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 !"#$%&'"(!")!"*&+,-.-',/0"1&23&2"4"&5678,-9":84;-48<"%&28:-=&'$,-8"-"=8$:->$?-@<"5$>&'/0"46=;",8%8?4&+&"@>/4$<"
2-;!"2&4.!"182!",!"AB!CC!CD")-E,-0")&'+&=&2F"DCCG!
H!"#$%&'"(!")!"I84;-78;4-8",$'/4-"6;.,&0"=87-"-"7.8,-@"– &;,&'$";8%$,.-78;4&0"4&%18.8,?--"&567$8%/3"JJ"K,&;.=$,,/8"
@>/4-"'"L4&:8!"DCCM!"NO!
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 !"#$%#&'()*+#%– ,-.$%/!012"3+*41#!%5$6$

 !"#$ % !&'%$"#!%() %*"#!#(+($,"-% !.$.$-/(0%-$#"$(*#(123#%4$/.,5(/%4$

)(5(6*#%4$,(1$

P&2&28QR?-.,R" >$3'&=9'$,,@"'R2,&;@.S;@"2&"7-;:$",$05R:SL"1&L-=8,-3",8R,Q84?R0,-3">$3'&=9'$,S"
:92-,-" T1]. )82&;.$7$" 0&26" 1=->'&2-.S" 2&" =&>:$2R'" =81=&264.-',&U ;-;.8%-F" 4=8.-,R>%6F" 8,28%R7,&+&" >&56F"
1=-7&%6"&;.$,,R0" >$0%$V"7R:S,8"%R;?8" >-1&%RE"0&2&28QR?-.,&U" 1$.&:&+RU" TDW!"X$"2$,-%-"YZZX",$"8,28%R7,-0"
>&5" ;.=$E2$V" 5:->S4&" M[" ,$;8:8,,@" 1:$,8.- [1]!" \" >']@>46" >" ?-%" 1-.$,,@" 2-Q8=8,?R$:S,&U" 2R$+,&;.-4-F"
1=&+,&>6".$"'-5&=6"4:R,R4&-%&=Q&:&+R7,-3"4=-.8=RU'"Q6,4?R&,$:S,&U"$'.&,&%RU"R"1=&+=8;6'$,,@">=&;.$,,@"'6>:R'"
@':@9.S";&5&9"$4.6$:S,6"1=&5:8%6";67$;,&U"%82-7,&U"5R&3R%RU".$"8,2&4=-,&:&+RU!"

Z2,-%" >" ,$05R:SL" 6,R'8=;$:S,-3" %83$,R>%R'" =&>'-.46" 1$.&:&+R7,-3" ;.$,R'" V" ,$2%R=,8" 6.'&=8,,@"
'R:S,-3" =$2-4$:R'" .$" R,R?R$?R@" &4-;,&+&" ;.=8;6F" ',$;:R2&4" 7&+&" '-,-4$V" ,->4$" %&:846:@=,-3" R" +8,8.-7,-3"
1&=6L8,S" TBW!"^=-"1&=R',@,,R"1&4$>,-4R'".4$,-,-"_-.&1&2R5,&U">$:&>-"3'&=-3",$"4&:&U2,-0">&5".$"&;R5F"@4R",8"
%$:-" .-=8&U2,&U" 1$.&:&+RUF 56:&" 1&4$>$,&F" _&" 6" 3'&=-3" 1=&@':@9.S;@" 1=&&4;-2$,.,R" >%R,-" [4]!" `&%6" %8.&9"
,$L&U" =&5&.-" 56:&" 2&;:R2-.-" ;.$," ;-;.8%-" $,.-&4;-2$,.,&+&" >$3-;.6" 6" '6>:RF" 1&>$'6>:&'R0" 1$=$,&26:@=,R0"
.4$,-,R" .$" .4$,-,R" 4&,.=:$.8=$:S,&U" 7$;.4-" _-.&1&2R5,&U" >$:&>-F" ,8" 6=$E8,&U" '6>:&% 6" '>$V%&>']@>46" R>"
;654:R.-,,-%"=&>1&2R:&%"0&26"6".4$,-,R!"
 !"#$%!&'("!()#"*+'

