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ÖZET 

GLİKOZİLLENMİŞ TIRNAK PROTEİNLERİNİN BİYOLOJİK VARYASYON 

VE REFERANS DEĞİŞİM DEĞERLERİNİN BELİRLENMESİ 

 
Amaç: Literatürde farklı çalışma grupları tarafından serum, plazma, idrar gibi vücut 

sıvılarında farklı analitlerin birey-içi ve bireyler-arası biyolojik varyasyon değerleri 

bildirilmiş olup, bu parametreler klinik tanı ve takipte kullanılan bir analite ait referans 

aralıklarının kullanımın yararlılığını ortaya koymada fayda sağlamaktadır. Yapılan 

çalışmalarda diyabetik hastalarda özellikle uzun dönem glisemik kontrolün 

izlenmesinde glikozillenmiş tırnak proteinlerinin kullanımına yönelik dikkate değer 

veriler bulunmaktadır. Bu çalışmanın amacı glikozillenmiş tırnak proteinlerinin birey -

içi ve bireyler-arası biyolojik varyasyon değerlerini, bireysellik indeksini ve referans 

değişim değerlerini belirleyerek, glikozillenmiş tırnak proteinleri analiz test 

sonuçlarının değerlendirilmesine katkı sağlamaktır. 

Materyal ve Metot: Çalışmaya 18-45 yaş aralığında ve her iki cinsiyette herhangi bir 

hastalık hikâyesi olmayan 32 sağlıklı gönüllü (18 kadın ve 14 erkek) dâhil edildi. 

Çalışmaya dâhil olan gönüllülerden elde edilen tırnak ve kan numuneleri seçilen 6 aylık 

bir zaman diliminde 10 farklı zamanda alındı. Glikozillenmiş tırnak proteinleri ölçümü 

modifiye edilmiş spektrofotometrik nitro-blue tetrazolyum (nitro-blue tetrazolium-

NBT) metoduna göre yapıldı. 

Bulgular: Glikozillenmiş tırnak proteinleri için birey-içi ve bireyler-arası biyolojik 

varyasyon değeri sırasıyla %17,59 ve %29,01 olarak belirlendi. Hesaplanan bireysellik 

indeksi değeri 0,606 olup; bir parametre için bireyin seri ölçümlerinde klinik açıdan 

anlamlı farklılığı gösteren referans değişim değeri glikozillenmiş tırnak proteinleri için 

%95 olasılık ile %55,1 olarak belirlendi. 

Sonuç: Glikozillenmiş tırnak proteinleri için elde edilen bu sonuçlar bireyselliğin 

yüksek olduğunu ve bu nedenle referans aralıklarının kullanımına oranla bireyin önceki 

sonuçlarına göre yapılan değerlendirmelerde değişimlerdeki anlamlılığın saptanmasının 

klinik olarak daha yararlı olacağını göstermektedir. 

Anahtar Kelimeler: bireysellik indeksi, biyolojik varyasyon, glikozillenmiş tırnak 

proteinleri, referans değişim değerleri. 

Memnune AYDINHAN. Yüksek Lisans Tezi.  Giresun Üniversitesi – Giresun, Mart-2018. 
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ABSTRACT 

DETERMİNATİON OF BİOLOGİCAL VARİATİON AND REFERENCE 
CHANGE VALUES OF GLYCATED NAİL PROTEİNS 

 

Aim: In the literature, the biological variation values of different analytes in the body 

fluids such as serum, plasma, and urine have been reported by different study groups. 

These parameters are useful in revealing the usefulness of the use of the reference 

intervals belonging to the clinical diagnosis and follow-up analysis. There are 

considerable data about the use of glycated nail proteins in especially long-term glycemic 

control monitoring in previous studies. The aim of this study was to contribute to the 

evaluation of glycated nail proteins analysis test results by determining the within-subject 

biological variation, between-subject biological variation, individuality index, and 

reference change values of glycated nail proteins. 

Materials and Methos: Thirty-two healthy volunteers in both genders (18 female and 14 

male), aged 18-45 years and without any disease history, were included in the study. The 

nail and blood samples from the volunteers involved in the study were taken at 10 

different times within a selected 6-monthly time period. The measurement of glycated 

nail proteins was performed according to the modified spectrophotometric nitro-blue 

tetrazolium (NBT) method.  

Results: The within-subject biological variation and between-subject biological variation 

of glycated nail proteins were 17.59% and 29.01%, respectively. The calculated 

individuality index value was 0.606; the reference change value showing a clinically 

significant difference in the individual's serial measurements for a parameter was 55.1% 

with 95% probability for glycated nail proteins. 

Conclusions: These results for glycated nail proteins show that the individuality is high 

and therefore it is clinically more useful to determine the significance of the changes in 

the assessments made according to the individual's previous results than the use of the 

reference intervals. 

Key words: biological variation, glycated nail protein, individuality index, reference 

change values. 

Memnune AYDINHAN. Master’s Thesis. Giresun University – Giresun, March-2018. 
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!T21!+$%+#(!*%12,+!*4!,#(!*%12,#\#:!#\ht),#1&*,%(#$%1%5&,4%#0)+),'%4&5&#02+42*2+'2712*#i4!#

P!*(!*#:!#%*(<6#]hhdj<#I!*%12,#d6# 3%;# 8.+2(9+9,9,#:!# 1&*,%(#9,21!32,2,#425!*#$!*+!*2,4!#

0)+),)*(!,6# '.,.(+.,%+# %,12(!*%12,# %,12(.*)# GC#  HAM# \# 1%*%8&,4%,# 3%T1%,%,# C%_\#

iI^\j6# 1&*,%(# '%1*232# :!# 3%;# 8.++2(9+9,9,# -!*'2,%+# '%1*232,4!# 0)+),)*<# @25!*# 3!*1#

3%;m1&*,%(# (!*%12,+!*2,4!,# Ifb# i/C0bj6# I^`# i/C%`j6# If\# i/C0\j# :!# Ifc# i/C0cjt,&,#

/!T32,2,# '%1*232,# (.,:%,32$.,!+# 3&,&*+%*&# 2;!*232,4!# 3&,&*+&# .+%*%(# 0)+),4)5)#

:)*-)+%,'&71&*# i4!# P!*(!*# :!# P%*%,6# ]h\]j<# F@F_E>QL# ()++%,&+%*%(# $%T&+%,# 02*#

;%+&7'%4%#1&*,%(#T+%5&,4%#!T21!+$%+#(!*%12,+!*#.+%,#I\6#Ib6#Ic6#I\h6#I\`6#I\c#:!#I\d#

!(3T*!3!#!42+2*(!,6# 1&*,%(#$%1%5&,4%# 23!#3)T*%0%"%+#(!*%12,+!*#.+%,#Ic6#I\c#:!#I\d#:!#

1&*,%(# '%1*23# (*!%12,+!*2# .+%,# I\6# Ib6# I\h# :!# I\`# !(3T*!3!# !42+4252# -J31!*2+'2712*#

iI23/%0.,-.#:!#%*(<6#]h\bj<#

#

#

#

*;<=3# 9698#  &*,%5&,# 8%*(+&# +.(%3$.,+%*&,4%# (!*%12,# -!,# !(3T*!3$.,+%*&# i4!# P!*(!*# :!#

P%*%,6#]h\]j<##

#

96:6#CK4J;=P3;K=P#B3=<4U=333;PH;3;K=#

Q+2(."2++!,'!# *!%(32$.,+%*&# .+%*%(# 02+2,!,# (%*0.,/24*%1#'.+!(9++!*2,2,# T*.1!2,#

'.+!(9++!*2,!# 0%5+%,'%3&# !,"2'%12(# :!# ,.,_!,"2'%12(# *!%(32$.,+%*# 7!(+2,4!# .+)7)*<#

I%*0.,/24*%1+%*&,# T*.1!2,+!*!# 0%5+%,'%3&# /9D*!4!# !,4.T+%"'2(# *!12()+)'# 2+!# -.+-2#



\`#
!

.*-%,!++!*2,2,#"%*+%*&,4%#0)+),%,#-+2(."2+#1*%,38!*%"#!,"2'+!*2#1%*%8&,4%,#(%1%+2"+!,2*#:!#

(%*0./24*%1+%*#T*.1!2,+!*2,#%3T%*%a2,6#3!*2,#:!$%#1*!.,2,#%'2,.%321+!*2,2,#$%,#"2,D2*+!*2,!#

-+2(."242(#0%5#2+!#0%5+%,&*3%#!,"2'%12(#-+2(."2++!,'!6#2,42*-!$2D2#7!(!*+!*#2+!#7!(!*+!*2,#

'!1%0.+2(# 19*!:+!*26# /!*/%,-2# 02*# !,"2'# 1%*%8&,4%,# (%1%+2"+!,'!4!,# T*.1!2,+!*# 2+!#

1!T(2'!$!#-2*2$.*3%#,.,_!,"2'%12(#-+2(."2++!,'!#7!(+2,4!#-!*;!(+!72*#iI&+&,;6#]h\\j<##

96:676#!PU=H1J=<#B3=<4U=33;PH;#(;1<T=L4P31Ka#

L,"2'%12(# -+2(."2++!,'!# -+2(."2+# 1*%,38!*%"+%*&,# (%1%+2"J*+959,4!# T*.1!2,+!*2,#

%3T%*%a2,6# 3!*2,6# 1*!.,2,# :!# /24*.(32+2"2,# %'2,.# %321+!*2,!# -+)(."6# -%+%(1."6# '%,,."6#

8*)(1."6#B_%3!12+#-+)(."%'2,6#B_%3!12+#'%,,."%'2,#:!#32%+2(#%321+!*2,#B_#:!#Z_-+2(."24#

0%5+%*&# 2+!# 0%5+%,'%3&# 2+!# -+2(.T*.1!2,+!*2,# .+)7)')# 7!(+2,4!# '!$4%,%# -!+!,#

*!%(32$.,+%*#42"23242*#i>+&D&#:!##@9+-!*6#]hh\j<####

96:696#.4PX;PU=H1J=<#B3=<4U=33;PH;#(;1<T=L4P31Ka#

Q9,9'9"4!#T*.1!2,+!*2,#,.,_!,"2'%12(#-+2(%3$.,),%#y=%2++%*4#*!%(32$.,)y#%4&#

:!*2+'!(1!42*<# G.)23# M%'2++!# =%2++%*4# i\g\]j# 2+(# .+%*%(# *!49(32$.,# 7!(!*+!*2,2,#

;J"!+124!(2# %'2,.# %321+!*+!# *!%(32$.,%# -2*!*!(# (.$)# *!,(+2# 9*9,+!*# i'!+%,.242,+!*j#

9*!11252,2# 02+42*'2712*# i=%2++%*46# \g\]j<# >*4&7&(# :!# T%*%+!+# 1!T(2'!+!*4!,# .+)7%,#

(%*'%7&(# 02*# .+%$# .+%,# =%2++%*4# *!%(32$.,)# !*(!,6# %*%# :!# -!;# .+'%(# 9"!*!# 9;# %,%#

%7%'%$%# %$*&+&*# iF%4.q3(%_P%*1.3"# :!# P%*1.3"6# ]h\bj<# L*(!,# %7%'%4%6# -+)(."# i:!$%#

