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6"O")&6'. 81"#'6$&"1?.', H(* ."%'&'(3; '<)&'2&"1?)&6$; )1$<$2 R.#'&'%)"4*2 4'D"& 
'%$>36$&? H'1'D*&"1?.'" 61*2.*". M)H"; H("#)&'2O*; *))1"#'6$.*A 
$.&*R.#'&'%)*.'6'A &"($H** H(* ')&('A H$&'1'+** <'1"" 6"('2&". H(* B-$)&** <'1?.3; ) 
R.#'&'%)"4*"A * H(* &*&('6$.** &"($H** #' 'H&*4$1?.'+' B('6.2. 

96&'()%*" H($6$ © (2010 +'#) H(*.$#1"D$& S. Karger AG, +. =$>"1? 

 

8"H)*) 'H("#"12"&)2 %$% )*)&"4.$2 ("$%/*2 '(+$.*>4$ ;'>2*.$ .$ H'H$#$.*" *.K"%/** 
[1]. I$%'", %$>$1')? <3, H(')&'" 'H("#"1".*" )%(36$"& >.$-*&"1?.' <'1"" )1'D.B: 
<*'1'+*-")%B: )BO.')&?, %'&'($2 H("#H'1$+$"&, -&' 6>$*4'#"A)&6*" '(+$.*>4$ ;'>2*.$ * 
4*%(''(+$.*>4$ 2612"&)2 R6'1:/*'..' #("6.*4, &").34 *, H' <'1?7'4B )-"&B, 
)*4<*'&*-")%*4, $ ." H$&'1'+*-")%*4. I"4 ." 4"."", 6 H($%&*%" %1*.*-")%'+' 6($-$ R&'& 
.:$.) '&)B&)&6B"&. P12 %1*.*/*)&$ )"H)*) - R&' H'&"./*$1?.' ($>(B7*&"1?.'" 
%1*.*-")%'" ($))&('A)&6', H("#)&$612:O"" )'<'A +($.#*'>.B: H('<1"4B ) 
&"($H"6&*-")%'A &'-%* >(".*2. , ($>6*&3; )&($.$; )"H)*) 2612"&)2 6"#BO"A H(*-*.'A 
)4"(&* H$/*".&'6, +')H*&$1*>*('6$..3; 6 '&#"1".*2 *.&".)*6.'A &"($H** (J0I). , 
8"6"(.'A 94"(*%" )"H)*)'4 "D"+'#.' >$<'1"6$"& H(*<1*>*&"1?.' '#*. 4*11*'. -"1'6"%. 
='1"" 200000 &$%*; H$/*".&'6 B4*($:& [2]. C(* ($))4'&(".** ) +1'<$1?.'A &'-%* >(".*2 
4'D.' )#"1$&? 636'#, -&' )"H)*) H("#)&$612"& )'<'A H('/")), %'&'(3A 1"D*& 6 ').'6" 
6"#BO*; H(*-*. )4"(&* D*&"1"A ($>6*&3; )&($. 4*($ (.$H(*4"(, 4$12(**, H."64'.**, 
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H$($>*&$(.3; >$<'1"6$.*A, &B<"(%B1">$ * #*$("* #"&"A 41$#".-")%'+' 6'>($)&$). 
81"#'6$&"1?.', )BO")&6B:& 6)" ').'6$.*2 B&6"(D#$&?, -&' )"H)*) 2612"&)2 1*#*(B:O"A 
H(*-*.'A H("#'&6($&*4'A >$<'1"6$"4')&* * )4"(&.')&* 6 )'6("4"..'4 4*(". 

N1*.*-")%*A )*.#('4 )"H)*)$ 6%1:-$"& <'1?7'" %'1*-")&6' 6>$*4')62>$..3; HB)%'63; 
K$%&'('6 * ("$%/*A '(+$.*>4$ ;'>2*.$. I'+#$ %$% '<O"H(*.2&3" 'H("#"1".*2 
H'#-"(%*6$:&, -&' '<2>$&"1?.34 B)1'6*"4 #12 B)&$.'61".*2 #*$+.'>$ 2612"&)2 .$1*-*" 
*.K"%/**, 63>6$..'A D*>.")H')'<.34* 4*%(''(+$.*>4$4*, *#".&*-.3A <*'1'+*-")%*A 
'&%1*% ) *#".&*-.34* %1*.*-")%*4* H')1"#)&6*24* 4'D"& <3&? 63>6$. 
."*.K"%/*'..34* H(*-*.$4*. , #"A)&6*&"1?.')&*, *>4".2:O"")2 &'1%'6$.*" &").'+' * 
)*4<*'&*-")%'+' 6>$*4'#"A)&6*2 RB%$(*'&*-")%'+' ;'>2*.$ * H('%$(*'&*-")%'+' 
4*%('<.'+' 4*($ B%$>36$"& .$ 6)" <'1?7"" .")''&6"&)&6*" &($#*/*'..'+' H("#)&$61".*2 
'< *.K"%/**. 
S&'& %'('&%*A '<>'( H')62O". R6'1:/*'.*('6$.*: H("#)&$61".*A ' )"H)*)", 
)'6("4"..'4B H'.*4$.*: 6>$*4'#"A)&6*2 4"D#B '(+$.*>4'4 ;'>2*.$ * 
4*%(''(+$.*>4$4*, H'.*4$.*: <*'1'+*-")%*; H('/"))'6, '&6"&)&6"..3; >$ ($>6*&*" 
%1*.*-")%'+' )*.#('4$, $ &$%D" )H"/*K*-")%'A ('1* R.#'&'%)*.$ %$% HB)%'6'+' K$%&'($. 
C(0'*': *'%$:*+ 0$"+%*+ 
81'6' ")"H)*)" *4""& +("-")%'" H('*);'D#".*". C("#H'1$+$"&)2, -&' R&'& &"(4*. 
6H"(63" *)H'1?>'6$1 T*HH'%($& (460-370 ++. #' .. R.) ((*). 1) [3]. J. H'1$+$1, -&' #12 
D*63; '(+$.*>4'6 H("#B)4'&(".3 #6$ ').'6.3; HB&* B4*($.*2. 8"H)*), H' 4.".*: 
T*HH'%($&$, H("#)&$612"& )'<'A H('/")) B4*($.*2, H'('D#$:O*A <'1">.?, * 
H('261".*"4 "+' )1BD*& ($>1'D".*", +.*".*" * ."H(*2&.3A >$H$;. C"H)*), 6 
H('&*6'H'1'D.')&? )"H)*)B, 2612"&)2 H('/"))'4 ($)H$#$ &%$."A, %'&'(3A H("#H'1$+$"& 
)'>*#$.*" * .$<1:#$"&)2, .$H(*4"(, H(* H"("6$(*6$.** H*O* *1* <('D".** 6*.'+($#$ ) 
'<($>'6$.*"4 6*.$. 0#"* T*HH'%($&$ H("#6');*&*1* K'(4B1*('6%B 4*%('<.'A &"'(** 
<'1">."A <'1"" -"4 .$ #6" &3)2-* 1"&, * #("6.*A B-".3A )%'("" +'6'(*1 ' H')1"#)&6*2; 
($)H$#$ &%$."A, -"4 ' H(*-*.$; H$&'1'+*-")%'+' H('/"))$. 