a$.8=R$:&%" 2:@" 2&;:R2E8,S" 56:-" 1R;:@&18=$?R0,R" 1=81$=$.-" 7$;.&4" _-.&1&2R5,&U" >$:&>-" DG" 3'&=-3F"
&18=&'$,-3">"1=-'&26"&2,&5R7,&+&"0&2&28QR?-.,&+&"'6>:&'&+&"4&:&U2,&+&">&5$",$"5$>R"3R=6=+R7,&+&"'R22R:8,,@"
%R;S4&U" 4:R,R7,&U" :R4$=,R" L'-24&U" 2&1&%&+-" %!" `8=,&1&:@!" YR25-=$:-" .4$,-,6" '6>:$F" 1$=$,&26:@=,&U"
b,$'4&:&'6>:&'$"%$4=&;4&1R7,&",8 >%R,8,$".4$,-,$c".$"4&,.=:$.8=$:S,&U" b,8"6=$E8,$"'6>:&%".4$,-,$c"7$;.4-"
_-.&1&2R5,&U" >$:&>-!" Y;R" &18=&'$,R" 1$?RV,.-" 56:-" E-.8:@%-" =8+R&,6" 28QR?-.6" 0&26" ;8=82,S&U" '$E4&;.R!" Y;R"
84;18=-%8,.$:S,R" 2&;:R2E8,,@" 1=&'&2-:-;S" 6" 'R21&'R2,&;.R" 2&" 63'$:-" ^8=L&+&" ,$?R&,$:S,&+&" 4&,+=8;6" >"
5R&8.-4-"b*-U'F"DCCCc".$"=RL8,,@"4&%R;RU">"5R&8.-4-"`8=,&1R:S;S4&+&",$?R&,$:S,&+&"182$+&+R7,&+&"6,R'8=;-.8.6!

Y;R"1=&?826=-"1&"&5=&5?R".4$,-,"1=&'&2-:-",$"3&:&2R!"Y;R"=8$4.-'-F"4=R%",-E78">$>,$78,-3F"56:-"QR=%-"
de-,5R$;f"4'$:RQR4$?RU"d37f!

(4.-',R;.S" ;618=&4;-22-;%6.$>-" beZgc" T*h" A!AG!A!AW" '-%R=9'$:-" >$" >,-E8,,@%" L'-24&;.R" 'R2,&':8,,@"
,R.=&.8.=$>&:R9" ;-,S&+&" TiW!" (4.-',R;.S" 4$.$:$>-" T*h" A!AA!A!iW" '->,$7$:-" 6" =&>7-,,R0" Q$>R" +&%&+8,$.6" >$"
L'-24R;.9" =&>4:$26" 18=&4;-26" +R2=&+8,6" T7]. \.'&=8,,@" &4;-=$2-4$:R'" 6" ;618=,$.$,.R" +&%&+8,$.6" .4$,-,-" '"
HEPES-;$3$=&>,&%6"56Q8=R"jk"MFO &?R,9'$:-">$"6.'&=8,,@%"Q:6&=8;?8,.,&+&"1=&264.6"=&2$%R,6"ADB"'"=8$4?RU"
,8Q:6&=8;?8,.,&+&"28=-'$.6"2-+R2=&=&2$%R,6">"$4.-',-%-"Q&=%$%-"4-;,9"1=-"3'-:R">562E8,,@"blm!c = 485 ,%"
.$" '-1=&%R,9'$,,@" bln!c = 538 ,% [8W" .$" '-=$E$:-" '" 6%&',-3" &2-,-?@3" Q:6&=8;?8,?RU" b\Zhc" ,$" %+" 5R:4$" >$"
&2-,-?9" 7$;6!" Y%R;." >$+$:S,&+&" bGSHc" +:6.$.R&,6 6" ,85R:4&'&%6" QR:S.=$.R" .4$,-,-" '->,$7$:-" Q8=%8,.,-%"
%8.&2&%">$"2&1&%&+&9"g`)o"THW!"(4.-',R;.S"+:6.$.R&,.=$,;Q8=$>-"T*h"D!G!A!A W"'->,$7$:-";184.=&Q&.&%8.=-7,&"
>$" 6.'&=8,,@%" $264.R' 1-3:&=&-2,4-2-,R.=&58,>&:6" >" +:6.$.R&,&%" TACW, $4.-',R;.S" :$4.$.28+R2=&+8,$>-" bIgpc" T*h"
1.1.1.27W"'->,$7$:-">$"L'-24R;.9"&4-;,8,,@")(g)"1=-"BOC",%"6"Q&;Q$.,&-1R=6'$.,&%6"=&>7-,R"TAAW!

