#;! KKx?! H<&(6&96#! 3.2'a4%%;aBB:::?,629($'#8?)2'B!
($8#I?;4;y2;%(2$h)2'z)2$%#$%l<(#:h&.%()6#l(8h/!
U/gUKa&62)&5(&='&).2..4(O&l)&%(8h/ggl(%#'(8h/Wg!

WK?!N-! d1! j($! Q1! S4&.6#5! [1! m42-! i1! E22.#! Q1! j-! d?! J2%&6!
;4#$26()! )2$%#$%51! )4#6&%($,! )&;&)(%(#5! &$8! .&8()&6!
5)&<#$,($,!;.2;#.%(#5!23!96&)C!;#;;#.)2.$1!$-%'#,1!.25#4(;1!
)($$&'2$!&$8!2.#,&$2!6#&3?!+228!S4#'?!KUUA>/UUaggU=ggA?!

WW?!R&'7&1! k66&6! N[1! E&5C#.(! R1! Y.&8##;%(! EN1! k''&! ^1!
R&G#54:&.(!N?!T#,&%(<#!#33#)%!23!!"#$%&'%()%$*#**+',#&!2$!
%4#! 6(;(8! ;.23(6#! ($! 47;#.6(;(8#'()! .&%5?! Q! Y4&.'! T#,&%(<#!
R#5-6%5?!KU/K>Wag=/K?!

WX?!T&C&$(54(!T1!N-O-C(!i1!i&:&54('2!^1!T&C&'-.&!i1!J&%&.&!
i?!N#.-'!-.()!&)(8a!)2..#6&%(2$!:(%4!9(262,()&61!)6($()&6!&$8!
9#4&<(2-.&6! 3&)%2.5! ($! Q&;&$#5#! '#$?! Q! L;(8#'(26?!
/ggg>g*K0agg=/Ue?!

35.! \2.%'&$$! Rd?! [(52.8#.5! 23! ;-.($#! &$8! ;7.('(8($#!
'#%&926(5'?!D$a!+&-)(!HN1!i&5;#.![d1!d2$,2![d1!P.&-$:&68!
L1! ^&-5#.! Nd1! Q&'#52$! Qd:( -.( %"?1! #8(%2.5?! ^&..(52$M5!
;.($)(;6#5!23!($%#.$&6!'#8()($#?!F26?!DD?!/A%4!#8?!T#:!j2.Ca!
E)".&: =̂ (66>!KUUV?!;?!KXXX=KXXg?  
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