 
>*'. 1. T*HH'%($& (460-370 ++. #' .. R.) - +("-")%*A 6($-, %'&'(3A 6H"(63" *)H'1?>'6$1 
&"(4*. ")"H)*)". 
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, XIX )&'1"&** ($<'&$ Q"44"1?6"A)$, C$)&"($ * E*)&"($ H'%$>$1$, -&' *.K"%/*2 4'D"& 
H"("#$6$&?)2 '& '#.'+' H$/*".&$ % #(B+'4B, * 6'>.*%$&? 6 (">B1?&$&" ($>4.'D".*2 
4*%(''(+$.*>4'6 6.B&(* '(+$.*>4$ ;'>2*.$. 8 #(B+'A )&'('.3, *))1"#'6$.*2 R&*; 
B-".3; )6*#"&"1?)&6'6$1*, -&' H"("#$-B *.K"%/** 4'D.' H("#BH("#*&? <1$+'#$(2 
)'<1:#".*: H(*./*H'6 $)"H&*%*. 8'>#$.*" 4*%('<.'A &"'(** <'1">."A '%$>$1' 
)"(?">.'" 6'>#"A)&6*" .$ H'.*4$.*" 4'#"1* ($>6*&*2 *.K"%/*'..'A H$&'1'+** B 
-"1'6"%$ ((*). 2). 0.K"%/** 4'D.' *><"D$&? H(* )'<1:#".** &$%*; 4"(, %$% 
)&"(*1*>$/*2 *1* H$)&"(*>$/*2 4'1'%$, 6$%/*.$/*2 B<*&34* *1* ')1$<1"..34* 
6'><B#*&"124*. 0.K"%/*'..3A H('/")) 4'D.' B)H"7.' *>1"-*&? HB&"4 H(*4".".*2 
H('&*6'4*%('<.3; H("H$($&'6, %'&'(3" )H')'<.3 )"1"%&*6.' B.*-&'D$&? 6'><B#*&"12 
<'1">.*. 9()".$1 &$%*; H("H$($&'6 H('#'1D$"& ($)7*(2&?)2. C')%'1?%B .$*<'1"" 
#($4$&*-.34* * 6$D.34* H(*4"($4* H("#7")&6B:O"+' H("#)&$61".*2 ' )"H)*)" <31* 
&$%*" <'1">.*, %$% -B4$, .$&B($1?.$2 ')H$ * 4$))$ #(B+*; *.K"%/*'..3; >$<'1"6$.*A, 
1'+*-.34 %'./"H&B$1?.34 7$+'4 <31' H(*>.$.*" )"H)*)$ %1*.*-")%*4 H('261".*"4 
*.K"%/**, * R&* #6$ &"(4*.$ 6 (2#" )1B-$"6 .$-$1* *)H'1?>'6$&? %$% )*.'.*43. WO" 6 
1970-; ++. 6 4"#*/*.)%*; )1'6$(2; &"(4*. ")"H)*)" 'H("#"121)2 %$% "H(*)B&)&6*" 
+.'"('#.3; 4*%(''(+$.*>4'6 6 %('6'&'%"". 

 
>*'. 2. 84"(&.')&? '& *.K"%/*'..'A H$&'1'+** 6 XX )&'1"&**. 84"(&.')&? )&("4*&"1?.' 
).*>*1$)? 6 H"(6'A H'1'6*." XX 6"%$ H("*4BO")&6"..' <1$+'#$(2 #')&*D".*24 6 
'<1$)&* '<O")&6"..'+' >#($6'';($.".*2. C'261".*" $.&*<*'&*%'6 * '&#"1".*A 
*.&".)*6.'A &"($H** '%$>$1' >.$-*&"1?.' 4"."" 63($D"..'" 61*2.*" .$ H'%$>$&"1* 
)4"(&.')&* .$ H'HB12/*'..'4 B('6." [6]. 
 

I"4 ." 4"."", 6 &"-".*" .")%'1?%*; #")2&*1"&*A H')1" &'+', %$% )&$1' *>6")&.', -&' 
<$%&"(** 2612:&)2 H(*-*.'A ($)H(')&($.".*2 *.K"%/*'..3; >$<'1"6$.*A, <31' 
B)&$.'61".', -&' %1*.*-")%*" H')1"#)&6*2 *.K"%/** '<B)1'61".3 <'1"" )1'D.34* 
H('/"))$4*, -"4 H(')&'" ."%'.&('1*(B"4'" ($>4.'D".*" 4*%('<'6 6 '(+$.*>4" ;'>2*.$. 
F"4"/%*A 4*%('<*'1'+ !*;$(# CK"AK"( ((*). 3) 6 H('/"))" *>B-".*2 H$&'+"..'+' 
4*%(''(+$.*>4$ Vibrio cholerae (;'1"(.3A 6*<(*'.) '<.$(BD*1, -&' #$D" B<*&3" 
<$%&"(** 4'+1* 63>36$&? ($>6*&*" >$<'1"6$.*2 B 1$<'($&'(.3; D*6'&.3;. J. 
H("#H'1'D*1, -&' 6'><B#*&"1"4 >$<'1"6$.*2 <31 &'%)*., 6;'#2O*A 6 )')&$6 %1"&'-.'A 
)&".%* <$%&"(**. C')%'1?%B R&'& &'%)*. <31 R.#'+"..34 H' '&.'7".*: % <$%&"(**, * 
&'%)*-.34 #12 '(+$.*>4$ 41"%'H*&$:O"+', B-".3A .$>6$1 "+' "R.#'&'%)*.'4". 

?1"#()*+ 2:*001 

J 40 /%1%1I 
96"&E*$"* 
:6;% $%#(47 
3#:18$$I:1"(
"*+ 

J CLM 
80(:87( "1-1%$ 
"(0:(:78"$( 
I4$:*:$81"*( 
8$#7§ 

?$'4(#"*. '46-1. 
0(:(#1-* -6)7 $% 
-(4$8(&1 & -(4$8(&6 

51-14$ 
0:*)("("*+ 
0("*E*44*"1 

N3$H:(%("1 
81&E*"1 C$4&1 

K%8(:D#("$ 0$'%1"$84("*( 
$ '$#(.'%8** 81&E*"1E** 

T'#3 

8
4"
(&
.'
)&
? 
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>*'. 3. F"4"/%*A 4*%('<*'1'+ !*;$(# CK"AK"( ()&'2), %'&'('4B H(*H*)36$"&)2 
'&%(3&*" R.#'&'%)*.$, * !'<"(& N'; ()*#2). 

 

C'261".*" $.&*<*'&*%'6 6 .$-$1" #6$#/$&'+' 6"%$ H("#')&$6*1' #'H'1.*&"1?.3" #'6'#3 
6 H'1?>B &'+', -&' )"H)*) 2612"&)2 H$&'1'+*-")%*4 )')&'2.*"4 <$%&"(*$1?.'A H(*('#3, * 
"+' 4'D.' *>1"-*&? HB&"4 B.*-&'D".*2 <'1">."&6'(.'+' 4*%(''(+$.*>4$. , &' D" 6("42, 
."%'&'(3" .'63" .$B-.3" #$..3" )6*#"&"1?)&6'6$1* ' &'4, -&' 6)" ." &$% H(')&'. 