8*)(1."6#T!,1."+%*6#-%+%(1."6#'%,,."6#%3(.*0%16#(32+9+."#-202#425!*#2,42*-!$2D2#7!(!*+!*j#

(%*%*3&"# 02*# %*%# 9*9,# .+%,# FD/288# 0%"&,&# .+)71)*'%(# 2;2,# T*.1!2,+!*6# ,9(+!2(# %321+!*# :!#

+2T24+!*# 4!# 4e/2+# .+'%(# 9"!*!# 02*(%;# '.+!(9+9,# 02*# 3!*0!31# %'2,.# -*)0)# 2+!# ,.,_

!,"2'%12(#02*#7!(2+4!#*!%(32$.,%#-2*!*#iG%T.++%#:!#%*(<6#]hhbj<#FD/288#0%"&#.+)7)')#-!*2#

4J,979'+9# 02*# *!%(32$.,# .+'%(+%# 02*+2(1!6# -!,!++2(+!# -!*2# 4J,979'39"# 02*# *!%(32$.,#

.+%,# >'%4.*2# 49"!,+!'!32,!# )5*%*# :!# >'%4.*2# 9*9,+!*2# %4&,&# :!*4252'2"# T*.1!2,+!*#

.+)7)*#iP9$9(-9"!+6#]h\^j<#A,#:2:.#(.7)++%*4%#>'%4.*2#9*9,9#$%(+%7&(#\b_]h#-9,#3.,*%#

4!,-!$!#)+%7&*#:!#/!'#(&3%#J'9*+9#/!'#4!#)"),#J'9*+9#T*.1!2,+!*!#-!*2#4J,979'39"#

0%5+%,%*%(# 02*2(2*<# >*%# %7%'%4%6# -!;2*42(+!*2# .(324%3$.,# :!# 4!/24*%1%3$.,#

*!%(32$.,+%*&,%#0%5+&#.+%*%(#>'%4.*2#9*9,96# 19*!12+42(+!*2#7!(!*+!*4!,#;.(#4%/%#*!%(128#

.+%,#;!721+2#(%*0.,2+#i-+2.(3%+6#'!12+-+2.(3%+6#4!.(32-+)(.".,+%*#-202j#02+!72(+!*!#4J,979*#

iG%T.++%#:!#%*(<6#]hhbj<#Q!;#%7%'%4%6#>'%4.*2#9*9,9#4%/%#(%*%*+&#N+!*2#Q+2(%3$.,#F.,#

S*9,+!*2,2# i>4:%,D!4# Q+$D%12.,# L,4# E*.4)D13_>QLt+!*j# .+)71)*'%(# 2;2,# 32(+2"%3$.,6#

.(324%3$.,#:!#4!/24*%3$.,#-202#*!%(32$.,+%*&#2"+!$!,#$!,24!,#49"!,+!'!+!*2,#%*4&,4%,#

i'.+!D)+)3j# )"),# J'9*+9# T*.1!2,+!*4!# 02*2(!,# :!# /%3%*%# ,!4!,# .+%,# ;J"9,'!"6# -!*2#



\b#
!

4J,979'39"# 02*# *!%(32$.,# .+%,6# -!,!++2(+!# 3%*&_(%/:!*!,-2# :!# 8+.*!3%,# J"!++2(+!*4!#

>QLt+!*# .+%*%(# %4+%,4&*&+%,# 02+!72(+!*2# .+)71)*)*+%*# iF!:!*2,# :!# %*(<6# ]h\^j<# P)#

02+!72(+!*2,# (2'$%3%+# ,21!+252# /!,9"# 2$2# 1%,&'+%,'%'&7# .+'%3&,%# *%5'!,# 3.,#

%*%71&*'%+%*6# >'%4.*2# 9*9,9,# .(324%128# :!# ,.,.(324%128# 49"!,+!'!+!*# 2+!# 4!5272'!#

)5*%$%*%(# :!$%# T%*;%+%,%*%(# 0%7+&D%# 8)*8)*%++!*6# *!49(1.,+%*6# 42(%*0.,2++!*# 2+!#

/24*.(32(%*0.,2++!*# 3&,&8&,4%,#02+!72(+!*2#(%T3%$%,#-+2(%3$.,#%*%#9*9,+!*2#:!#-+2(%3$.,#

3.,#9*9,+!*2,!#;!:*2+4252,2#-J31!*'2712*#iI&+&,;6]h\\p[231.+2#:!#%*(<6#]h\^j<#

#

#

##################### #
#
#
#

*;<=3# 96:8# E*.1!2,+!*2,# ,.,_!,"2'%12(# -+2(."2++!,'!# 39*!D2,4!# %;&5%# ;&(%,# >'%4.*2#

9*9,+!*2#i>4:%,D!4#Q+$D%12.,#L,4#E*.4)D13_>QLt+!*j#i>,3%*2#:!#@%3/6#]h\^j<#

#



\c#
!

#

96:69676#.4PX;PU=H1J=<#B3=<4U=33;PH;L=#!J<=3;L;P#F1<JiK3;K#

B.,_!,"2'%12(# -+2(."2++!,'!# *!%(32$.,+%*&# !,"2'+!*2,# (%1&+&'&,&#

-!*!(12*'!4252,4!,#1!T(2'!+!*6#2,42*-!$2D2#7!(!*#:!#T*.1!2,2,#(.,3%,1*%3$.,+%*&6#3!*0!31#

%'2,.#-*)T+%*&#0%(&'&,4%,#*!%(12:21!32#:!#/9D*!3!+#-+)(."#-!;2*-!,+252#2+!#T*.1!2,2,#$%*&#

J'*9#-202#2,_:2:.#4!527(!,+!*!#0%5+&#.+%*%(#49"!,+!,2*#iQ%*+2D(#:!#=%"!*6#\gf^p#I&+&,;6#

]h\\j<# E*.1!2,# -+2(%3$.,)# $%:%7# 2+!*+!$!,# 02*# 1!T(2'!# 39*!D242*# :!# %$,&# T*.1!2,#

'.+!(9+9# 9"!*2,4!(2# 8%*(+&# %'2,.# -*)T+%*&,&,# -+2(%3$.,# 1!T(2'!# /&"+%*&# 02*02*2,4!,#

8%*(+&+&(#-J31!*'!(1!42*<#P)#,!4!,+!#$%*&#J'*9#(&3%#.+%,#T*.1!2,+!*4!#T*.1!2,#-+2(%3$.,)#

4979(# 3!:2$!+!*4!# -!*;!(+!7!02+2*<# U%(%1# $%*&# J'*9# )"),# .+%,# T*.1!2,+!*4!6# T*.1!2,#

9"!*2,4!# "%'%,+%# 02*2(!,# 7!(!*# '2(1%*&# 1%$2,# !42+!02+2*# 3!:2$!+!*!# )+%7'%(1%4&*#

i=23D2%-,%# :!# %*(<6# ]hhdj<# P)# ,!4!,+!# 2,_:2:.# (.7)++%*4%(2# T*.1!2,# -+2(%3$.,)#

;%+&7'%+%*&# 4%/%# ;.(# $%*&# J'*9# )"),# .+%,# T*.1!2,+!*!# 4%$%,'%(1%4&*<# F.,);# .+%*%(#

T*.1!2,#-+2(%3$.,)#/&"&#:!#49"!$2#(272,2,#$%7&,4%,#0%5&'3&"#.+%*%(#T*.1!2,2,#$%*&#J'*9#

:!#'%*)"#(%+4&5&#-+)(."#(.,3%,1*%3$.,),%#0%5+&#.+%*%(#4!5272*#iI&+&,;6]h\\j<#

96:69696#B3=<4U=3;#R;H4O342=P#jR2/7^k#

B.,_!,"2'%12(# -+2(."2++!,'!# 2+!# 4!5272'!# )5*%4&5&# 2+(# 0!+2*+!,!,# T*.1!2,6#

/!'.-+.02,42*#i>+&D&#:!#@9+-!*6]hh\j<#?!127(2,#02*!$+!*4!#1.1%+#/!'.-+.02,2,#$%(+%7&(#

ngdX32,2# .+)71)*%,# C0>X,&,# (%*0./24*%1# i3%4!D!# -+)(."# 4!52+j# 0%5+%,'&7# 8.*'+%*&#

C0>\%\6# C0>\%]6# # C0>\06# C0>\D# .+%*%(# 1%,&'+%,&*# iP*.q,+!!# :!# M!*%'26# \gf\j<#

C0>\%\6#C0>\%]#:!#C0>\0#3&*%$+%#�_"2,D2*+!*2,2,#B_1!*'2,%+#:%+2,2,#%'2,.#-*)T+%*&,%#

8*)(1."# \6c_0238.38%16# -+)(."# c_8.38%1# :!# 02+2,'!$!,# (%*0./24*%1+%*&,# C0>hX%#

0%5+%,'%3&# 2+!# %"#'2(1%*4%#.+)7%,#9*9,+!*42*<#C0>\t&,#�_"2,D2*2,2,#B_1!*'2,%+#:%+2,2,#

%'2,.# -*)0),%# -+)(."),# ,.,_!,"2'%12(# 0%5+%,'%3&# 2+!# .+)7%,# 4%$%,&(+&# $%T&# AUMM#

1%*%8&,4%,#C0>\D#.+%*%(#1%,&'+%,'&71&*#iQ!231%,-!*#:!#%*(<6#]hhfj<#C0>\D#(%,4%(2#%,%#

-+2(."2+!# /!'.-+.02,42*# :!# C0>\# t2,# $%(+%7&(# nfht,2# .+)71)*)*<# P%7+%,-&;1%# (%*%*3&"#

%'2,.# :!# %+4!/21# -*)T+%*&# %*%3&,4%(2# %+42'2,# 0%5&# iFD/288# 0%"&j# .+)7)*<# FD/288# 0%"#

%$*&+%02+2*# $%4%# -!*2# 4J,979'9# .+'%$%,# >'%4.*2# 49"!,+!'!32,!# )5*%$%*%(# 31%02+#

(!1.%'2,#$%T&3&,4%(2#C0>\D#.+)7)*#i=D@.,%+1#:!#%*(<6#\gdfj<#

C0>\D# (.,3%,1*%3$.,+%*& !*21*.321+!*2,# '%*)"# (%+4&5&# T+%"'%# -+)(."#

(.,3%,1*%3$.,),),# 02*# 8.,(32$.,)4)*<# L*21*.321+!*4!# -+)(."),# /9D*!# 2;2,!# -2*272#

2,39+2,4!,# 0%5&'3&"# .+4)5),4%,# .*1%+%'%# !*21*.321# $%7%'# 39*!32# 2+!# )$)'+)# .+%*%(#

C0>\D# ]_^# %$+&(# 4J,!'4!(2# -+23!'2(# (.,1*.+9# $%,3&1&*# iP),,6\gf\j<# C0>\D#



\d#
!