q8>6:S.$.-"'-%R=R'"1&2$,R"6"'-+:@2R"r st"2:@"DG"&5;.8E8,-3!"u4_&"2$,R">+R2,&".8;.6"IR:RVQ&=2$",8"56:-"
,&=%$:S,&" =&>1&2R:8,RF" 2&" U3" ;.$.-;.-7,&+&" $,$:R>6" 56:-" >$;.&;&'$,R" ,81$=$%8.=-7,R" .8;.-" bvwxyz{||–Wallis 
}~��}" `$" r{��–Whitney U-�ly�c" 1=-" 'R=&+R2,&;.R" >$" >,$78,,@" '% �" CFCG!" YR=&+R2,R;.S" 'R23-:8,,@" 2'&3" =@2R'"
>,$78,S"&57-;:9'$:-">"'-4&=-;.$,,@"t-.8;.6"e.S928,.$!"YR=&+R2,-%"''$E$:-"'R2%R,,R;.S"%RE"=@2$%-">$"'<0,05.
^&=R',@:S,-0"$,$:R>"5R&:&+R7,-3"1$=$%8.=R'">2R0;,9'$:-F"'-4&=-;.&'697-"4&%1]9.8=,R"1=&+=$%-"s�{��y���{"�" !C".$"
�ml|"2:@"������y-2000.
,#-.&/"!"'("!(01(*23*4*$#556

q8>6:S.$.-" 1=&'828,-3" 2&;:R2E8,S" 1&4$>$:-F" _&" 1=&?8;" '6>:&6.'&=8,,@" 6" >&5,&->%R,8,R0" .4$,-,R"
>$:&>-";61=&'&2E6V.S;@"$4.-'$?RV9"eZg".$"GSTF"b`$5:!"Ac. \.'&=8,,@"&4;-=$2-4$:R'".$"4$.$:$>,$"$4.-',R;.S"6"
2&;:R2E6'$,-3"7$;.4$3">$:&>-">$>,$9.S"&2,&;1=@%&'$,-3">%R,"(r = 0,72, p<0,01c">$:8E,&"'R2";.618,@"'$E4&;.R"
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1$.&:&+R7,&+&"1=&?8;6!"X&4=8%$F"6"1$=$,&26:@=,R0".4$,-,R"=R'8,S"&5&3"?-3"1&4$>,-4R'">%8,L6V.S;@F"$"6"'6>:R"–
>=&;.$V! Z2,&7$;,&"'"6=$E8,R0"'6>:&%"7$;.?R";1&;.8=R+$V.S;@"$4.-'$?R@"+:R4&:R>6!

I$4.$.28+R2=&+8,$>$" V" &2,-%" >" 4:97&'-3" Q8=%8,.R'" %8.$5&:R>%6" .$" >6%&':9V" R;.&.,-0" '1:-'" ,$"
&4-;,&-'R2,&',-0" 1&.8,?R$:" 4:R.-,-!" �U" $4.-',R;.S" 6" 7$;.?R" >$:&>-" 6=$E8,R0" '6>:&%" R;.&.,&" >=&;.$V!" )$%-"
2&'828,&" ,$@',R;.S" 1&>-.-',&U" 4&=8:@?RU" %RE" :$4.$.28+R2=&+8,$>,&9" $4.-',R;.9" .$F >" &2,&+&" 5&46F" =R',8%"
&4;-=$2-4$:R'"(r = 0,55, p<0,01)F" R">"R,L&+&"– >"$4.-',R;.9"eZg".$"GST<"Igp"�"CFCBD"�"CFDM�eZg�"- CFCD�*(`"�"
0,01×GSH + 0,003×GST* – CFC �ZqF"R2 = 0,93, F(5,24)=34,5, p<0,001 (* - 1&4$>,-4"',&;-.S"'R=&+R2,-0"'4:$2"6"
%$.8%$.-7,6" %&28:Sc!" ^&2R5,R" =8>6:S.$.-" 56:-" &.=-%$,R" R" 1=-" 2&;:R2E8,,R" $;1R=$?R0,&U" =R2-,-" ?-;." '6>:R'"
_-.&1&2R5,&U">$:&>-"3'&=-3",$"4&:&U2,-0">&5F".$"Q&:R46:@=,-0"R"1$1R:@=,-0"=$4"TGW!"Z2,RV9">"1=-7-,">%R_8,,@"
8,8=+8.-7,&U" =R',&'$+-" '" 5R4" $,$8=&5R&>6" %&E8" 56.-" ,$4&1-78,,@" $4.-',-3" Q&=%" 4-;,9" .$" R,R?R$?R@" &4-;,-3"
1=&?8;R'"6"4:R.-,R"TBW!")$'828,R"%R=46'$,,@"6>+&2E69.S;@">"&28=E$,-%-"=8>6:S.$.$%-!