,'-H"(63;, '-"6*#.', -&' #$D" 6' 6("4".$, H("#7")&6'6$67*" $.&*<*'&*%'&"($H**, 
<'1?7*.)&6' H$/*".&'6 ) )"(?">.'A *.K"%/*'..'A H$&'1'+*"A, &$%'A %$% H."64'.*2, 
63D*6$1* [4]. 8 #(B+'A )&'('.3, 4$)7&$<.'" 6."#(".*" $.&*<*'&*%'6 6 %1*.*-")%B: 
H($%&*%B ." H(*6"1' % ).*D".*: ($)H(')&($."..')&* *.K"%/*'..'A H$&'1'+** *1* 
)4"(&.')&* '& *.K"%/*'..3; >$<'1"6$.*A, .' 1*7? )H')'<)&6'6$1' )4"." 
#'4*.*(B:O*; 6'><B#*&"1"A [5]. C'HB12/*'..3" H'%$>$&"1* )4"(&.')&* '& 
*.K"%/*'..'A H$&'1'+**, >$("+*)&(*('6$..3" 6 &"-".*" #6$#/$&'+' 6"%$, 
)6*#"&"1?)&6B:&, -&' .$*<'1"" 63($D"..'" ).*D".*" )4"(&.')&* H('*>'71' 6 H"(6'A 
H'1'6*." )&'1"&*2, #' 6."#(".*2 $.&*<*'&*%'6 * J0I 6 %1*.*-")%B: H($%&*%B. 
,"('2&."" 6)"+', R&' ).*D".*" <31' )62>$.' ) '<7*(.'A ("K'(4'A '<O")&6"..'+' 
>#($6'';($.".*2 [6] ((*). 2). 
,'-6&'(3;, #')&*D".*2, )62>$..3" ) H'.*4$.*"4 <*'1'+*-")%'+' 4";$.*>4$ ("$%/** 
'(+$.*>4$ .$ *.K"%/*'..3A H('/")), H'%$>$1*, -&' 4.'+*" %$(#*.$1?.3" H(*>.$%* 
*.K"%/**, &$%*" %$% 1*;'($#%$, 1"A%'/*&'> * ;$($%&"(.3" +"4'#*.$4*-")%*" .$(B7".*2, 
'<B)1'61".3 ." H(2434 61*2.*"4 &'%)*.'6, 63#"12"43; 4*%(''(+$.*>4'4, $ 
'H')("#'6$..34 #"A)&6*"4 -"("> $%&*6$/*: K$%&'('6, %'&'(3" )*.&">*(B:&)2 * 
63)6'<'D#$:&)2 '(+$.*>4'4 ;'>2*.$ [7, 8]. C('6"#"..3" *))1"#'6$.*2 )6*#"&"1?)&6B:&, 
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-&' %1*.*-")%*" H('261".*2 *.K"%/**, 63>6$..'A +($4H'1'D*&"1?.34* * 
+($4'&(*/$&"1?.34* 4*%(''(+$.*>4$4*, ."'&1*-*43 [9], * $.$1'+*-.3 %1*.*-")%*4 
H('261".*24 6*(B).'A *.K"%/** [10], *1* #$D" *.KB>** )&"(*1?.3; )&("))'63; 
+'(4'.'6 [11] *1* H('6')H$1*&"1?.3; /*&'%*.'6 [12] >#'('634 #'<('6'1?/$4. 
0 .$%'."/, RH*#"4*'1'+*-")%*" *))1"#'6$.*2 H'%$>$1*, -&' H('+.'> &2D"1'<'1?.3; 
H$/*".&'6 6 <'1?7"A 4"(" >$6*)*& '& 63($D"..')&* )"H&*-")%'A ("$%/**, -"4 '& 
K$%&'('6, )62>$..3; ) '-$+'4 *.K"%/** *1* <$%&"(*'1'+*-")%*4* )6'A)&6$4* 
*.K"%/*'..'+' >$<'1"6$.*2 [13]. S&'& 6'H(') *>B-$1)2 6 ($4%$; %'+'(&.'+' *))1"#'6$.*2 
211 &2D"1'<'1?.3; H$/*".&'6, #1*&"1?.')&? H("<36$.*2 %'&'(3; 6 J0I )')&$6121$, H' 
4".?7"A 4"(", 2 #.2. P*$+.')&*%$ *.K"%/** <31$ ').'6$.$ *)%1:-*&"1?.' .$ 
4*%('<*'1'+*-")%*; %(*&"(*2;, %'&'(3" *#".&*K*/*('6$1* H$&'+"..3A 4*%(''(+$.*>4 
6 &%$.2; ()&"(*1?.3; B >#'('6'+' -"1'6"%$) 6." )62>* ) ("$%/*"A '(+$.*>4$ ;'>2*.$. P12 
63H'1.".*2 %'1*-")&6"..'+' $.$1*>$ 63($D"..')&* %1*.*-")%'+' '&%1*%$ 
*)H'1?>'6$1$)? 7%$1$ '/".%* )"H)*)$, H'>6'12:O$2 'H("#"12&? &2D")&? )')&'2.*2 H' 
H2&* '<')'<1"..34 H$($4"&($4: &"4H"($&B($, %'1*-")&6' 1"A%'/*&'6 6 %('6*, .$(B7".*2 
)'>.$.*2, B)*1"..3A 4*.B&.3A )"(#"-.3A 63<(') * *.)B1*.'(">*)&".&.')&?. I'+#$ %$% ) 
H'637"..34 (*)%'4 )4"(&* H$/*".&'6 J0I %'(("1*('6$1* %$% ($>6*&*" *.K"%/**, &$% * 
B('6".? )*)&"4.'+' )"H&*-")%'+' '&6"&$ (63($D"..')&? %'&'('+' *>4"(21$)? H(* H'4'O* 
7%$13 '/".%* )"H)*)$), #12 <'1?.3; ) H'#&6"(D#"..'A *.K"%/*"A ((*). 4) * H$/*".&'6 ) 
63($D"..34 )"H&*-")%*4 '&%1*%'4 (&$<1*/$ 1) H('+.')&*-")%*4 K$%&'('4 )B44$(.'A 
)4"(&.')&* 6 J0I <31$ &'1?%' &2D")&? )"H&*-")%'A ("$%/**. 

 
>*'. 4. , H'HB12/** H$/*".&'6, +')H*&$1*>*('6$..3; ) *.K"%/*"A, $ &$%D" 6 H'HB12/** 
H$/*".&'6, B %'&'(3; *.K"%/*2 ($>6*1$)? 6' 6("42 H("<36$.*2 6 J0I, 4$%)*4$1?.$2 
'/".%$ )"H)*)$ <31$ >.$-*&"1?.' 637" 6 +(BHH$; B4"(7*; <'1?.3; (-"(.3" )&'1</3), 
-"4 6 +(BHH$; 63D*67*; H$/*".&'6 (<"13" )&'1</3); * ( < 0,01 [13]. 
 

<1H4*E1 1. @$%&'(3, 'H("#"12:O*" ."<1$+'H(*2&.3A *);'# <'1?.3; )"H)*)'4 ('/".%$ 
H' 7%$1" )"H)*)$ > 7) [13]. 

I*H *.K"%/** ,3D*67*" M4"(7*" p 
C"(6*-.$2, % 38,1 46,7 F8 
Q$($D".*" 6 J0I, % 76,2 60 F8 
J&)B&)&6B"&, % 14,3 13,2 F8 
C."64'.*2, % 47,6 53,3 F8 
C"(*&'.*&, % 33,3 40 F8 

A
1&
'*
)
14
@"
1+

 $
E(
"&
1 
0$

 /
&1
4(

 

N'%$-"*& 

             ?(:8*-"7.                    GN< 
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=$%&"(*"4*2, % 42,9 20 F8 
J/".%$ H' 7%$1" )"H)*)$ 7,7 ± 0,2 8,9 ± 0,4 < 0,01 
F8 - .")BO")&6"..$2 ($>.*/$. 

 
8'6("4"..$2 &"(4*.'1'+*2 '&($D$"& ')'>.$.*" &'+', -&' ."'<;'#*4' ($>+($.*-*6$&? 
)&*4B1 (*.K"%/*2) * '&%1*%, %'&'(3A '. H('6'/*(B"&. I$%*4 '<($>'4, *.K"%/*2 
'H("#"12"&)2 %$% 6."#(".*" 4*%(''(+$.*>4'6 6 &%$.*, %'&'(3" 6 .'(4" #'1D.3 <3&? 
)&"(*1?.34*. !"$%/*2 .$ R&' 261".*" 4'D"& <3&? 4")&.'A *1* )*)&"4.'A. I$%$2 
)*)&"4.$2 ("$%/*2 .')*& .$>6$.*" ")"H)*)". 81"#'6$&"1?.', )"H)*) - R&' )*)&"4.$2 
6')H$1*&"1?.$2 ("$%/*2 '(+$.*>4$ ;'>2*.$ .$ *.K"%/*:. S&$ ("$%/*2 .')*& 
H(*)H')'<*&"1?.3A ;$($%&"(. J.$ .$H($61".$ .$ &', -&'<3 H'4'-? '(+$.*>4B *><$6*&?)2 
'& *.K"%/**. I"4 ." 4"."", 6 (2#" )1B-$"6 H')1"#)&6*2 )*)&"4.'A ("$%/** 4'+B& <3&? 
."$#"%6$&.34*. C'.2&*" "&2D"13A )"H)*)" H("#H'1$+$"& ($>6*&*" '(+$..'A #*)KB.%/**, 
)62>$..'A ) )"H&*-")%'A ("$%/*"A, &'+#$ %$% &"(4*. ")"H&*-")%*A 7'%" '<'>.$-$"& 
)'HB&)&6B:O*" )"(#"-.'-)')B#*)&3" *>4".".*2, %'&'(3" )'H('6'D#$:&)2 .$(B7".*"4 
&%$."6'A H"(KB>**. C')%'1?%B ("$%/*2 '(+$.*>4$ ." 6)"+#$ )H"/*K*-.$ *.K"%/**, #12 
'H*)$.*2 %1*.*-")%'+' )*.#('4$ .">$6*)*4' '& "+' H(*-*.3, <31$ #$.$ K'(4B1*('6%$ 
H'.2&*: )*.#('4$ )*)&"4.'+' 6')H$1*&"1?.'+' '&6"&$ (88,J) [1]. 