49"!$+!*2,2,# .*1%+%'%# !*21*.321# $%7%'# 39*!32# 2+!# 2+27(2+2# .+4)5)# 42((%1!# %+&,4&5&,4%#

.*1%+%'%# !*21*.321# $%7%'# 39*!+!*2,2,# (&3%+4&5&# (+2,2(# 1%0+.+%*4%# i%()1# (%,# (%$0&6#

/!'.+212(#%,!'26#.*%(#/9D*!#%,!'2326# 1%+!3!'2#-202j#/%1%+&#4979(# 3.,);+%*# 3%T1%,%02+2*#

i�2%.# :!# %*(<6# \ggfj<# Q!,;# !*21*.321+!*!# (&$%3+%# .+-),# !*21*.321+!*4!# C0>\D# 49"!$+!*2#

4%/%# $9(3!(# .+4)5),4%,# (*.,2(# /%31%+&(# %,!'232# :!# 4!'2*# !(32(+252# %,!'232,4!# 4!#

C0>\D#49"!$+!*2#$9(3!(#0)+),%02+2*#i %*2'#:!#%*(<6#\gggj<#

?%T&+%,# 8%*(+&# ;%+&7'%+%*4%#C0>\DX,2,#49"!$+!*2,4!#n\X+2(# 02*# %"%+'%,&,#42$%0!1#

2+!#2+27(2+2#'2(*.:%3(9+!*#:!#'%(*.:%3(9+!*#(.'T+2(%3$.,#*23(+!*2,4!#%,+%'+&#%"%+'%$%#

$.+# %;1&5&# .*1%$%# (.,')71)*# iB%+$3,$(# :!# %*(<6# ]h\hj<# N$2# 02*# '!1%0.+2(# (.,1*.+# 2;2,#

C0>\D# 49"!$2,2,#ndX,2,# %+1&,4%# 1)1)+'%3&# $!1!*+2# -J*9+3!# 4!# 3.,# $&++%*4%#C0>\DX,2,#

nc_c6b# 3&,&*&,%# ;!(2+'!32,2# J,-J*!,# -J*97+!*# %5&*+&(# (%"%,'%(1%4&*<#  2T# \# '!++21)31%#

$.5),#2,39+2,#1!4%:232#3&*%3&,4%#]_^#%$4%#\#(!"6#31%02+#4)*)'%#-!;2+4252,4!#$&+4%#\#(!"p#

 2T# ]# 42$%0!1!3# '!++21)31%# 23!# 1!4%:24!# 4!5272(+2(# 3&*%3&,4%# $&+4%# ]_^# (!"# J+;9+9*#

iP+..'-%*4!,6#]h\dj<##

# U%*(+&# J+;9'# '!1.1+%*&# -+2(."2++!,'27# /!'.-+.02,2# 8%*(+&# $.++%*+%# J+;1959,4!,#

()++%,&+%,#'!1.4%# 0%5+&# .+%*%(# +%0.*%1):%*+%*# %*%3&,4%# 8%*(+&# 3.,);+%*# .*1%$%# ;&(%02+2*<#

=!1.1# 31%,4%*42"%3$.,)# 2;2,# >'!*2(%# P2*+!72(# @!:+!1+!*2X,4!# 19'# +%0.*%1):%*+%*&,#

()++%,4&(+%*&# C0>\D# J+;9'# '!1.1+%*&# K+)3%+# Q+2(./!'.-+.02,# F1%,4%*42"%3$.,#

E*.-*%'&# iBQFEo# B%12.,%+# Q+$D./!'.-+.02,# F1%,4%*42"%12.,# E*.-*%'j# 1%*%8&,4%,#

3!*1282(%+%,4&*&+'&7# :!# 3.,);+%*# @MM # i@2%0!1!3# M.,1*.+# %,4# M.'T+2D%12.,3#  *2%+j#

;%+&7'%3&,4%# ()++%,&+%,# :!# %+1&,# 31%,4%*1# .+%*%(# (%0)+# !42+!,# CEGM# i$9(3!(#

T!*8.*'%,3+&#+2(24#(*.'%1.-*%82j#$J,1!'2,!#-J*!#(%+20*!#!42+'2712*<#@MM #;%+&7'%3&,4%#

()++%,&+%,#CEGM#$J,1!'2,!#-J*!#,.*'%+#3&,&*+%*#n`6h_c6h#%*%3&#(%0)+#!42+'2712*#iO%/2,#

:!##R,D!+6#]h\`j<##

96:696:6#FKN<J4U1H=P#

Q+2(."2+!# 3!*)'# T*.1!2,+!*2# :!$%# 8*)(1."%'2,# 3!*)'4%# -+)(."# 2+!# T*.1!2,+!*2,#

3!*0!31#%'2,.#-*)T+%*&#%*%3&,4%(2#,.,_!,"2'%12(#*!%(32$.,+%*&,#9*9,+!*242*#iU)*1/6\gffj<#

U*)(1."%'2,# 425!*# %4&$+%# -+2(!# %+09'2,# :!$%# -+2(!# 3!*)'# T*.1!2,26# C0>\D# 1!312,2,#

-9:!,2+2*+252,2# (&3&1+%$%,# 4)*)'+%*4%# :!# ]_^# /%81%+&(# (%,# -+)(."# (.,3%,1*%3$.,)#

4!5!*+!,42*'!4!#()++%,&+&*<#U*)(1."%'2,# 1!*2'2#-!,!+#.+%*%(#-+2(%3$.,%#)5*%$%,#0919,#

T*.1!2,+!*# 2;2,# ()++%,&+'%3&,%# *%5'!,# 3!*)'# (.,3%,1*%3$.,),),# 8%"+%# .+'%3&# :!#

-+2(%3$.,%#$%1(&,+&5&# 3!0!02$+!#%+09'2,6# 3%5+&(+&#02*#(272#4!#-+2(!# 3!*)'#T*.1!2,+!*2,2,#

nfhX2,2# 28%4!# !1'!(1!42*# i�./,3.,# :!# %*(<6# \gf^j<# U*)(1."%'2,# %,%+2"+!*2,4!# 1!*D2/#
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!

!42+!,#'!1.1# (!1.%'2,# 02+!72(+!*2,# ,21*._0+)!# 1!1*%".+2)'#0.$%3&,&# *!49(1!# !4!*!(# b]b#

,'X4!# %03.*0%,3# :!*!,# 02*# 02+!7252,# .+)7'%3&# 1!'!+2,!# ()*)+)4)*<# >,D%(# 0)# '!1.1#

3T!3282(# .+'%$&T6# 425!*# *!49(+!$2D2# %a%,+%*# J+;9'# 2+!# 2,1!*8!*%,3# :!*!02+2*# i=.3D%# :!#

%*(<6#\gfdj<#

96:69656#B3=<4U=33;PH=c# aKP1<#CK4J;=P=#

 &*,%(#-202#(!*%12,2"!#$%T&+%*4%#T*.1!2,#2;!*252#1.T+%'#(91+!,2,#$%(+%7&(#nfht2,2#

.+)71)*'%(1%4&*# iP%4!,# :!# %*(<6# \gd^j<# F%5+&(+&# (272+!*4!# 1&*,%(# T*.1!2,+!*2# -+2(%3$.,%#

$%:%7# )5*%4&5&,4%,# -+2(."2++!,'27# T*.1!2,# (.,3%,1*%3$.,)# 4979(# 0)+),')71)*<#>,D%(#

42$%0!1!3# '!++21)3)# .+%,# (272+!*4!# -+2(."2++!,'27# 1&*,%(# :!# 3%;# T*.1!2,+!*2,2,#

(.,3%,1*%3$.,),4%# %*1&7# .+4)5)# 1!3T21# !42+'2712*# iP%(%,# :!# P%(%,6# \gfbj<# >,D%(#

+21!*%19*4!# $%T&+%,# ;%+&7'%+%*# 42((%1!# %+&,4&5&,4%# 42$%0!1!3# '!++21)3# 1%,&3&,4%#

-+2(."2++!,'27# T*.1!2,+!*!# $.5),# 2+-2# 4)$)+'%3&,%# *%5'!,6# 1&*,%(# T*.1!2,+!*2,2,#

-+2(."2++!,'!32,!#8%"+%#2+-2#-J31!*2+'!'2712*<##

# N,3%,# 1&*,%(# $%T&3&6# 1&*,%(# $%1%5&6# 1&*,%(# '%1*232# :!# 1&*,%(# T+%(%3&,4%,# .+)7%,6#

4!*2# 2+!#(!32,1232"#:!# !,1!-*!#02*# $%T&4&*<# &*,%(#$%1%5&6# 32,2*+!*6# +!,8#4%'%*+%*&# :!#(%,#

4%'%*+%*&# 0)+),%,# 4!*2,# 02*# '!'0*%,4&*<! &*,%(# T*.1!2,+!*26# 1&*,%(# $%1%5&# 0J+9'9,4!#

(%,# :!# !(31*%3!++9+!*# 3&:&4%# 0)+),%,# -+)(."%# '%*)"# (%+4&(;%6# 1&*,%(# (!*%12,+!*2,2,#

-+2(."2+%3$.,)# -!*;!(+!72*# i4!# P!*(!*# :!# %*(<6# ]hhdp# W%2%36# ]h\`j<#  &*,%(# 4!5272'2#

%7%'%+&# .+%*%(# '!$4%,%# -!+4252,4!,# 2,3%,# 1&*,%5&,&,# 1%'# .+%*%(# $!,2+!,'!32# %+1&# 2+!#

4.()"# %$# -202# 02*# "%'%,# %*%+&5&,4%# 1%'%'+%,&*<# P)# ,!4!,+!# 1&*,%(# T*.1!2,+!*2,2,#

-+2(%3$.,# 39*!32# %+1&# 2+!# 4.()"# %$# 39*'!(1!42*<# P)# 4)*)'# -+2(."2++!,'27# 1&*,%(#

T*.1!2,+!*2,2#)"),#:%4!+2#-+23!'2(#(.,1*.+#2;2,#4%/%#4!5!*+2#(&+'%(1%4&*#iI23/%0.,-.#:!#

%*(<6]h\`p#I%1D/),-%#:!#%*(<6#]h\bj<#L(#.+%*%(#42$%0!12(#%$%(#$%*%+%,'%+%*&#:!# 1*.82(#

0.")(+)(+%*4%,# 4.+%$&# %$%(# T%*'%(# 1&*,%(+%*&,&,# ()++%,&'&# 1%:32$!# !42+'!'!(1!42*#

i %,1232*2q%1#:!#�%,D/%26#]hhfj<#
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#

#

#

#
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:6#B!(!-#M;#DA. !)#

#

:676#-13acH1#C4eS31TL4PN#M;#BiPS33S3;K=P#>;I=H=#

V%+&7'%$%# \f_`b# $%7# %*%+&5&,4%# :!# /!*# 2(2# D2,32$!11!# /!*/%,-2# 02*# /%31%+&(#

/2(e$!32#.+'%$%,#\f#(%4&,#:!#\`#!*(!(#.+'%(#9"!*!#^]#3%5+&(+&#-J,9++9#4e/2+#!42+'2712*<#

QJ,9++9# 02*!$+!*!#BMMGF#M]f_># 31%,4%*1+%*&,%# )$-),#.+%*%(# /%"&*+%,%,# %,(!1# 8.*')#

4.+4)*)+')7# .+),)T6# 0)# %,(!1# 02+-2+!*2# ;%+&7'%$%# 4e/2+# !1'!m*!1# !1'!# (*21!*+!*2,2#