`$5:-?@!"�$=$4.8=-;.-4-"$,.-&4;-2$,.,&-1=&&4;-2$,.,&+&";.$,6".4$,-,-"_-.&1&2R5,&U">$:&>-":9280"
3'&=-3",$"0&2&28QR?-.,-0"'6>:&'-0"4&:&U2,-0">&5, M±SD, n = 25

^&4$>,-4 `4$,-,$"
4&,.=:$.8=$:S,&U"
7$;.4-"

^$=$,&26:@=,$"
.4$,-,$

Y6>&:

eZg"$4.-',R;.SF"6!&!J%+"5R:4$ 0,86±0,07 1,15±0,18a 1,81±0,26a,b

*$.$:$>,$" $4.-',R;.SF" %%&:SJb3'�%+"
5R:4$c

30,4±4,0 24,8±4,0a 59,0±6,2a,b

X$+$:S,-0"GSHF"%%&:SJ+".4$,-,- 5,3±0,6 3,7±0,9 a 3,8±0,7a

I$4.$.28+R2=&+8,$>,$" $4.-',R;.S,
%4%&:SJb3'�%+"5R:4$c

0,24±0,04 0,34±0,070 a 0,56±0,05a,b

p:6.$.R&,.=$,;Q8=$>,$" $4.-',R;.SF"
,%&:SJb3'�%+"5R:4$c

28,0±4,7 24,7±4,4 87,5±17,6a,b

\.'&=8,,@" &4;-=$2-4$:R'F" \ZhJb3'�%+"
5R:4$c

1,4±0,2 1,1±0,2 a 1,7±0,1 a,b

^=-%R.4$!"a - 'R2%R,,&;.R"1&=R',@,&">".4$,-,&9 4&,.=:$.8=$:S,&U"7$;.4-",8"6=$E8,&U"'6>:&%"'R=&+R2,RF"b -
'R2%R,,&;.R"%RE"1$=$,&26:@=,&9".4$,-,&9 .$"'6>:&%"'R=&+R2,RF"=�CFCG

YR2&%&F" _&" 6" 3'&=-3" ,$" '6>:&'-0" 4&:&U2,-0" >&5" 0&2&28QR?-.,R 1$.&%&=Q&:&+R7,R" >%R,-" '" .4$,-,R"
4&,.=:$.8=$:S,&U"7$;.4-">]@':@9.S;@",$"AC"– AG"=&4R'"1R>,RL8F",RE"'"1$=$,&26:@=,R0".4$,-,R"TABW!"Z.=-%$,R",$%-"
2$,R" ;'R27$.SF" _&" >$" &4=8%-%-" '-,@.4$%-" 3$=$4.8=" >%R," 1&4$>,-4R'" 6" 7$;.4$3" >$:&>-F" 6=$E8,&U" '6>:&%F"
1&2R5,-0F" &2,$4" 6" 1&=R',@,,R" >" 1$=8,3R%&9" 4&,.=:$.8=$:S,&U" 7$;.4-" 2R$1$>&," '$=R$58:S,&;.R" 1&4$>,-4R'" 6"
1$=$,&26:@=,R0" .4$,-,R" %8,L-0F" ,RE" 6" '6>:R!" e18?-QR7,&9" 3$=$4.8=-;.-4&9",$'4&:&'6>:&'&U" .4$,-,-"%&E,$"
''$E$.-"1=-+,R78,,@"$4.-',&;.R"4$.$:$>-!"YR2.$4"%&E,$";.'8=2E6'$.-F"_&"'6>:-"=&>'-'$9.S;@"6"Q6,4?R&,$:S,&"
>%R,8,R0".4$,-,R">$:&>-",$".:R"'-;,$E8,,@"4&%18,;$.&=,-3"%&E:-'&;.80"+R18=.=&Q&'$,-3".-=8&?-.R'!"\"'6>:R"
?8"1=&@':@V.S;@"@4">5R:SL8,,@"=R',@"&4;-=$2-4$:R'!