8'+1$)'6$..$2 &"(4*.'1'+*2 H'>6'12"& 6.")&* 2).')&? 6 '<O"" H("#)&$61".*" ' )"H)*)", 
'#.$%' '.$ '%$>$1$)? ." ')'<"..' H(*+'#.'A #12 ;$($%&"(*)&*%* )"H)*)$ %$% >$<'1"6$.*2 
[14]. JH*)$.*" >$<'1"6$.*2 H("#H'1$+$"& ." &'1?%' H'.*4$.*" H$&'1'+*-")%'+' 
4";$.*>4$, .' * 'H("#"1".*" H'HB12/** H$/*".&'6, 6 %'&'('A H('26*1*)? <3 
H("*4BO")&6$ )H"/*K*-")%'A &"($H**, 4'#*K*/*(B:O"A ("$%/*: '(+$.*>4$ .$ 
*.K"%/*:. 

=1&*) $H:13$) )*&:$$:21"*3)7 0:$8$E*:6;% $%&4*& $:21"*3)1 I$3+*"1? 
L.'+'%1"&'-.3" '(+$.*>43, &$%*" %$% '(+$.*>4 -"1'6"%$, D*6B& 6 ."H')("#)&6"..'A 
<1*>')&* ) 4*%('<.34 4*('4. F$7* )1*>*)&3" '<'1'-%* >$)"1".3 -(">63-$A.' 
($>.''<($>.'A +(BHH'A <$%&"(*A. 8'+1$).' )'6("4"..34 H'#)-"&$4, 4*%('K1'($ 
>#'('6'+' -"1'6"%$ H("#)&$61".$ H(*<1*>*&"1?.' 500-1000 6*#'6 [15]. L*%('<.3" %1"&%* 
H' -*)1"..')&* H("6');'#2& %1"&%* '(+$.*>4$ ;'>2*.$ H(*<1*>*&"1?.' 6 10 ($> [16], 
&'+#$ %$% %'1*-")&6' 4*%('<.3; +".'6 H("6');'#*& %'1*-")&6' +".'6 -"1'6"-")%'+' 
'(+$.*>4$ '(*".&*('6'-.' 6 100 ($> [17]. I"4 ." 4"."", &$%'" 6>$*4'#"A)&6*" ." &'1?%' 
<1$+'&6'(.', .' * ."'<;'#*4' #12 .'(4$1?.'+' K*>*'1'+*-")%'+' ($>6*&*2 '(+$.*>4$, * 
'#.$ *> .$*<'1"" 63#$:O*;)2 )H')'<.')&"A *44B..'A )*)&"43 -"1'6"%$ >$%1:-$"&)2 6 
&'4, -&'<3 ." ("$+*('6$&? .$ )'<)&6"..B: 4*%('K1'(B. 
C')&'2..B: B+('>B #12 .$7"+' '(+$.*>4$ )')&$612"& H'H$#$.*" -BD"('#.3; 4*%('<'6 6 
&%$.* ) ($>6*&*"4 *.K"%/*'..'+' H('/"))$. 8 /"1?: H('&*6')&'2.*2 R&'A B+('>" 
'(+$.*>4 -"1'6"%$ *)H'1?>B"& )1'D.B: )*)&"4B ("$+*('6$.*2. !"$%/*2 '(+$.*>4$ 
').'6$.$ .$ )H')'<.')&* ($)H'>.$6$&? 4'1"%B13, %'&'(3" -BD"('#.3 * )*+.$1*>*(B:& 
'< 'H$).')&* [18]. , ($)H'>.$6$.** R&'A 'H$).')&* B-$)&6B"& )"4"A)&6' &'11-H'#'<.3; 
("/"H&'('6 ($.+1. Toll-like receptor, TLR), %'#*('6$..3; 6 +"."&*-")%'4 4$&"(*$1" %1"&'% 
>$('#37"6'A 1*.**. !$>1*-.3" TLR ;$($%&"(*>B:&)2 ')'<34* 4'1"%B12(.34* 
4";$.*>4$4* )62>36$.*2 * $%&*6$/** [19]. F$H(*4"(, TLR2 )62>36$:&)2 ) %'4H'.".&$4* 
%1"&'-.'A )&".%* +($4H'1'D*&"1?.3; 4*%(''(+$.*>4'6, &$%*4* %$% 1*H'&"A;'"6$2 
%*)1'&$ * H"H&*#'+1*%$., &'+#$ %$% TLR5 $%&*6*(B:&)2 <"1%'4 K1$+"11*.'4, %'&'(3A 
)'#"(D*&)2 6 D+B&*%$; <$%&"(*A. TLR9 )'"#*.2:&)2 ) CpG-4'&*6$4*, ;$($%&"(.34* #12 
PFN <$%&"(*$1?.3; %1"&'%, $ TLR3, TLR7 * TLR8 )H')'<.3 ($)H'>.$6$&? .B%1"*.'63" 
%*)1'&3 6*(B)'6. TLR4 $%&*6*(B:&)2 R.#'&'%)*.'4 %1"&'-.'A )&".%* 
+($4'&(*/$&"1?.3; <$%&"(*A * ($>.''<($>.34* R.#'+"..34* 1*+$.#$4*, 6%1:-$2 
'%*)1"..3" K')K'1*H*#3 [20], R1$)&$>B [21] * <"1'% HMGB1 [22]. 



7                                                                                 !'1? R.#'&'%)*.$ 6 H$&'+".">" )"H)*)$. L$(7$11 

SKK"%&3 6>$*4'#"A)&6*2 1*+$.#$ ) TLR )1'D.3, .' >$)1BD*6$:& 6.*4$.*2, H')%'1?%B 
'.* H("#')&$612:& /"..3" )6"#".*2 ' &'4, %$% *>4".2"&)2 '&%1*% '(+$.*>4$ .$ 
*.K"%/*:, *, )1"#'6$&"1?.', %$% 4'#*K*/*('6$&? '&%1*% &"($H"6&*-")%*4 HB&"4. 
S.#'&'%)*. (*1* 1*H'H'1*)$;$(*#), %'&'(3A .$;'#*&)2 6 /".&(" 6.*4$.*2 #$..'+' &'4$, 
H("#)&$612"& )'<'A H('&'&*H*-")%*A $+'.*)& TLR, *.#B/*(B:O*A $%&*6$/*: %1"&'% 
H')1" 6>$*4'#"A)&6*2 ) TLR4 ((*). 5). ,>$*4'#"A)&6*" R.#'&'%)*.$ ) R1"4".&$4* 
*44B..'A )*)&"43 '(+$.*>4$ ;'>2*.$ <'1?7" .$H'4*.$"& RKK"%&3 +'(4'.$, $ ." 
2#'6*&'+' 6"O")&6$ [23]. 

 
>*'. 5. 8;"4$&*-")%'" H("#)&$61".*" 6>$*4'#"A)&6*2 R.#'&'%)*.$ * %1"&'% ;'>2*.$. 
S.#'&'%)*. 6'>#"A)&6B"& .$ %1"&%* H')("#)&6'4 )H"/*K*-")%'+' ("/"H&'(.'+' 
%'4H1"%)$. , (">B1?&$&" $%&*6*(B"&)2 )1'D.3A &($.)%(*H/*'..3A H('/")), %'&'(3A 
H(*6'#*& % #*KK"("./*$1?.'A R%)H("))** <'1"" -"4 3700 +".'6 (#'H'1.*&"1?.$2 
*.K'(4$/*2 H("#)&$61".$ 6 &"%)&"). 
 