)$-)+%'%# %'%;+&# ()++%,&+'&71&*<# V%+&7'%# 2;2,# *!1# !1'!# (*21!*+!*2# .+%*%(# 1%,&'+%,'&7#

/!*/%,-2#02*#3231!'2(#:!$%#'!1%0.+2(#/%31%+&5&,#:%*+&5&6#%()1m(*.,2(#!,8!(32$.,#:%*+&5&6##

2+%;m%+(.+m32-%*%#()++%,&'&#(%0)+#!42+42<#

:696#-13acH1# 1T1KaHa#M;#);J4]N#

V%+&7'%# J,D!32,4!# -J,9++9# 02*!$+!*4!,# %,(!1# 8.*'),)# 4.+4)*'%+%*&# 231!,42# :!#

0!+# ;!:*!326# 3231.+2(m42$%31.+2(# (%,# 0%3&,D&# J+;9'+!*2# $%T&+4&<# QJ,9++9+!*4!,# 02*# -!D!#

%;+&5&#i\h_\]#3%%1j#3.,*%3&#3%0%/#fohh_\\ohh#%*%3&#1&*,%(#J*,!(+!*2#:!#0!*%0!*2,4!#\#%4!1#

a!++2# 02$.(2'$%# 2+!# \# %4!1# L@ >X+&# 19T# .+'%(# 9"!*!# 2(2# %4!1# (%,# J*,!52# %+&,4&<# C!*#

-J,9++94!,# %+&,%,# 1&*,%(# J*,!(+!*2# 42((%1+2# 02*# (!32'4!,# 3.,*%# %$*&# %$*&# \h# !+# T%*'%(#

1&*,%5&#7!(+2,4!#.+'%(#9"!*!#1.T+%,4&#:!#/!*#02*#1&*,%(#%$*&#T.7!1+!*4!#)$-),#(.1+%'%+%*#

$%T&+%*%(# _fh�M# 4!# !,# ;.(# c# %$# .+'%(# 9"!*!# 3%(+%,4&<# L7# "%'%,+&# .+%*%(# 02$.(2'$%#

19T+!*2,!# %+&,%,# (%,# J*,!(+!*2# 3%,1*289a# !42+2T# 3!*)'+%*&# %$*&+4&(1%,# 3.,*%# )$-),#

(.1+%'%+%*#$%T&+%*%(#_fh�M#')/%8%"%#!42+42<#L@ >X+&# 19T+!*!#%+&,%,#,)'),!+!*4!,#\h#

�G#1%'#(%,#:!#/!'.+2"#!42D2# *!%(1281!,#i/!'.+$"2,-#*!%-!,16#I%1<#B.<#\\`ff`bd#\]]6#

H.D/!#@2%-,.312D36#KF>j#\hhh#�G#%+&,%*%(#!+4!#!42+!,#/!'.+2"%1#,)'),!+!*2#C0>\D#

;%+&7&+'%3&#%'%;+&#_fh�M#4!#3%(+%,4&<#

V%+&7'%$%#4%/2+#.+%,#-J,9++9+!*4!,#!+4!#!42+!,#1&*,%(#:!#(%,#,)'),!+!*2#3!;2+!,#

c#%$+&(#02*#"%'%,#42+2'2,4!#\b#-9,9#-!;'!$!D!(#%*%+&(+%*+%#\h#8%*(+&#"%'%,4%#%+&,4&<#

C!*# -J,9++94!,# %+&,%,# 2+(# 1&*,%(# J*,!52# 0%7+%,-&;# "%'%,&# W\# .+%*%(# (%0)+# !42+42# :!#

-J,9++9,9,#2+(#J*,!(#:!*4252#-9,#!3%3#%+&,%*%(#0!+2*+!,!,#c#%$#2;2,4!#425!*#J*,!(#%+'%#

-9,+!*2#W]6#W^6#W`6#Wb6#Wc6#Wd6#Wf6#Wg6#W\h#7!(+2,4!#.+)71)*)+4)<# &*,%(#J*,!(+!*2#%$,&#

31%,4%*1#(.7)++%*4%#%+&,4&#:!#0)#J*,!(+!*#_fh�M#')/%8%"%#!42+42<####

#

#

#
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:6:6#B3=<4U=33;PH=c# aKP1<#CK4J;=P=#A3ISHS#M;#);J4]NP#/P13=J=<#C;Kg4KH1PTaPaP#

';h;K3;P]=K=3H;T=#

Q+2(."2++!,'27# 1&*,%(# T*.1!2,+!*2# J+;9'9# �./,3.,# :!# %*(%4%7+%*&,&,# '.4282$!#

!42+'27# 3T!(1*.8.1.'!1*2(# ,21*._0+)!# 1!1*%".+$)'# i,21*._0+)!# 1!1*%".+2)'_BP j#

'!1.4),%#-J*!#$%T&+4&#i�./,3.,#:!#%*(<6#\gf^p!I23/%0.,-.##:!#%*(<6#]h\`j<##

:6:676#.=JK4X$3N;# ;JK1U43=NH#j.$ k#(;1<J=g#-iU;3J=T=P=P#R1UaK31H1##

R,D!+2(+!# d6`\g^-*#B%]MZ^#:!# ]6b]h^-*#B%CMZ^# 42312+!# 3)4%# ;J"9+!*!(# \hhh#

'GX+2(#TCX3&#\h6^#.+%,#h6\#=#(%*0.,%1m02(%*0.,%1#1%'T.,)#/%"&*+%,4&<#h6\#=#3.4$)'#

(%*0.,%1m02(%*0.,%1# 1%'T.,)# 2;!*232,4!# h6]h``-*# B21*.1!1*%".+2)'# P+)!# D/+.*24!#

;J"9+49# :!# \#'G# *21.,#�_\hh# !(+!,!*!(# \hhh#'GX+2(# h6]b#'=#BP # *!%(128# ;J"!+12#

/%"&*+%,4&<##

:6:696#B3=<4U=33;PH=c# aKP1<#CK4J;=P=#A3ISHS#

C!*#02*# (%1&+&'D&4%,# .,# 8%*(+&# "%'%,4%# 1.T+%,%,# 1&*,%(# ,)'),!+!*2# /!*# "%'%,#

02*2'2#2;2,#3%5#:!#3.+#!+#T%*'%(#1&*,%5&#7!(+2,4!#D%'#19T+!*!#(.,)+4)<#>,%+2"#J,D!32,4!#

19T+!*!#(.,)+%,# 1&*,%(#,)'),!+!*2#ch#4%(2(%#nh6b# i:m:jX+2(# *21.,#�_\hh#;J"!+1232,4!#

0!(+!12+42#:!#%*4&,4%,#,)'),!+!*#42312+!#3)#2+!#$&(%,4&<#?&(%,%,#1&*,%(#,)'),!+!*2#4.()#

1%(202# 2;2,# ()++%,&+%,# (%3!1+!*!# %(1%*&+%*%(# !19:4!# i^d�M6\]# 3%%1j# 0!(+!12+42<# L19:4!,#

;&(%*&+%,#1&*,%(#,)'),!+!*2#(9;9(#(&*T&,1&+%*#/%+2,4!#42((%1+2#02*#7!(2+4!#(!32+42<#I!32+!,#

1&*,%(# (&*T&,1&+%*&# '%,)!+# ;%+&7%,# (%,D%# '!,-!,!# 2+!# ;%T&# ]# D'X+2(# 2(2# ;!+2(# +!:/%#

%*%3&,4%# \# 4%(2(%$&# -!;'!$!D!(# 7!(2+4!# T*!3+!'!# 27+!'2,!# 1%02# 1)1)+4)<# P)# 27+!'2,#

%*4&,4%,# /%33%3# 1!*%"2# 2+!# 1&*,%(# (&*T&,1&+%*&,&,# %5&*+&(# J+;9'+!*2# $%T&+4&# i!+4!# !42+!,#

'2,2')'#4!5!*#f6g#'-#:!#'%(32')'#4!5!*#bcg#'-#.+%*%(#3%T1%,4&j<#>*4&,4%,#1&*,%(#

(&*T&,1&+%*&# %,%+2"2,# $%T&+%D%5&# 19T+!*!# %(1%*&+4&<# \#'G#BP # *!%(128# ih6]b#'=j# ;J"!+12#

1&*,%(#(&*T&,1&+%*&,%#2+%:!#!42+2T#%*4&,4%,#3)#0%,$.3),4%#i^d�M6#ch#4%(2(%j#2,(90%3$.,%#

0&*%(&+4&<# N,(90%3$.,4%,# 3.,*%# b^h# ,'# 4%+-%# 0.$),4%# 8.1.'!1*2(# .()'%# $%T&+%*%(#

%03.*0%,3# 4!5!*+!*2# !+4!# !42+42<# L+4!# !42+!,# %03.*0%,3# 4!5!*+!*2,4!,# (%,121%128# 3.,);#

!+4!# !1'!(# 2;2,# 8*)(1."%'2,# 31%,4%*4&# iT*!D2'%1# 8*)D1.3%'2,!6# +.1o\f\f]g# [!*<\6#

D%+20*%1.*# D.4!o# hhbf\6# D%+20*%12.,# :%+)!o# `hf# l'.+mG6# H.D/!# @2%-,.312D36# KF>j#

()++%,&+4&<# F.,);+%*# -*%'# 1&*,%(# 0%7&,%# 497!,# -+2(."2++!,'27# T*.1!2,2,# l'.+# '2(1%*&#

.+%*%(#il'.+m-#1&*,%(j#28%4!#!42+42<#

#
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:6:6:6#B3=<4U=33;PH=c# aKP1<#CK4J;=P=#A3ISH#);J4]NPNP#/P13=J=<#C;Kg4KH1PTaPaP#

';h;K3;P]=K=3H;T=#

Q+2(."2++!,'27# 1&*,%(# T*.1!2,2# %,%+2"+!*2,2,# $%T&+%D%5&# -9,# J+;9'# J,D!32,4!#

(%+21!#(.,1*.+#'%1!*$%+2#iT*!D2,.*'#8*)D1.3%'2,!6#+.1o#\]c\`c#[!*<\6#:%+)!o#]dg#l'.+mG6#

*%,-!o# ]^d_^]\# l'.+mG6# \F@o# \`# l'.+mG6# H.D/!# @2%-,.312D36# KF>j# 2+!# !+4!# !42+!,#

-9,+9(#J+;9'#3.,);+%*&#4!5!*+!,42*2+42<##

###########Q+2(."2++!,'27# 1&*,%(# T*.1!2,2,# J+;9'9,4!# ()++%,&+%,#BP #'!1.4),),# %,%+212(#

T!*8.*'%,3&,&,# 4!5!*+!,42*2+'!32# 2;2,# 8%*(+&# ,)'),!# 19*+!*2,4!# 1!(*%*+%,%02+2*+2(#

;%+&7'%+%*&# iq21/2,_*),# :!# 0!1q!!,_*),j# $%T&+4&<# R,D!+2(+!# 4J*1# 8%*(+&# 02*!$4!,# %+&,%,#