`$4-%" 7-,&%F" 6" 1$?RV,.R'" >$" 6.'&=8,,@" '6>:$" 6" .4$,-,R" _-.&1&2R5,&U" >$:&>-" $4.-'6V.S;@" ;-;.8%$"
$,.-&4;-2$,.,&+&" >$3-;.6!" \" 1$=$,&26:@=,R0" .4$,-,R" 2R$1$>&," '$=R$58:S,&;.R" 1&4$>,-4R'F" 6" 1&=R',@,,R" >"
1$=8,3R%&9"1=&.-:8E,&U"7$;.4-"%8,L-0F",RE"6"'6>:R!"
789:,;9<,;
1. *=$'78,4&"Y!�!"^=&5:8%$"0&2&28QR?-.6"'"\4=$U,R"JJ q8E-%"2&;.616<"T���j<JJnl�y�w{�{!��nJ{w���|lyJBCCJW!
2. ^$,S4R'" Y!�!" ^&L-=8,R;.S" 1$.&:&+RU" _-.&1&2R5,&U" >$:&>-" '" 0&2&28QR?-.,-3" =8+R&,$3" X$3R2,&U" \4=$U,-" JJ"
�,2&4=-,&:&+R@!"DCCiF"AAF"N"AF"ABO-138.
3. Winkler R., Griebenow S., Wonisch W. Effect of iodide on total antioxidant status of human human serum // Cell Biochem.
Funct. 2000, 18, N 2, 143-146.
4. h$:SQ6L-,;S4$"p!"�!F"p,$.-L-,$"I!"I!F"Z;$2764"g!"Y!".$"R,!"a8.$:&281&,697$"Q6,4?R@".$"$,.-&4;-2$,.,R"':$;.-'&;.R"
_-.&1&2R5,&U">$:&>-":9280F"3'&=-3",$"0&2&28QR?-.,-0"'6>:&'-0"4&:&U2,-0">&5JJ"\4=!"5R&3R%!"E6=,!"DCAAF" BF"N"iF"92-97.
5. Duthoit C., Estienne V., Giraud A. et al. Hydrogen peroxide-induced production of a 40kDa immunoreactive thyroglobulin 
fragment in human thyroid cells: the onset of thyroid autoimmunity? // Biochem. J. 2001, 360 (Pt 3), 557-562.
6. Beauchamp C., Fridovich I. Superoxide dismutase: improved assay and an assay applicable to acrylamide gels // Anal. 
Biochem. 1971, 44, 276-287.
7. Aebi H. Catalase // In: Methods of Enzymatic Analysis. Ed.: H. U. Bergmeyer. London: Academic Press, 1974, 673-677.
8. Viarengo A., Burlando B., Cavaletto M. et al. Role of metallothionein against oxidative stress in the mussel Mytilus 
galloprovincialis // Am. J. Physiol. 1999, 277, N 6, 1612-1619.
9. Griffith O.W. Determination of glutathione and glutathione disulfide using glutathione reductase and 2-vinylpyridine // Anal. 
Biochem. 1980, 106, N 1, 207-212.