S.#'&'%)*., H'H$67*A 6 %('6'&'% *> H(')6"&$ %*7"-.*%$ *1* *> 1"+%*;, *1* 
63)6'<'#*67*A)2 6 H('/"))" *.6$>*6.'A +($4'&(*/$&"1?.'A *.K"%/**, 
&($.)H'(&*(B"&)2 6 %'4H1"%)" )' )H"/*K*-")%*4 <"1%'4-H"(".')-*%'4, %'&'(3A .')*& 
.$>6$.*" 1*H'H'1*)$;$(*#-)62>36$:O*A <"1'%. N'4H1"%) 1*H'H'1*)$;$(*#-
)62>36$:O*A <"1'%:R.#'&'%)*. )H')'<". 6>$*4'#"A)&6'6$&? ) TLR4. I"4 ." 4"."", #12 
H'1.'A $%&*6$/** TLR4 ."'<;'#*4' H(*)B&)&6*" 4"4<($..'+' ("/"H&'($ CD14 * 
6)H'4'+$&"1?.'+' <"1%$ MD2. ,>$*4'#"A)&6*" ) TLR4 )'H('6'D#$"&)2 H(*)'"#*.".*"4 
.")%'1?%*; <"1%'6-$#$H&"('6, 6 &'4 -*)1" MyD88, TIRAP * IRAK. , (">B1?&$&" 
'<($>B"&)2 )*+.$1?.3A %'4H1"%), %'&'(3A '<")H"-*6$"& .*);'#2O"" ($)H(')&($.".*" 
)*+.$1$ H')("#)&6'4 %*.$>3 4*&'+".-$%&*6*('6$..'+' <"1%$ ($.+1. mitogen-activated 
protein, MAP) * %*.$>3 K')K$&*#*1*.'>*&'1$-3 ($.+1. phosphatidylinositol-3, PI3), $ &$%D" 
$%&*6$/** K$%&'($ &($.)%(*H/** NF-XB. 

F$ )1"#B:O"4 R&$H" H('*);'#*& &($.)%(*H/*2 H("#)&$6*&"1"A )"4"A)&6$ ($..*; 
H('6')H$1*&"1?.3; +".'6, &$%*; %$% *.&"(1"A%*.-1 ($.+1. interleukin-1, IL-1) * K$%&'( 
."%('>$ 'HB;'1* ($.+1. tumor necrosis factor, TNF), ) H')1"#B:O*4 *; 63)6'<'D#".*"4 *> 

S.#'&'%)*. 

N*.$>3 L9!: Erk, 
p38, %*.$>$ PI3 

C('6')H$1*&"1?.3" +".3: 
IL-1, TNF 

@$%&'( $%&*6$/** 
&('4<'/*&'6, 
'%)*# $>'&$, 
%'$+B12/*2 

07"4*2 &%$.*, ."%('> %1"&'%, 
$H'H&'> 
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%1"&%*. Q$&"4 IL-1 * TNF 6'>#"A)&6B:& .$ %1"&%*-4*7".* H')("#)&6'4 )'<)&6"..3; 
)H"/*K*-")%*; ("/"H&'('6, * H('6'/*(B:& #$1?."A7*A '&6"& )' )&'('.3 %1"&'% 
'(+$.*>4$ ;'>2*.$. S&'& '&6"& 'H("#"12"& H('261".*2 )"H)*)$, .$H(*4"(, >$ )-"& 
$%&*6$/** %'$+B12/*'..'+' H('/"))$ 6 (">B1?&$&" B)*1"..'A R%)H("))** &%$."6'+' 
K$%&'($, *1* >$ )-"& *.#B/*('6$.*2 6$>'#*1$&$/** HB&"4 )&*4B12/** )*.&">$ '%)*#$ 
$>'&$ H(* %$&$1*>*(B:O"4 #"A)&6** )*.&$>3 '%)*#$ $>'&$. 81'D.')&? '&%1*%$ 
H'#-"(%*6$"&)2 &"4 .$<1:#".*"4, -&' 6'>#"A)&6*" R.#'&'%)*.$ in vivo )'H('6'D#$"&)2 
$%&*6$/*"A *1* H'#$61".*"4 R%)H("))** <'1"" -"4 3700 +".'6 [24]. 
=*'1'+*-")%*" RKK"%&3 $%&*6$/** &'11-H'#'<.3; ("/"H&'('6 H'#&6"(D#$:&)2 
.$<1:#".*24*, )#"1$..34* 6 ;'#" %1*.*-")%*; *))1"#'6$.*A, )'+1$).' %'&'(34 
6')H$1*&"1?.3A '&6"& H(* )"H)*)" .")H"/*K*-". #12 &'A *1* *.'A *.K"%/**. N('4" &'+', 
'&6"& )' )&'('.3 '(+$.*>4$ ;'>2*.$ 4'D"& <3&? )H('6'/*('6$. R.#'+"..34* 1*+$.#$4* 
."4*%('<.'+' H('*);'D#".*2, %'&'(3" H(* H$&'1'+*-")%'4 )')&'2.** 63;'#2& >$ 
H("#"13 %1"&%*. I$%*4 '<($>'4, ("/"H&'( R.#'&'%)*.$ TLR4 &$%D" 4'D"& <3&? 
$%&*6*('6$. 2#"(.34 <"1%'4 HMGB1, 63)6'<'#*67*4)2 *> H'6("D#"..3; %1"&'%, *1* 
'%*)1"..34* K')K'1*H*#$4* %1"&'-.3; 4"4<($.. , #"A)&6*&"1?.')&*, B-*&36$2 
#1*&"1?.'" * &").'" 6>$*4'#"A)&6*" '(+$.*>4$ ;'>2*.$ * 4*%('<.'+' 4*($, 
($>+($.*-".*" H('6'/*(B:O*; K$%&'('6 *.K"%/*'..'A H(*('#3 4'D.' )-*&$&? 
.")%'1?%' H('*>6'1?.34. F$H(*4"(, 4*&';'.#(** <"(B& )6'" R6'1:/*'..'" .$-$1' '& 
H('&'<$%&"(*A, %'&'(3" H$($>*&*('6$1* 6 H(*4*&*6.3; '#.'%1"&'-.3; '(+$.*>4$; <'1"" 
4*11*$(#$ 1"& &'4B .$>$# [25]. I$%*4 '<($>'4, <31' H'1'D".' .$-$1' #*KK"("./*('6%" 
%1"&'% * R6'1:/*'.*('6$.*: 4.'+'%1"&'-.3; '(+$.*>4'6. , &' D" 6("42, 4*&';'.#(** 
)';($.*1* ."%'&'(3" ;$($%&"(.3" <*';*4*-")%*" )6'A)&6$ )6'*; #("6.*; 
H("#7")&6"..*%'6. L*&';'.#(*$1?.$2 PFN, <'+$&$2 CpG-4'&*6$4*, %'&'(3" &$%D" 
'<.$(BD*6$:&)2 6 PFN <$%&"(*A, )H')'<.$ $%&*6*('6$&? ."A&('K*13 HB&"4 
6>$*4'#"A)&6*2 ) TLR9 [26]. S&' "O" '#*. 4";$.*>4, <1$+'#$(2 %'&'('4B H'6("D#"..$2 
&%$.? 4'D"& H('6'/*('6$&? ("$%/*:, ."'&1*-*4B: '& &$%'6'A H(* <$%&"(*$1?.'A 
*.K"%/**. 
N$% .$ %1*.*-")%'4, &$% * .$ <*';*4*-")%'4 B('6." H(')1"D*6$:&)2 B)1'6.')&? * 
.")''&6"&)&6*" ($>+($.*-".*2 4"D#B *.K"%/*'..34* * ."*.K"%/*'..34* H(*-*.$4* 
)*)&"4.'+' 6')H$1*&"1?.'+' '&6"&$. C'H3&%* ("+B1*('6$&? ("$%/*: '(+$.*>4$ 
&"($H"6&*-")%*4 HB&"4 H(*.")1* ."B#'61"&6'(*&"1?.3" (">B1?&$&3, H')%'1?%B H'.2&*" ' 
)"H)*)" ." H'>6'12"& 'H("#"1*&? H'HB12/*: H$/*".&'6, 6 %'&'('A H('26*1*)? <3 
H("*4BO")&6$ &"($H**. F*-&' ." )6*#"&"1?)&6B"& '< R&'4 <'1"" 2(%', -"4 H'#;'#3 % 
1"-".*: )"H)*)$, ').'6$..3" .$ 'H("#"1".** $%&*6.')&* R.#'&'%)*.$. 