1&*,%(#,)'),!+!*2#(9;9(#(&*T&,1&+%*#/%+2,4!#42((%1+2#02*#7!(2+4!#(!32+42#:!#02*#19T#2;2,4!#

0)# (9;9(# 1&*,%(# (&*T&,1&+%*&# (%*&71&*&+4&<# L+4!# !42+!,# 0)# (%*&7&'4%(2# ,)'),!+!*# %$,&#

J;+9'# 3!*232# 2;2,4!# \]# (!"# ;%+&7%*%(# -9,# 2;2# 1!(*%*+%,%02+2*+2(# iq21/2,_*),j# ;%+&7'%3&#

$%T&+4&<#@25!*# `# -9,# 23!# 0)# (%*&7&'4%(2# ,)'),!+!*# 2+!# -9,4!# ^# (!"# ;%+&7&+%*%(# -9,+!*#

%*%3&#i0!1q!!,_*),j#1!(*%*+%,%02+2*+2(#;%+&7'%3&#$%T&+4&<#

# BP #'!1.4),),#%,%+212(#T!*8.*'%,3&,&,#4!5!*+!,42*2+'!32#2;2,#1!(*%*+%,%02+2*+2(#

;%+&7'%+%*&# 2;2,# 8%*(+&# 02*# ,)'),!# .+%*%(# T*!D2,.*'# 8*)D1.3%'2,!# (%+21!# (.,1*.+#

'%1!*$%+2#()++%,&+4&<#>,%+2"#-+2(."2++!,'27# 1&*,%(#T*.1!2,2#J+;9'9,!#)$-),#.+%*%(#\hh#

lG# (.,1*.+# ,)'),!32# \hhh# lG# BP # *!%(128# ;J"!+12# 2+!# ')%'!+!# !42+426# %*4&,4%,# 3)#

0%,$.3),4%# i^d�M6# ch# 4%(2(%j# 2,(90%3$.,%# 0&*%(&+4&6# 3.,# .+%*%(# 1%# b^h# ,'# 4%+-%#

0.$),4%#8.1.'!1*2(#.()'%#$%T&+4&<#B)'),!#2;!*32,!#0)+),%,#%3(.*02(#%321#:!#9*2(#%321#

-202# (9;9(#'.+!(9+!*# %5&*+&(+&# 02+!7!,+!*#BP # 49"!$+!*2,2# %"%+1%02+4252,4!,# i=%3/20%#

:!#%*(<6\gg]p!P%(!*#:!#%*(<6\gg\j6#02*;.(#12D%*2#(21!#9*2(%"#!(+!,!*!(#9*2(#%3242,#!1(232#

-24!*2+'!$!# ;%+&7&+&*<# P)# %'%;+%# T*!D2,.*'# 8*)D1.3%'2,!# (%+21!# (.,1*.+# '%1!*$%+2,4!#

9*2(# %321# 49"!$+!*2# J+;9+49# :!# J+;9'# 3.,)D)# 9*2(# %321# J+;9'# '!1.4),),# %+1# 3%T1%'%#

3&,&*&# .+%,# h6]# '-m4GX,2,# %+1&,4%# .+4)5)# 3%T1%,4&<# P)# (.,1*.+# '%1!*$%+2# ()++%,&+%*%(#

%$,&# J+;9'# 3!*232# 2;2,4!# ]h# (!"# ;%+&7%*%(# -9,# 2;2# 1!(*%*+%,%02+2*+2(# iq21/2,_*),j#

;%+&7'%3&6#425!*#`#-9,#23!#0)#(%*&7&'4%(2#,)'),!+!*#2+!#-9,4!#`#(!"#;%+&7&+%*%(#-9,+!*#

%*%3&#i0!1q!!,_*),j#1!(*%*+%,%02+2*+2(#;%+&7'%3&#$%T&+4&<#

#

#

#
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C%"&*+%,%,# BP # *!%(128# ;J"!+1232# ()++%,&+%*%(# '!1.1# >HMCA LM #Dfhhh#

i>00.116# #>00.11# E%*(6# A++2,.236# K<F<><j#(+2,2(# (2'$%# .1._%,%+2"J*9,!# %7%5&4%#

-J31!*2+4252#-202#%T+2(!#!42+42o#

=.4o#H%1!#)T#

H!%(128#:.+9'9o#]hh#lG#

B)'),!#:.+9'9o#\h#lG#

E*2'!*#4%+-%#0.$)#i�jo#b`c#,'#

F!(.,4!*#4%+-%#0.$)#i�jo#dhh#,'#

Z()'%#,.(1%+%*&o#]g_^^#

# BP #'!1.4),),#%,%+212(#T!*8.*'%,3&,&,#4!5!*+!,42*2+'!32#2;2,#1!(*%*+%,%02+2*+2(#

;%+&7'%+%*&#2;2,#3.,#8%*(+&#,)'),!#19*9#.+%*%(#3!*)'#()++%,&+4&<#U%*(+&#02*!$+!*4!,#!+4!#

!42+!,#3!*)'#,)'),!+!*2,4!,#/%:)"#.+)71)*)+4)#:!#3!*)'#,)'),!+!*2,4!# 8*)(1."%'2,#

49"!$+!*2#'!1.1#2;2,#%T+2(%3$.,)#$%T&+%,#$)(%*&4%#1%,&'+%,%,#.1._%,%+2"J*+!#0!+2*+!,42<#

F!*)'# /%:)")# ()++%,&+%*%(# %$,&# J+;9'# 3!*232# 2;2,4!# ]h# (!"# ;%+&7%*%(# -9,# 2;2#

1!(*%*+%,%02+2*+2(# iq21/2,_*),j#;%+&7'%3&6# 425!*#`#-9,# 23!#0)#(%*&7&'4%(2#,)'),!+!*# 2+!#

-9,4!#`#(!"#;%+&7&+%*%(#-9,+!*#%*%3&#i0!1q!!,_*),j#1!(*%*+%,%02+2*+2(#;%+&7'%3&#$%T&+4&<##

:656#A3ISHS#D1ea31P#'=h;K#(NJ=P#C1K1H;JK;3;K#

###########V%+&7'%$%# 4e/2+# !42+!,# -J,9++9+!*4!,# %+&,%,# (%,# ,)'),!+!*2# 2;2,# -+)(."6# 1.1%+#
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\]# \6\]\#
l'.+m-#

h6\h`b#
l'.+m-

ng6^# \b# \6]\h#
l'.+m-#

h6\`c#
l'.+m-#

n\]6\#

###############F!*)'#/%:)")#2;2,#3%T1%,%,#9*2(#%321#49"!$2#`6h#'-m4G#242<#

#

56:6#B3=<4U=33;PH=c# aKP1<# CK4J;=P=P=P#$=L434b=<#?1KL1TL4P# M;#(;g;K1PT#';h=c=H#

';h;K3;K=#';h;K3;P]=KH;#$N3ON31Ka#

QJ,9++9+!*4!,# !+4!# !42+'27# 4%1%+%*&,# %,%+2"2# J,D!32,4!# /!*# 02*# (272$!# %21# );#

4!5!*+!*2,# 0!+2*+!,'!32,4!# ()++%,&+%,# M.D/*%,# 1!312# 2+!# -+2(."2++!,'27# 1&*,%(# T*.1!2,2#

:!*2+!*2,4!,#3%5#T%*'%(+%*%#%21#]`#:!*2#:!#3.+#T%*'%(+%*%#%21#]^#:!*2#%,%+2"#4&7&#0&*%(&+4&<#

C!*#02*#02*!$!#%21#.*1%+%'%#4!5!*+!*2,#425!*#02*!$+!*4!,#!+4!#!42+!,#.*1%+%'%#4!5!*+!*4!,#

09$9(#8%*(+&+&(#-J31!*!,+!*2,#0!+2*+!,'!32,4!#H!!4#(*21!*2#2+!#^]#(%1&+&'D&4%,#\X,2,#19'#

-+2(."2++!,'27#1&*,%(#T*.1!2,2#:!*2+!*2#%,%+2"#4&7&#0&*%(&+4&<#I%1&+&'D&+%*4%,#,)'),!#%+&'#

"%'%,+%*&,4%# /!*# 02*# 02*!$!# %21# 3%5# :!# 3.+# T%*'%(+%*4%,# !+4!# !42+!,# 1&*,%(#

,)'),!+!*2,2,# -+2(."2++!,'27# 1&*,%(# T*.1!2,2# 4!5!*+!*2# 3%5m3.+# T%*'%(+%*# 2;2,#

(%*7&+%71&*&+4&<# \h# 8%*(+&# "%'%,&,# /!*# 02*2,4!# 3%5# :!# 3.+# T%*'%(+%*# 2;2,# -+2(."2++!,'27#

1&*,%(#T*.1!2,2#4!5!*+!*2#%*%3&,4%# 231%12312(3!+#.+%*%(#%,+%'+&#02*# 8%*(#3%T1%,'%4&5&,4%,#

i %0+.#`<^j6#/!*#02*#,)'),!#%+&'#"%'%,&#2;2,#/!*#02*#02*!$!#%21#3%5#:!#3.+#T%*'%(+%*4%,#

!+4!# !42+!,# 1&*,%(#,)'),!+!*2,2,#-+2(."2++!,'27# 1&*,%(#T*.1!2,2# 4!5!*+!*2,2,#.*1%+%'%3&#

%+&,%*%(#19'#T%*'%(+%*#2;2,#02$.+.a2(#:%*$%3$.,#4!5!*+!,42*'!32#$%T&+4&<#M.D/*%,#1!312#

2+!# 19'# T%*'%(+%*%# %21# -+2(."2++!,'27# 1&*,%(# T*.1!2,2# :!*2+!*2,4!,# d# :!*2# %,%+2"# 4&7&#

0&*%(&+'&7#.+)Tp#H!!4#(*21!*2#2+!#^]#(%1&+&'D&4%,#\X,2,#19'#-+2(."2++!,'27#1&*,%(#T*.1!2,2#

:!*2+!*2# %,%+2"# 4&7&# 0&*%(&+4&<# F%5m3.+# T%*'%(+%*# 2+!# 19'# T%*'%(+%*4%,# !+4!# !42+!,#

-+2(."2++!,'27# 1&*,%(# T*.1!2,2# :!*2+!*4!,# 0!+2*+!,!,# 02$.+.a2(# :%*$%3$.,# 4!5!*+!*26#

*!8!*%,3#4!5272'#4!5!*2#iHM[j#:!#(%+21!#-!*!(32,2'+!*2# %0+.#`<`X1!#-J31!*2+'2712*<#HM[#

/!3%T+%'%+%*&,4%# 4!,(+!'4!# 0)+),%,# M[># 2;2,# U*%3!*# MQ# %,%+212,# %,%+2"+!*2,2,#

$%T&+4&5&#19'#"%'%,#T!*2$.4)#2;2,4!#2,1!*,%+#(%+21!#(.,1*.+#;%+&7'%+%*&,4%,#!+4!#!42+!,#



]g#
!