 !"#$%

%

130%

10. Habig W.H., Pabst M.J., Jakoby W.B. Glutathione S-transferases. The first enzymatic step in mercapturic acid formation // J. 
Biol. Chem. 1974, 249, N 22, 7130-7139.
11. ^=$4.-46%"1&"5-&3-%--!"1&2"=82!"e!"�!"e8'8=-,F"p!"(!"e&:&'S8'&0F"a!<"K>2-'&"ap\F"AH H!"GCH";!
12. Morita M., Noguchi S., Kawamoto H. et al. Thyroglobulin and lactic dehydrogenase isozymes in cystic fluid of thyroid 
nodules // Endocr J. 1994, 41, N 3, 227-233.
13. p,$.94"a!e!F"#R2:&';S4-0"Z!Y!F"Z;$2764"g!Y!F"#R2:&';S4-0"Y!Z!"a&=Q&:&+R7,R">%R,-".4$,-,-"_-.&1&2R5,&U">$:&>-"6"
3'&=-3",$"0&2&28QR?-.,-0"'6>:&'-0"4&:&U2,-0">&5"JJ"#1-.$:S,$"3R=6=+R@!"DCACF"DF"BO-40.
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 !"#-)+7%#&'()*+#%– ,-.$%8!#"0&*#-%9$:

/75%/$8'(09./"##:;$#"$ !"#$ &0<&/($- !"#$%%&' !$!()*$ &!+, -.-/. 0&1+2  

 !"#$%&'()"&* +,)%(+-.''/0*  !"#$%&#!''() *+%,+#$-*-./''$0) */*1+2/) – '!345678) 9$8/%+'5)
:!"#$%&#!''()6&.*1#!;)<+%,+#$-*-./''!)9!1$6$=5()%+>*1%->17*()-)?)'!*+6+''()@A%!0'/B)!)#)CDBEF)#/9!.A5#)
#$'!) >) 9%/G/'$&) *2+%15B) H$) :'!G'$) #/H+B) !'5I) -) %$:#/'+'/") A%!0'!") JKL;) M*$46/#-) '+4+:9+A-) #) @A%!0'5)
*A6!.!&17)95.651A/B)-)(A/"):!)E)%$A5#)G!*1$1!):!"#$%&#!'7)*+%,+#$-*-./''$0)*/*1+2/):%$*6!)'!)DNBOF;)P!#517)
*+%+.)1/")95.651A5#B)(A5)#/:'!'5)65A!%(2/):.$%$#/2/B)6/8+)1%+1/'!)2!>)*+%+.'53) 5)#/*$A/3)%5#+'7)*$2!1/G'$=$)
:.$%$#Q(B)1!)#/*$A/3)%5#+'7)R-'A,5$'!67'/")9$A!:'/A5#)*+%,+#$-*-./''$0)*/*1+2/) JDL;)S%/G/'$&):!"#$%&#!'7)
*+%,+#$-*-./''$0) */*1+2/)>) '/:7A5)R-'A,5$'!67'5) %+:+%#/B) 1!) *9$*54)I/11()6&.+3;)T%!./,53'$).6() #/#G+''()
R-'A,5$'!67'/")%+:+%#5#)$%=!'5:2-)#/A$%/*1$#-&17)R-'A,5$'!67'5)9%$4/)1!)%5:'5)#/./)R5:/G'$=$)'!#!'1!I+''()
[3].

M.'/2) 5:) :!*$45#) 95.#/H+''()R-'A,5$'!67'/") %+:+%#5#)$%=!'5:2-) >) :!=!%1-#!''()67$.('$&)#$.$&B) !)
*!2+) – U2$%I-#!''(V;) UW$%I-#!''(V) – ,+) A-9!''() #:/2A-) -) #5.A%/153) #$.$325) :) 2+1$&) :!=!%1-#!''() *#$=$)
$%=!'5:2-B) .6() 9%$R56!A1/A/) :!"#$%&#!'7B) 1!) :25,'+''() ) :.$%$#Q(;) X+3) #/.) 2$%I-#!''() '!4-#!>) $*$46/#$0)
9$9-6(%'$*15) -) :/2$#-) 9$%-) %$A-B) !) *!2+) '!)Y$.$"%+H+) JZL;)W$%I-#!''()2!>) %5:'$45G'/3) #96/#) '!) :.$%$#Q()
6&./'/;)P!-A$#5).$*65.I+''()#A!:-&17B)H$)96!#!''()-)"$6$.'53)#$.$325)2$4565:->)#*5)*/6/)$%=!'5:2-)5):'!G'$)
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