!"#$%$&'*" * '(0'*': 8 -() '$'%$*% '8+3@? 
8B#2 H' 6)"4B, R.#'&'%)*. H(*)B&)&6B"& 6 )*)&"4.'4 %('6'&'%" <'1?7*.)&6$ H$/*".&'6, 
B#'61"&6'(2:O*; %1$))*-")%*4 %1*.*-")%*4 %(*&"(*24 )"H)*)$ [27, 28], ;'&2 ."%'&'(3" 
B-".3" )-*&$:& *.$-" [29, 30]. I$%'" ($>.'+1$)*" ." &'1?%' '&-$)&* '&($D$"& ;'('7' 
*>6")&.3" '+($.*-".*2 $.$1*>$ <"1'%)'#"(D$O*; H('< .$ R.#'&'%)*., ').'6$..'+' .$ 
H(*4".".** 1*>$&$ $4"<'/*&'6 4"-";6')&$ ($.+1. Limulus amebocyte lysate assay), .' * 
B%$>36$"& .$ 6$D.3A %1*.*-")%*A K$%&: R.#'&'%)*. 'H("#"12"&)2 B ."%'&'(3;, .' ." B 
6)"; <'1?.3; )"H)*)'4, $ &$%D" B 4.'+*; <'1?.3; ')&('A D*>."B+('D$:O"A H$&'1'+*"A, 
%'&'($2 ." )''&6"&)&6B"& %(*&"(*24 )"H)*)$ ((*). 6). ='1"" &'+', H(*)B&)&6*" R.#'&'%)*.$ 
6 )*)&"4.'4 %('6'&'%" ." '<2>$&"1?.' )1BD*& #')&$&'-.34 ').'6$.*"4 #12 "+' B#$1".*2. 
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>*'. 6. ,>$*4')62>? 4"D#B )"H)*)'4 * R.#'&'%)"4*"A. M <'1?7*.)&6$ H$/*".&'6, 
B#'61"&6'(2:O*; %1*.*-")%*4 %(*&"(*24 )"H)*)$, 4'D.' '<.$(BD*&? H'637"..'" 
)'#"(D$.*" R.#'&'%)*.$ 6 %('6*. I"4 ." 4"."", H'637"..3A B('6".? R.#'&'%)*.$ &$%D" 
'H("#"12"&)2 B <'1?7'+' -*)1$ <'1?.3; ')&('A H$&'1'+*"A, %'&'(3" ." )''&6"&)&6B:& 
%(*&"(*24 )"H)*)$. 8B#2 H' 6)"4B, 6 H'HB12/** <'1?.3; ) R.#'&'%)"4*"A H'1'D*&"1?.3A 
RKK"%& &"($H**, .$H($61"..'A .$ B#$1".*" R.#'&'%)*.$, H('26*&)2 &'1?%' 6 H'#+(BHH", 
%'&'($2 #' )*; H'( ." B)&$.'61".$. 
 
S.#'&'%)"4*2 .$<1:#$"&)2 H(* ($>.''<($>.3; %1*.*-")%*; )')&'2.*2;, .$H(*4"(, B 
H$/*".&'6, %'&'(3" H"(".")1* 'H"($/*: R%)&($%'(H'($1?.'+' %('6''<($O".*2 [31], B 
<'1?.3; >$)&'A.'A )"(#"-.'A ."#')&$&'-.')&?: [32], ;('.*-")%'A H'-"-.'A 
."#')&$&'-.')&?: [33], /*(('>'4 [34], $ &$%D" B H$/*".&'6 ) ($>(36'4 $."6(*>43 
<(:7.'+' '&#"1$ $'(&3 [35]. I'+#$ %$% R.#'&'%)"4*2 2612"&)2 2(%*4 H('261".*"4 
)"H)*)$ B &2D"1'<'1?.3;, "" &$%D" 4'D.' #*$+.')&*('6$&? <'1"" -"4 B H'1'6*.3 6)"; 
H$/*".&'6 6 #".? +')H*&$1*>$/** 6 J0I, H(* &'4, -&' <'1?7*.)&6' &$%*; H$/*".&'6 ." 
)''&6"&)&6B:& %(*&"(*24 )"H)*)$ [28]. , #"A)&6*&"1?.')&*, R.#'&'%)"4*2 ($>6*6$"&)2 
#$D" H(* *.&".)*6.'A K*>*-")%'A .$+(B>%" [36], H(* &$<$%'%B(".** [37], $ &$%D" H')1" 
BH'&("<1".*2 H*O* ) 63)'%*4 )'#"(D$.*"4 D*($ [38]. S.#'&'%)"4*2 #')&$&'-.' 
($)H(')&($.".$ H(* K*>*'1'+*-")%*; )')&'2.*2;, %'&'(3" )'H('6'D#$:&)2 )&("))'4, 
H'R&'4B '.$ 4'D"& ($))4$&(*6$&?)2 %$% %'4H'.".& $#$H&*6.'A ("$%/**, $ ." &'1?%' %$% 
."D"1$&"1?.3A 6."7.*A H'6("D#$:O*A K$%&'(. 

W)1* R.#'&'%)"4*2 *4""& *)%1:-*&"1?.' H$&'1'+*-")%*A ;$($%&"(, 4'D.' 'D*#$&? 
6')H('*>6'#*4'+' H'1'D*&"1?.'+' RKK"%&$ $.&*R.#'&'%)*.'6'A &"($H**, H(* B)1'6**, 
-&' R&$ &"($H*2 *)H'1?>B"&)2 H(* H$&'1'+*-")%'4 H('/"))", &$%'4 %$% )"H)*), %'+#$ 
R.#'&'%)"4*2 6")?4$ 6"('2&.$. !$..*" *))1"#'6$.*2 H'#&6"(#*1* R&B +*H'&">B. 
F$H(*4"(, Ziegler * )'$6&. [39] H'%$>$1*, -&' ."A&($1*>$/*2 R.#'&'%)*.$ H(* H'4'O* 
$.&*)36'('&%* H(*6'#*& % B6"1*-".*: H'%$>$&"1"A 63D*6$"4')&* <'1?.3; ) 
+($4'&(*/$&"1?.'A *.K"%/*"A, $ ')'<"..' H$/*".&'6 ) 7'%'4. C' #$..34 
4.'+'/".&('6'+' *))1"#'6$.*2, 63H'1."..'+' 6 H'HB12/** *> 543 H$/*".&'6 [40], 
4'.'%1'.$1?.3" $.&*&"1$ % R.#'&'%)*.B 4B&$.&.'+' 7&$44$ Escherichia coli &$%D" 
;$($%&"(*>'6$1*)? H'1'D*&"1?.34 61*2.*"4, ;'&2 6 H')1"#B:O"4, <'1"" %(BH.'4 
*))1"#'6$.** [41] R&'& RKK"%& 6')H('*>6")&* ." B#$1')?. J<Y"#*."..3" #$..3", 
>$("+*)&(*('6$..3" 6 ;'#" 4.'+'-*)1"..3; ."<'1?7*; *))1"#'6$.*A, 63H'1."..3; 6 
+"&"('+"..'A H'HB12/** H$/*".&'6 [42], $ &$%D" (">B1?&$&3 *))1"#'6$.*2, %'&'('" 
H('6'#*1')? 6 H'HB12/** <'1?.3; ) &2D"1'A $<#'4*.$1?.'A *.K"%/*"A [43], 
)6*#"&"1?)&6B:& '< RKK"%&*6.')&* 4"&'#*%* R%)&($%'(H'($1?.'+' B#$1".*2 R.#'&'%)*.$ 
H(* H'4'O* %'1'.'% ) H'1*4*%)*.'4 ,. 