:!*2+!*4!,# /!3%T+%,%,%02+!D!52,2# 02+42*'2712<# E*!D2,.*'# 8*)D1.3%'2,!# '%1!*$%+2# 2+!#

2,1!*,%+# (%+21!# (.,1*.+# ;%+&7'%3&,4%,# !+4!# !42+!,# M[># nd6^# .+%*%(# 0!+2*+!,'!32,!#

*%5'!,# (.,1*.+#'%1!*$%+2,2,#'%1*2(32# %,%+2"+!*2# $%T&+%,# 1&*,%(# ,)'),!+!*2# 2;2,# )$-),#

4!52+42# iU*%3!*# :!# C%**23# \gfgj<# ?2,!# U*%3!*# MQ# %,%+212(# T*!32"$.,# 2;2,# q21/2,_*),#

%,%+212(#:%*$%3$.,#inM[>vj#4!5!*+!*2,2,#4!#()++%,&+%02+!D!52,2#02+42*4252,4!,#iU*%3!*6#

]hh\j# n L%# :!# HM[# /!3%T+%'%+%*&,4%# M[># 2;2,# 1&*,%(# /%:)")# 2+!# q21/2,_*),#

1!(*%*+%,%02+2*+2(#;%+&7'%3&,4%,#!+4!#!42+'27#4!5!*#.+%,#ng6^#()++%,&+'&71&*<#

#

 1234#56:8#I%1&+&'D&+%*4%,#iBk^]j#,)'),!#%+&'#"%'%,+%*&,4%#iW\6#W]6#W^6#W`6#Wb6#Wc6#

Wd6# Wf6# Wg6# W\hj# /!*# 02*# 02*!$!# %21# 3%5# :!# 3.+# T%*'%(+%*4%,# !+4!# !42+!,# 1&*,%(#

,)'),!+!*2,2,# -+2(."2++!,'27# 1&*,%(# T*.1!2,2# 4!5!*+!*2,2,# 3%5# :!# 3.+# T%*'%(+%*# 2;2,#

(%*7&+%71&*'%+%*&#

�#T#4!5!*2#F1)4!,1X3# #1!312#2+!#/!3%T+%,'&71&*<#

#

#

#

#

#

#

#

#

#

# B3=<4U=33;PH=c# aKP1<#CK4J;=P=#
jtH43oO#JaKP1<k#

#

.NHNP;# /3H1#
"1H1P31Ka#

>1h#C1KH1<31K# >43#C1KH1<31K# ep#

"7# h6`d#�#h6]`#l'.+m- h6`d �#h6]f l'.+m-# k#h6g^c#
"9# h6`^#�#h6]\#l'.+m- h6`] �#h6]h#l'.+m-# k#h6f\`#
":# h6`]#�#h6]] l'.+m- h6`] �#h6]h l'.+m-# k#h6g]f#
"5# h6`b#�#h6]h l'.+m- h6`] �#h6]^ l'.+m-# k#h6b]g#
"d# h6`]#�#h6\f l'.+m- h6`\ �#h6\g l'.+m-# k#h6dfh#
"l# h6``#�#h6]] l'.+m- h6`\ �#h6]^ l'.+m-# k#h6c`d#
"m# h6^c#�#h6\b l'.+m- h6^b �#h6\b l'.+m-# k#h6dg`#
"Z# h6``#�#h6^h l'.+m- h6^g �#h6\d l'.+m-# k#h6^c^#
"u# h6`^#�#h6]\ l'.+m- h6`\ �#h6]] l'.+m-# k#h6df^#
"7Y# h6`]#�#h6]] l'.+m- h6`` �#h6]h l'.+m-# k#h6fhb#
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 1234# 5658#F%5m3.+# T%*'%(+%*# 2+!# 19'# T%*'%(+%*4%,# !+4!# !42+!,# -+2(."2++!,'27# 1&*,%(#

T*.1!2,2# :!*2+!*4!,# 0!+2*+!,!,# 02*!$_2;2# 02$.+.a2(# :%*$%3$.,# inM[Aj6# 02*!$+!*_%*%3&#

02$.+.a2(#:%*$%3$.,# inM[Qj6#02*!$3!++2(# 2,4!(32# iA<A<j6# *!8!*%,3#4!5272'#4!5!*2# iHM[j#

:!#(%+21!#-!*!(32,2'+!*2#

#

##v21/2,_*),#%,%+212(#:%*$%3$.,#inM[>vj#ng6^#.+%*%(#0!+2*+!,'2712*#
##P!1q!!,_*),#%,%+212(#:%*$%3$.,#inM[>Pj#n\]6\#.+%*%(#0!+2*+!,'2712*#
#
#

#

#

#

#

#

#

#

#

#

#

#

#

$=L434b=<# ?1KL1TL4P# M;# ([?#
';h;K3;K=#

>1h#
e1KH1<31K#

>43#
e1KH1<31K#

 SH#
e1KH1<31K#

nM[A# n]h6`f n\g6bd n\d6bg
nM[Q# n]g6c\ n]f6gd n]g6h\
A<A<# h6cg] h6cdc h6chc
HM[#iWk\6gc#:!#T�h6hbj# nc]6^ nch6h nbb6\
HM[#iWk]6bf#:!#T�h6h\j# nf]6\ ndg6\ nd]6c
+13=J;#B;K;<T=P=H3;K=#
>,%+212(#I!32,+2(#inM[j# n\h6] ng6f nf6f
nP2%3# ng6h nf6d nf6b
I%0)+# !42+!02+2*# 1.T+%'# /%1%#
in L%j#

n]`6^# n]`6h# n]^6f#



^\#
!

d6# /( @*)/#

?%T&+%,# ;%+&7'%+%*4%# 42$%0!12(# /%31%+%*4%# )"),# 4J,!'# -+23!'2(# (.,1*.+# :!#

1!4%:2# !1(2,+252,2,# 2"+!,'!32,4!# $%*%+&# .+%02+!D!52# J,!# 39*9+!,# -+2(."2++!,'27# 1&*,%(#

T*.1!2,+!*2#2;2,#3%5+&(+&#-J,9++9+!*#2+!#$%T&+%,#0)#;%+&7'%4%#02*!$_2;2#02$.+.a2(#:%*$%3$.,#

4!5!*2,!#-J*!#02*!$+!*_%*%3&#02$.+.a2(#:%*$%3$.,#4!5!*2#4%/%#$9(3!(#0)+),4)#i3&*%3&$+%#

n\d6bg# :!# n]g6h\j<# C!3%T+%,%,# 02*!$3!++2(# 2,4!(32# 4!5!*2,!# -J*!# iA<A<# o# h6chcj#

-+2(."2++!,'27# 1&*,%(# T*.1!2,+!*2# 2;2,# 0!+2*+!,!,# *!8!*%,3# %*%+&(+%*&# ()++%,&'&,&,# 2+!*2#

4!*!D!4!#8%$4%#3%5+%'%'%(+%#0!*%0!*#"%$&8_.*1%#4!*!D!#8%$4%+&#.+%02+!D!52#%,+%7&+4&<#P2*#

T%*%'!1*!# 2;2,# 02*!$2,# 3!*2# J+;9'+!*2,4!# (+2,2(# %;&4%,# %,+%'+&# 8%*(+&+&5&# -J31!*!,#

*!8!*%,3# 4!5272'# 4!5!*2# -+2(."2++!,'27# 1&*,%(# T*.1!2,+!*2# 2;2,# ngb# .+%3&+&(# 2+!# nbb6\#

.+%*%(# 0!+2*+!,42<# L(# .+%*%(# +21!*%19*4!# -+2(."2++!,'27# 1&*,%(# T*.1!2,+!*2,2,# 02$.+.a2(#

:%*$%3$.,),),# 0!+2*+!,'!32,!# $J,!+2(# ;%+&7'%# 0)+),'%'%(1%# .+)T6# 0)# T%*%'!1*!,2,#

42$%0!12(# /%31%+%*&,# 1%,&# :!# 1%(202,4!# ()++%,&+'%3&,%# $J,!+2(# (&3&1+&# 3%$&4%# ;%+&7'%#

0)+),'%(1%4&*<#

# Q+2(."2++!,'27# 1&*,%(# T*.1!2,+!*2,2,# 42$%0!12(# /%31%+%*4%# )"),# 4J,!'# -+23!'2(#

(.,1*.+9,#2"+!,'!32,4!#()++%,&'&,%#$J,!+2(#(&3&1+&#;%+&7'%+%*4%,#02*2#.+%,#I23/%0.,-.#

2+!# I%1D/),-%# :!# %*(<X,&,# $%(&,# "%'%,4%# $%T1&(+%*&# ;%+&7'%+%*4%# 0)# T%*%'!1*!,2,#

42%-,.312(# J"!++252,2,# 4!# .+%02+!D!52# -J31!*2+'2712*# iI23/%0.,-.# :!# %*(<6# ]h\`p#

I%1D/),-%# :!# %*(<6# ]h\bj<#L+# 1&*,%(+%*&,&,# %$4%# $%(+%7&(# ]#''#)"%4&5&# :!# 1&*,%(+%*&,#

1%'# $!,2+!,'!32,2,# $%(+%7&(# `_c# %$4%# .+4)5)# iM%3/'%,# :!# F+.%,6# ]h\hj# 42((%1!#

%+&,4&5&,4%# -+2(."2++!,'27# 1&*,%(# T*.1!2,+!*2,2,# 42$%0!12(# /%31%+%*4%# -!;'27# `_c# %$+&(#

4J,!'4!(2#-+23!'2(#(.,1*.+9#$%,3&1%02+!D!52#J,!#39*9+'9719*#iI%1D/),-%#:!#%*(<6#]h\bp!

P%(%,#:!#P%(%,6#\gfbj<#U*)(1."%'2,2,#-!*2$!#4J,9(#]_^#/%81%+&(6#C0>\DX,2,#23!#-!*2$!#

4J,9(# ]_^# %$+&(# 4J,!'2,# -+23!'2(# (.,1*.+9,9,# 2"+!,'!32,4!# ()++%,&+4&5&# iC2,4+!# :!#

%*(<6# \gfcj# 4979,9+4959,4!# 4%/%# )"),# 4J,!'2,# 4!5!*+!,42*2+'!32,4!# -+2(."2++!,'27#

1&*,%(#T*.1!2,+!*2,2,#()++%,&'&#%:%,1%a# 3%5+%$%02+2*<#P)#;%+&7'%4%#,)'),!+!*# %+1&# %$+&(#

"%'%,# 42+2'2,4!# .,# 8%*(+&# "%'%,4%# 1.T+%,'%3&,%# *%5'!,6# ;%+&7'%$%# 3%4!D!# 3%5+&(+&#

-J,9++9+!*#(%1&+4&5&,4%,#42%0!12(#/%31%+%*4%#425!*#;%+&7'%+%*4%#0!+2*12+!,#-+2(."2++!,'27#

1&*,%(# T*.1!2,+!*2,2,# )"),# 4J,!'# -+23!'2(# (.,1*.+9,9,# 2"+!,'!32,4!(2# T*.82+2#

3%T1%$%'%4&(<# V%+&7'%$%# (%1&+%,# 3%5+&(+&# -J,9++9# 02*!$+!*!# BMMGF# M]f_>#

31%,4%*1+%*&,%# )$-),# .+%*%(# /%"&*+%,%,# %,(!1# 8.*')# 4.+4)*)+')7# .+),)T6# 0)# %,(!1#

02+-2+!*2# ;%+&7'%$%# 4e/2+# !1'!m*!1# !1'!# (*21!*+!*2,2# )$-)+%'%# %'%;+&# ()++%,&+'&71&*<#

V%+&7'%#2;2,#*!1#!1'!#(*21!*+!*2#.+%*%(#1%,&'+%,'&7#/!*/%,-2#02*#3231!'2(#:!$%#'!1%0.+2(#



^]#
!

/%31%+&5&,# :%*+&5&6# %()1m(*.,2(# !,8!(32$.,# :%*+&5&6# # 2+%;m%+(.+m32-%*%# ()++%,&'&# (%0)+#

!42+42<# V%+&7'%$%# 4%/2+# !42+!,# -J,9++9+!*4!# '!1%0.+2(# 3!,4*.'# 4!5!*+!,42*'!32# A@U#

1%*%8&,4%,# 1%,&'+%,%,# (*21!*+!*!# -J*!# $%T&+'&7# .+)T# i>+0!*12# :!# %*(<6# ]hhbj6#'!1%0.+2(#

3!,4*.'+)#(%1&+&'D&+%*#;%+&7'%$%#4e/2+#!42+'!'2712*<#

Q+2(."2++!,'27# T*.1!2,# %,%+2"+!*2,4!# ()++%,&+%,# ,)'),!+!*# 42((%1!# %+&,4&5&,4%#

T*.1!2,# :!# 3)# 2;!*2(+!*2# T+%"'%# ,)'),!+!*2,2,# 3&*%3&$+%# $%(+%7&(# nd# :!# ng\X2# 2(!,6#

1&*,%(#,)'),!+!*2,2,#23!#3&*%3&$+%#$%(+%7&(#nfb#:!#n\X2#(%4%*4&*#iP%4!,#:!#%*(<6#\gd^j<#

 &*,%(# ,)'),!+!*2,4!# 2,1!*8!*!# !42D2# '.+!(9++!*2,# i9*2(# %3216# %3(.*02(# %321# -02j#

$.5),+)5),),# 4%/%# %"# .+)7)6# 4%/%# 3%8# 02*# T*.1!2,# :%*+&5&# :!# 0)# T*.1!2,# 8*%(32$.,),#

-J*!D!+2# ;.(+)5),4%,# 4.+%$&# 8*)(1."%'2,# :!# C0>\DX$!# -J*!# )"),# 4J,!'# -+23!'2(#

4!5272(+2(+!*!#(%*7&#4%/%#4)$%*+&#02*#T%*%'!1*!#.+%02+!D!52,!#4%2*#(%,&1+%*#0)+),'%(1%4&*#

iI23/%0.,-.#:!#%*(<6#]h\bp#I%1D/),-%#:!#%*(<6#]h\bj<##L(#.+%*%(#,21*._0+)!#1!1*%".+$)'#

'!1.4),),# *!%(128# '%+2$!12,2,# -J*!D!+2# .+%*%(# 4979(# .+'%3&# :!# 1!(# %7%'%+&# %,%+2"#

0%3%'%5&#2;!*'!32,4!,#4.+%$&#J"!++2(+!#-!+27'!(1!#.+%,#9+(!+!*#2;2,#0)#1!312,#()++%,&'&,#

J,!'+2#.+%02+!D!52# 2+!# 2+-2# +21!*%19*4!#0!+2*+2#;&(%*1&'+%*#4%#0)+),'%(1%4&*#iI23/%0.,-.#

:!#%*(<6#]h\`j<#

F!*)'# :!# /!'.+2"!# (%,# ,)'),!+!*2,4!# 8*)(1."%'2,# :!# C0>\D# -202#

-+2(."2++!,'27# T*.1!2,# %,%+2"+!*2,4!# ()++%,&+%,# (*.'%1.-*%82(6# !+!(1*.8.*!12(# :!#

3T!(1*.8.1.'!1*2(# T*.3!49*+!*# 1%,&'+%,'&71&*# i@%:23# :!# %*(<6# \gfcp# @.+/.8!*# :!#

v2!+%,46# \gf\p# G+.$4# :!# =%*T+!3"# \gf`p# �./,3.,# :!# %*(<6# \gf^j<# Q9,9'9"# *)12,#

+%0.*%1):%*# )$-)+%'%+%*&,4%# C0>\D# %,%+2"+!*2# 2;2,# (*.'%1.-*%82(# '!1.1+%*# :!#

19*0242'!1*2(#'2(*.T%*12(9+# %-+912,%3$.,# 2,/2023$.,#'!1.1+%*#J,#T+%,4%# 2(!,# iv.+8#:!#

%*(<6# \gf`p# I+2,-!,0!*-# :!# %*(<6# ]h\djp# 8*)(1."%'2,# %,%+2"+!*2# 2;2,# %+(%+2# .*1%'4%#

(!1.%'2,+!*2,#,21*._0+)!#1!1*%".+$)')#2,42*-!,'!32#!3%3&,%#4%$%,%,#3T!(1*.8.1.'!1*2(#

'!1.1# J,# T+%,4%4&*# iG+.$4# :!#=%*T+!3"# \gf`p# �./,3.,# :!# %*(<6# \gf^j<# # U*)(1."%'2,#

%,%+2"+!*2,4!#()++%,&+%02+!D!(#425!*#'!1.1#.+%,#/24*.(32'!12+8)*8)*%+# .+)7)')#!3%3&,4%#

4%$%,%,# 12$.0%*0219*2(# %321# T*.3!49*9,9,# 2,(90%3$.,# 39*!+!*2,2,# )"),# :!# 27+!'#

0%3%'%(+%*&,&,# 8%"+%# .+'%3&,4%,# 4.+%$&# i@.+/.8!*# :!# v2!+%,46# \gf\j# *)12,#

)$-)+%'%+%*4%# ()++%,&+'%'%(1%4&*<# G21!*%19*4!# 1&*,%(# ,)'),!+!*2,4!# -+2(."2++!,'27#

T*.1!2,#%,%+2"+!*2,4!#-!*!(#,21*._0+)!#1!1*%".+$)'#-!*!(3!#12$.0%*0219*2(#%321#'!1.4),)#

()++%,%,# ;%+&7'%+%*# .+'%(+%# 0!*%0!*# 3.,# $%T&+%,# ;%+&7'%+%*# 3!*)'# 8*)(1."%'2,#

%,%+2"+!*2,4!# *)12,# )$-)+%'%+%*%# )$-),# .+%*%(# ,21*._0+)!# 1!1*%".+$)'#'!1.4)# 9"!*2,!#
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#
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/)'%,#3!*)'#%+0)'2,#2,#:2:.<#J Biol Chem,#]bfoc\`]_c<#
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C0>\D# D%,# 0!# %33!33!4# q21/# !*$1/*.D$1!# D*!%12,!# 2,# T%12!,13# q21/# %# 3/.*1!,!4#
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@<#  %!36# ?<L<# @!+%,-/!6# �<H<# i]h\`j<# Q+$D%1!4# ,%2+# T*.1!2,3o# %# ,!q# %TT*.%D/# 8.*#

4!1!D12,-#42%0!1!3#2,#4!:!+.T2,-#D.),1*2!3<#Trop Med Int Health \gi\jobf_c`<#
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I23/%0.,-.6#><F<#I%1D/),-%6#E<#[%,#>(!,6#L<C<#FT!!D(%!*16#H<#G%-,2%)6#F<#M..T'%,6#
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G+.$46# @<# #=%*T+!36# �<# i\gf`j<# F2'T+!# D.+.*2'!1*$# .8# -+$D%1!4# 3!*)'# T*.1!2,# 2,# %#

D!,1*28)-%+#%,%+$"!*<#Clin Chem6#^hi\hjo\cfc_f<#
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1/!#0+..4#%,4#D%*42.:%3D)+%*#423!%3!<#Curr Pharm Des6#\^o^cff_gb<#
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.8#1/!#+21!*%1)*!<#Diabetes Obes Metab6#\]i`jo]ff_gf#

#

B%*%$%,%,6# F<# i]hhhj<#  /!# T*!%,%+$12D# T/%3!<# >,# 2'T.*1%,1# D.'T.,!,1# .8# +%0.*%1.*$#

'!42D2,!<#>'#J Clin Pathol6\\^i^jo`]g_b]<#

#

ZXC%++.*%,6# =<v<# F1)4+!$_H)r1.,6# �6# v!++0$6# =<G<# i\gdhj<# ># D.'T%*23.,# .8#

D.,:!,12.,%++$# 4!*2:!4#,.*'%+# *%,-!3#q21/# 1/.3!#.01%2,!4# 8*.'#T%12!,13X# *!3)+13<#Clin 

Chim Acta6#]do^b_`c<#

#

R"19*(6# R<Q<# I%*%;.*6# @<# O%/2,6# Q<# i]h\^j<# G%0.*%1):%*# F.,);+%*&,&,#

@!5!*+!,42*2+'!32,4!#>,%+21+!*2,#P2$.+.a2(#[%*$%3$.,#[!*2+!*2,2,#R,!'2<#Ar iv Kaynak 

Tarama Dergisi#]]i]jo]b]_]bf#

#

E!1!*3!,6# E<C<# U*%3!*6# M<Q<# F%,40!*-6# F<# Q.+43D/'2416# C<# i\gggj< /!# 2,4!r# .8#

2,42:24)%+21$# 23# .81!,# %# '232,1!*T*!1!4# s)%,121$# D/%*%D1!*2312D<# Clin Chem Lab Med6#

^dicjocbb_c\<#

#

E!121M+!*D6# M<# F.+0!*-6# C<L<i# \gfdj<>TT*.:!4# *!D.''!,4%12.,# .,# 1/!# 1/!.*$# .8#

*!8!*!,D!#:%+)!3o#E%*1#]<#F!+!D12.,#.8#2,42:24)%+3#8.*#1/!#T*.4)D12.,#.8#*!8!*!,D!#:%+)!3<#

J Clin Chem Clin Biochem, ]boc^g_``<#

#



``#
!