I"4 ." 4"."", )BO")&6B:& )6"#".*2 ' &'4, -&' B)&($.".*" R.#'&'%)"4** ." 6)"+#$ 
'%$>36$"& H'1'D*&"1?.'" 61*2.*". J&)B&)&6*" RKK"%&*6.')&* ($>.''<($>.3; )H')'<'6 

?1E*("%7, 6 
&$%$:7I 8$3)$D"$ 
0$4$D*%(4@"$( 

84*+"*( 
1"%*,"#$%$&'* 
"$8$. %(:10** 

8"H)*) 

S.#'&'%)"4*2 
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."A&($1*>$/** R.#'&'%)*.'6, %'&'(3" <31* *>B-".3 6 ($4%$; .")%'1?%*; ."#$6.*; 
*))1"#'6$.*A, 63H'1."..3; 6 H'HB12/** <'1?.3; )"H)*)'4 [44, 45], 4'D.' '<Y2).*&? 
."#')&$&%$4* 64"7$&"1?)&6$, *)H'1?>'6$.*"4 )B<'H&*4$1?.3; #'>, $ &$%D" .*>%'A 
($)H(')&($."..')&?: R.#'&'%)"4** 6 /"1"6'A H'HB12/**. N('4" &'+', (">B1?&$&3 R&*; 
*))1"#'6$.*A 4'+B& +'6'(*&? ' &'4, -&' 6 ."%'&'(3; )1B-$2; R.#'&'%)"4*2 .')*& 
$#$H&*6.3A ;$($%&"( * '%$>36$"& <1$+'&6'(.'" 61*2.*" .$ )')&'2.*" <'1?.3; ) 
D*>."B+('D$:O"A *.K"%/*"A. N H(*4"(B, *))1"#'6$.*2, 63H'1."..3" ) B-$)&*"4 
1$<'($&'(.3; D*6'&.3;, H'%$>$1*, -&' H(* +"."&*-")%* #"&"(4*.*('6$..'4 '&)B&)&6** 
)H')'<.')&* ("$+*('6$&? .$ H(*)B&)&6*" R.#'&'%)*.$ .$<1:#$:&)2 .$(B7".*2 '<O"A 
("$%/** '(+$.*>4$ .$ *.K"%/*:, 63>6$..B: +(*<$4* ('#$ Candida [46], $ #12 H$/*".&'6 
) H'1*4'(K*>4'4 +".$ TLR4 ;$($%&"(.$ H'637"..$2 6')H(**4-*6')&? % R&'4B 
6'><B#*&"1: [47]. 0.&"(").', -&' ."A&($1*>$/*2 R.#'&'%)*.$ H(* H'4'O* 
4'.'%1'.$1?.3; $.&*&"1 ;$($%&"(*>'6$1$)? H'637"..34 (*)%'4 )4"(&* <'1?.3; ) 
+($4H'1'D*&"1?.'A *.K"%/*"A [41]. 
C'637"..'" )'#"(D$.*" R.#'&'%)*.$ 6 %('6* 4'D"& H')1BD*&? H(*-*.'A ($>6*&*2 
)*.#('4$, '&6"&)&6"..'+' >$ <'1?7*.)&6' %1*.*-")%*; H('261".*A )"H)*)$ [48], $ H(* 
'#.'4'4".&.'4 4$))*6.'4 H')&BH1".** R.#'&'%)*.$ 6 %('6'&'% 6'>4'D.' K'(4*('6$.*" 
'(+$..'A #*)KB.%/** [49]. I"4 ." 4"."", )H"/*K*-")%'A /"1?: &"($H"6&*-")%'+' 
64"7$&"1?)&6$ 2612"&)2 )%'("" R.#'&'%)"4*2, $ ." )"H)*), * 6 .$)&'2O"" 6("42 6)" "O" ." 
'H("#"1".$ &$ H'HB12/*2 H$/*".&'6 ) R.#'&'%)"4*"A, .$ %'&'(B: &"($H"6&*-")%'" 
64"7$&"1?)&6' 4'D"& '%$>$&? <1$+'&6'(.'" #"A)&6*". 

J78$#7 
C'637"..3A B('6".? R.#'&'%)*.$ <$%&"(*$1?.3; %1"&'% 6 %('6* 2612"&)2 6$D.34 
%'4H'.".&'4 )"H)*)$, %'&'(3A 6"('2&.' )62>$. ) H$&'+".">'4, 'H("#"12:O*4 
'%'.-$&"1?.B: >$<'1"6$"4')&?. I"4 ." 4"."", ) &'-%* >(".*2 &"($H"6&*-")%'A 
H"()H"%&*63, ."A&($1*>$/*2 R.#'&'%)*.$ 4'D"& '%$>36$&? H'1'D*&"1?.'" 61*2.*" 
&'1?%' H(* 1"-".** H$/*".&'6 ) -(">4"(.'A R.#'&'%)"4*"A. F$7$ >$#$-$ )')&'*& 6 &'4, 
-&'<3 *>4".*&? .$H($61".*" )6'"A .$B-.'A #"2&"1?.')&* .$ *>B-".*" 
$.&*R.#'&'%)*.'6'A &"($H** 6 H'HB12/** <'1?.3; ) R.#'&'%)"4*"A, $ ." 6 H'HB12/** 
H$/*".&'6 ) ."#')&$&'-.' 'H("#"1"..34 )*.#('4'4 )"H)*)$. N('4" &'+', .BD.' 
'H("#"1*&?, #12 %$%*; H("#)&$6*&"1"A /"1"6'A H'HB12/** ."A&($1*>$/*2 R.#'&'%)*.$ 
<B#"& H'1">.$, $ #12 %$%*;, .$H('&*6, 'H$).$. 
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!"#$%$&'*"7 * #:62*( 91&%$:7, 0:$8$E*:6;F*( 
:138*%*( '(0'*'1 
8&*6". L. JBHR1 
J&#"1".*" *.K"%/*'..3; <'1">."A, L"4'(*$1?.$2 <'1?.*/$ 7&$&$ !'#-9A1".#, +. C'&$%"&, 7&$& !'#-
9A1".#, 859 
 

>(9(:1% 
S.#'&'%)*., *1*, ")1* *)H'1?>'6$&? <'1"" &'-.3A &"(4*., <$%&"(*$1?.3A 
1*H'H'1*)$;$(*# (EC8), )-*&$"&)2 )$434 4'O.34 4"#*$&'('4 4*%('<.'+' 
H('*);'D#".*2, B-$)&6B:O*4 6 H$&'+".">" )"H)*)$ * )"H&*-")%'+' 7'%$. F")4'&(2 .$ &', 
-&' R&'& K$%&'( <31 '&%(3& <'1"" )&$ 1"& &'4B .$>$#, ').'6.$2 ('1? R.#'&'%)*.$, 
H(*)B&)&6B:O"+' 6 )*)&"4.'4 %('6'&'%" <'1?7*.)&6$ H$/*".&'6 ) )"H&*-")%*4 7'%'4, 
#' )*; H'( ." B)&$.'61".$ * 2612"&)2 H("#4"&'4 63($D"..'A H'1"4*%*. EC8 - R&' 
.$*<'1"" )BO")&6"..$2 ")*+.$1?.$2 4'1"%B1$", %'&'($2 6')H(*.*4$"&)2 )*)&"4'A 
($.."+' H("#BH("D#".*2 ")&")&6"..'+' *44B.*&"&$ ;'>2*.$, %$% H("#6")&.*% 6."#(".*2 
+($4'&(*/$&"1?.3; 4*%(''(+$.*>4'6 6' 6.B&("..:: )("#B '(+$.*>4$. F"<'1?7*" #'>3 
EC8 6 '+($.*-"..'4 &%$."6'4 H(')&($.)&6" H'4'+$:& '(+$.*>4B ;'>2*.$ '(+$.*>'6$&? 
RKK"%&*6.B: H('&*6'4*%('<.B: >$O*&B * B#$1".*" 6'><B#*&"1"A 6' 6."7.:: )("#B. , 
&' D" 6("42, 6.">$H.'" 63)6'<'D#".*" <'1?7'+' %'1*-")&6$ EC8, .$H('&*6, '<1$#$"& 
H$+B<.34 61*2.*"4 .$ '(+$.*>4 ;'>2*.$, H')%'1?%B 6 &$%'4 )1B-$" >$HB)%$"&)2 
."BH($612"43A * B+('D$:O*A D*>.* '(+$.*>4$ 63<(') 4.'+'-*)1"..3; 4"#*$&'('6 
6')H$1".*2 * H('%'$+B12.&'6 6 )*)&"4.3A %('6'&'%. ,3($D"..'A ("$%/** ;'>2*.$ .$ R&B 
4'1"%B1B, ($)H'>.$:OB: 6."#(".*" <$%&"(*A 6' 6.B&("..:: )("#B '(+$.*>4$, 
#')&$&'-.' #12 &'+', -&'<3 63>6$&? #*KKB>.'" H'6("D#".*" R.#'&"1*2, +*H'H"(KB>*: 
&%$."A, #*))"4*.*('6$..'" 6.B&(*)')B#*)&'" )6"(&36$.*" * ("K($%&"(.3A 7'%. 
L.'+'-*)1"..3" H'H3&%* <1'%*('6$&? $%&*6.')&? R.#'&'%)*.$, H("#H(*.2&3" 6 ($4%$; 
%1*.*-")%*; *))1"#'6$.*A, 63H'1."..3; 6 H'HB12/** <'1?.3; )"H)*)'4, 
;$($%&"(*>B:&)2 H('&*6'("-*634* *, +1$6.34 '<($>'4, '&(*/$&"1?.34* (">B1?&$&$4*. 
I"4 ." 4"."", 6 &"-".*" H("#7")&6B:O"+' #")2&*1"&*2 <31* )#"1$.3 >.$-*&"1?.3" 
'&%(3&*2 6 '<1$)&* 4'1"%B12(.3; ').'6 EC8-'H')("#'6$..'A %1"&'-.'A $%&*6$/** * 
&%$."6'+' H'6("D#".*2, %'&'(3" 6'>('#*1* 'H&*4*>4, )62>$..3A ) 6'>4'D.34 B)H";'4 
H(*4".".*2 &"($H** .'6'+' H'%'1".*2, .$H($61"..'A .$ )H"/*K*-")%'" <1'%*('6$.*" 
)*+.$1?.'A )*)&"43 EC8. , .$)&'2O"" 6("42 )-*&$"&)2, -&' #(B+*" 4"#*$&'(3 
4*%('<.'+' H('*);'D#".*2, %'&'(3" 6;'#2& 6 )&(B%&B(B +($4H'1'D*&"1?.3; <$%&"(*A, 
6*(B)'6 * +(*<'6, &$%D" )H')'<.3 $%&*6*('6$&? 4.'+'-*)1"..3" )*)&"43 >$O*&3 
'(+$.*>4$ ;'>2*.$, .$ %'&'(3" 6'>#"A)&6B"& EC8. S&* )6"#".*2 '&%(36$:& #12 .$) .'63" 
HB&* )'6"(7".)&6'6$.*2 4"&'#'6 1"-".*2 <'1?.3; )"H)*)'4. 