E+!0%,26#=<#M%**%*.6#E<#i\ggdj<#=231%(!3#2,#%#31%1#+%0.*%1.*$o#1$T!3#%,4#8*!s)!,D$<#Clin 

Chem#`^o\^`f�b\<#

#

E+!0%,26# =<# G2TT26# Q<# i]h\]j<# P2.+.-2D%+# :%*2%12.,# %,4# *!8!*!,D!# D/%,-!# :%+)!3o# %,#

!33!,12%+#T2!D!#.8#1/!#T)""+!#.8#+%0.*%1.*$#1!312,-<#Clin Chem Lab Med6#bhi]jo\fg_gh<##

#

E+!0%,26#=<# i]h\^j<#  /!# MMG=# D.,1*20)12.,# 1.# 2'T*.:!'!,13# 2,# s)%+21$# %,4# T%12!,1#

3%8!1$<#M+2,#Chem Lab Med#b\i\jo^g_`c<#

#

E.*1!*6#H<=<#i]hhcj<# /!#B!q#I!*%12,#B.'!,D+%1)*!<#J Invest Dermatol6#\]ci\\jo]^cc_

f<#

#

H!!46#>++<#C!,*$6#H<�<#=%3.,6#v<P<#i\gd\j<#A,8+)!,D!#.8#31%12312D%+#'!1/.4#)3!4#.,#1/!#

*!3)+12,-#!312'%1!#.8#,.*'%+#*%,-!<#Clin Chem6#\do]db_g<#

#

H!!46#><C<#C!,*$6#H<�<#=%3.,6#v<P<#i\gd\j<#A,8+)!,D!#.8#31%12312D%+#'!1/.4#)3!4#.,#1/!#

*!3)+12,-#!312'%1!#.8#,.*'%+#*%,-!<#Clin Chem6#\di`jo]db_f`<#

#

H2D.�36# M<# M%:%6# U<# Q%*D&�%_G%*2.6# �<[<# C!*,%�,4!"6# ><# A-+!32%36# B<# �2'!�,!"6#

M<[6<=2,D/2,!+%6#�<#E!*2D/6#M<#F2'.�,6#=<#@.'!,!D/6#=<[<#>�#+:%*!"6#[<#i]hh`j<# /!#

*!8!*!,D!#D/%,-!#:%+)!o#%#T*.T.3%+#1.#2,1!*T*!1#+%0.*%1.*$#*!T.*13#2,#3!*2%+#1!312,-#0%3!4#

.,#02.+.-2D%+#:%*2%12.,<#Scand J Clin Lab Invest6#c`o#\db�\f`<##

#

H2Du36#M6# A-+!32%36#B6#Q%*D�%_G%*2.6#�[6#F2'u,6#=6#M%:%6#U6#C!*,�,4!"6#>6#E!*2D/6#M6#

=2,D/2,!+%6#�6#>+:%*!"6#[6#@.'�,!D/6#=<[6#�2'�,!"6#M<[6#P2.3D%6#M6# !,%6#H<#i]hhdj<#

v21/2,_3)0a!D1#02.+.-2D%+#:%*2%12.,#2,#423!%3!o#D.++%1!4#4%1%#%,4#D+2,2D%+#D.,3!s)!,D!3. 

Ann Clin Biochem, ``iE1#`jo^`^_b]<#

#

H2Du36#M6#�2'�,!"6#M<[<#C!*,�,4!"6#><#F2'u,6#=<#E!*2D/6#M<#>+:%*!"#6[<#=2,D/2,!+%6#�<#

=%D2�6#=<#i\gg`j<#P2.+.-2D%+#:%*2%12.,#2,#)*2,!#3%'T+!3#)3!4#8.*#%,%+$1!#'!%3)*!'!,13<#

Clin Chem, .`hi^jo`d]_d<#

#



`b#
!

H.)3!6# �<Q6# [%,# @$(!6# =<L<# ># i]h\hj<# H!:2!q# .8# I!*%12,_P%3!4# P2.'%1!*2%+3# 8.*#

P2.'!42D%+#>TT+2D%12.,3<#Materials, ^o#ggg_\h\`<#

#

F%4.q3(%_P%*1.3"6# P%*1.3"6# Q<# j]h\bj<# E*!:!,12.,# .8# E*.1!2,# Q+$D%12.,# 0$# B%1)*%+#

M.'T.),43<#Molecules6#]hi]jo^^hg_^`<#

#

F!:!*2,6# U<U<p# U!,2.)(6#P<><p# F()+%D/!:6#[<E<# i]h\^j<#>4:%,D!4#-+$D%12.,# .8# D!++)+%*#

T*.1!2,3#%3#%#T.3320+!#0%32D#D.'T.,!,1#.8# 1/!#w'%31!*#02.+.-2D%+#D+.D(x<#Biochemistry 

(Mosc.)6#dfo#\h`^�\h`d<#

#

FD/q!2"!*6# �<# P.q4!,6# E<L<# M.)+.'0!6# E<><# G%,-0!2,6# G<# G%,!6# L<P<# =%-2,6#  <=<#

=%+1%236# G<# Z'%*$6# =<P<# E%**$6# @<><# H.-!*36# =<><# v*2-/16# =<v<# i]hhcj<B!q#

D.,3!,3)3#,.'!,D+%1)*!#8.*#'%''%+2%,#(!*%12,3<#J Cell Biol6#\d`i]jo\cg_d`<##

#

F.+0!*-#6C<L<i\gfdj#>TT*.:!4#*!D.''!,4%12.,#.,#1/!#1/!.*$#.8#*!8!*!,D!#:%+)!3o#E%*1#

\<# /!#D.,D!T1#.8#*!8!*!,D!#:%+)!3<#J Clin Chem Clin Biochem6#]bo^^d_`]<#

#

F.+0!*-6# C<L6# E!121M+!*D6# M<# i\gffj<# >TT*.:!4# *!D.''!,4%12.,# .,# 1/!# 1/!.*$# .8#

*!8!*!,D!#:%+)!3o#E%*1#^<#E*!T%*%12.,#.8#2,42:24)%+3#%,4#D.++!D12.,#.8#3T!D2'!,3#8.*#1/!#

T*.4)D12.,#.8#*!8!*!,D!#:%+)!3<#J Clin Chem Clin Biochem6#]cobg^_f<#

#

F.+0!*-6#C<L<#i\gfdj#>TT*.:!4#*!D.''!,4%12.,#.,#1/!#1/!.*$#.8#*!8!*!,D!#:%+)!3o#E%*1#

b<#F1%12312D%+#1*!%1'!,1#.8#D.++!D1!4#*!8!*!,D!#:%+)!3<#@!1!*'2,%12.,#.8#*!8!*!,D!#+2'213<#

J ClinChem Clin Biochem6#]boc`b_bc<#

#

FJ,'!"6#C<><i#]h\^j<#C%31%+&(+%*&,# %,&#:!#N"+!,'!32,4!#P2$.(2'$%#G%0.*%1):%*&<#N<S<#

M!**%/T%7%#  &T# U%(9+1!32# F9*!(+2#  &T# L5212'2# L1(2,+2(+!*2# F!'T."$)'# @2"232of\<#

N31%,0)+6# 9*(2$!<#

#

O%/2,6# L<# R,D!+6# =<# i]h\`j<# @2$%0!1#  %,&# :!#  %(202,4!# Q!+!,!(3!+# :!# ?!,2#

P2$.(2'$%3%+#P!+2*1!;+!*<#Eur J Basic Med Sci6#`i^jo#cc_d^<#

#



`c#
!

 %,1232*2q%16# B<# �%,D/%26# F<# i]hhfj<# M.''.,# 8..1# T*.0+!'3# 2,# 42%0!12D# 8..1# D+2,2D<# J 

Med Assoc Thai, g\idjo\hgd_\h\<#

#

 %*2'6# Z<# I9;9(!*4.5%,6# >6# Q9,%$6# K6# L*%+T6# Z6# L*D%,6# A<# i\gggj<# L88!D13# .8# 2*.,#

4!82D2!,D$# %,!'2%# .,# /!'.-+.02,# >\D# 2,# 1$T!# \# 42%0!1!3# '!++21)3<# Pediatr Int6#

`\i`jo^bd_c]<#

#

 )*/%,6#P<#V%+&(6#P< <#@!'2*2,6#C<#i]h\hj<#I%,&1%#@%$%+&# &T#G%0.*%1):%*# !31+!*2#:!#

E*!%,%+212(#@!527(!,+!*<#Konuralp Tõp Dergisi6#]i^jo]g_^^<##

#

[231.+26# Q<# 4!# =%44236# @<# M2T%(6# ><# W%*(.:2D6# B<# M%*2,26# =<# # >+42,26# Q<# i]h\^j<#

>4:%,D!4#-+$D.r24%12.,#%,4#+2T.r24%12.,#!,4#T*.4)D13#i>QL3#%,4#>GL3jo#>,#.:!*:2!q#

.8#1/!2*#'!D/%,23'3#.8#8.*'%12.,<#Free Radic Res6#`d#iF)TT+<#\jo#^�]d<#

#

v%+1.,6H<=<#i]h\]j<#F)0a!D1_0%3!4#*!8!*!,D!#:%+)!3o#02.+.-2D%+#:%*2%12.,6#2,42:24)%+21$6#

%,4#*!8!*!,D!#D/%,-!#:%+)!3<#Send to Vet Clin Pathol, `\i]jo\db_f\<#

#

v!3-%*46#�<Z<#w@!32*%0+!#P2.+.-2D%+#[%*2%12.,#@%1%0%3!#3T!D282D%12.,3<x#L*272'o#I%3&'#

]h\d6#8*.'#/11T3ommqqq<q!31-%*4<D.'m02.4%1%0%3!\</1'<#

#

v!3-%*46# �<Z6# I+!!6# Q<Q<# i]hhbj<# I%+21!# $J,!12'2<# A,# o 2!1"# I+2,2(# (2'$%4%# 1!'!+#

2+(!+!*#i#P)*1236#M<><6#>3/q..46#LHj<#TT<#]fb_]gd<#E%+'!#?%$&,D&+&(<#

#

v.+86#C<K<#G%,-6#v<#W%,4!*6#H<#i\gf`j<#>+(%+2,!#/%!'%12,#@_bdb6#%#,!q#1..+#8.*# 1/!#

4!1!*'2,%12.,# .8# /%!'.-+.02,# %3# %,# %+1!*,%12:!# 1.# 1/!# D$%,/%!'2-+.02,# '!1/.4<# AA<#

F1%,4%*423%12.,# .8# 1/!# '!1/.4# )32,-# T)*!# D/+.*./%!'2,<#Clin Chim Acta6# \^ci\jogb_

\h`<#

#

?.),-6# @<F<# P!*'!36# L<v<# i]hhbj<# R*,!(# 1.T+%'%# :!# %,%+2"# J,D!32# 4!527(!,+!*<# A,o#

 2!1"# I+2,2(# (2'$%4%# 1!'!+# 2+(!+!*# iP)*1236# M<><6# >3/q..46# LHj<# TT<^h_b`<E%+'!#

?%$&,D&+&(<#

#



`d#
!

W%2%36#B<# /!#B%2+#P!46#E%*1#A<#i]h\`j<# /!#B.*'%+#B%2+#P!4#=%1*2r6#F1!'#M!++36#@231%+#

=.12.,#%,4#>,%1.'$<#J Dermatolog Clin Res6#]i\jo#\hhf<#

#

##

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#
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#



`f#
!



`g#
!

#

#

#

#

#

#

#

#



bh#
!

#

A"B!-)%*#

#

/]a#>4L1]a8#=!',),!#>?@ABC>B#

'4hNH# 1K=Q=8#\b<h^<\ggh#

'4hNH#D;K=8#Z*4)m#=!*(!"#

);UNP# 03]NhN# ,P=M;KT=J;oF1<S3J;o$i3SH8# Q2*!3),# S,2:!*321!32# U!,# L4!02$%1#

U%(9+1!32#P2$.+.a2#PJ+9'9#

;Xe4TJ1#/]K;T=8 '!',),!�%$42,/%,\b�/.1'%2+<D.'#

 ;3;g4P#.NH1K1Ta8#hb`b#bdg#^h#`b#

#

#

#

#
#

#

#

#

#

#

#

#

#

#

#

#

#

#

#

#