96&'()%*" H($6$ © (2010 +'#) H(*.$#1"D$& S. Karger AG, +. =$>"1? 

 
8"H)*) * H'1*'(+$..$2 ."#')&$&'-.')&?, %'&'(3" -$)&' ')1'D.2:& &"-".*" &2D"13; 
*.K"%/*'..3; >$<'1"6$.*A, ')&$:&)2 ').'6.'A H(*-*.'A )4"(&* <'1?.3; 6 '&#"1".*2; 
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*.&".)*6.'A &"($H** (J0I) [1]. C'#)-*&$.', -&' "D"+'#.' 6 8'"#*."..3; 5&$&$; 
)"H)*)'4 >$<'1"6$:& H(*<1*>*&"1?.' 650000-750000 -"1'6"%. 9.$1'+*-.3" H'%$>$&"1* 
($)H(')&($."..')&* )"H)*)$ ("+*)&(*(B:&)2 6 W6('H" * 6' 6)"; )&($.$; 4*($ [2]. 
C(*<1*>*&"1?.' B H'1'6*.3 &$%*; <'1?.3; )"H)*) H(*'<("&$"& &2D"1'" &"-".*" * 
')1'D.2"&)2 )"H&*-")%*4 7'%'4. 84"(&.')&?, )62>$..$2 ) )"H&*-")%*4 7'%'4, 
B#"(D*6$"&)2 .$ B('6." 30-45%, .")4'&(2 .$ H('+(")) 6 '<1$)&* H'##"(D*6$:O"A 
&"($H** * 4.'+'-*)1"..3" H'H3&%* B1B-7*&? *);'# >$<'1"6$.*2 [1-3]. 

Q$ H')1"#.*" 25 1"& 4*%('<*'1'+*-")%$2 ;$($%&"(*)&*%$ )"H)*)$ )BO")&6"..' 
*>4".*1$)?. , 1970-; ++. ').'6.34* <$%&"(*$1?.34* 6'><B#*&"124* <31* %*7"-.3" 
+($4'&(*/$&"1?.3" H$1'-%'6*#.3" <$%&"(** * )*."+.'A.$2 H$1'-%$. N %'./B 1980-; ++. 
.$<1:#$1)2 H"(";'# H("*4BO")&6"..' % +($4H'1'D*&"1?.'A <$%&"(*$1?.'A K1'(" [3]. 
=3)&('" ($)H(')&($.".*", H(*'<("&".*" +".'6, 'H("#"12:O*; (">*)&".&.')&? % 
$.&*<$%&"(*$1?.34 H("H$($&$4, $ &$%D" )H')'<.')&? +($4H'1'D*&"1?.3; <$%&"(*A % 
$#+">** * )BO")&6'6$.*: .$ H'6"(;.')&* 6.B&(*)')B#*)&3; %$&"&"('6 * #(B+*; 
*4H1$.&*(B"43; 4"#*/*.)%*; B)&('A)&6 )H')'<)&6B:& B6"1*-".*: ($)H(')&($."..')&* 
)"H)*)$, 63>6$..'+' +($4H'1'D*&"1?.34* 4*%(''(+$.*>4$4*. N('4" &'+', 6)" -$O" 
H(*-*.'A )"H)*)$ )&$.'62&)2 B)1'6.'-H$&'+"..3" +(*<3 [3]. 

C(*4"-$&"1?.', -&' H' #$..34 H')1"#.*; *))1"#'6$.*A 6 .$)&'2O"" 6("42 .$<1:#$"&)2 
&".#"./*2 % 6'))&$.'61".*: H'>*/** +($4'&(*/$&"1?.3; <$%&"(*A %$% .$*<'1"" 
($)H(')&($."..3; 6'><B#*&"1"A *.K"%/*'..'A H$&'1'+** 6 J0I [4]. 
!"#$%$&'*", )(#*1%$:7 )*&:$H"$2$ 0:$*'I$D#("*+ * :1'0$3"181"*( '(0%*-('&$2$ 
0:$E(''1 
, ($4%$; ."#$6."A %$4H$.** H' <'(?<" ) )"H)*)'4 ($.+1. surviving sepsis campaign) <31* 
'<.'61".3 )'+1$)'6$..3" ($<'-*" 'H("#"1".*2 &$%*; %1*.*-")%*; &"(4*.'6, %$% )"H)*), 
)"H&*-")%*A 7'%, )*.#('4 )*)&"4.'+' 6')H$1*&"1?.'+' '&6"&$ * )*.#('4 H'1*'(+$..'A 
."#')&$&'-.')&* [2]. C(* K'(4B1*('6%" R&*; 'H("#"1".*A <31* B-&".3 4.'+'-*)1"..3" 
6'><B#*&"1* *.K"%/*'..'A H$&'1'+** * 4"#*$&'(3 4*%('<.'+' H('*);'D#".*2, 
B-$)&6B:O*" 6 H$&'+".">" )"H)*)$. 0)&*..$2 *.K"%/*2 %('6'&'%$, 63>6$..$2 R&*4* 
6'><B#*&"124*, H'#&6"(D#$"&)2 .$ 4'4".& #*$+.')&*('6$.*2 )"H)*)$ %1*.*-")%*4 
6($-'4 &'1?%' B &("&* H$/*".&'6, &'+#$ %$% H(*>.$%* +"."($1*>'6$..'+' 6')H$1".*2 * 
H('%'$+B12.&.'A $%&*6.')&* H(*)B&)&6B:& H'-&* 6' 6)"; )1B-$2;. M -"1'6"%$ )*)&"4.3A 
6')H$1*&"1?.3A '&6"& H(* )"H)*)" H"(6'.$-$1?.' >$HB)%$"&)2 63)'%'>$O*O"..34* 
4*%('<.34* 4$%('4'1"%B1$4*, %'&'(3" '<1$#$:& H'6"(;.')&.34* )6'A)&6$4*, 
.";$($%&"(.34* #12 &%$."A -"1'6"-")%'+' '(+$.*>4$. F$*<'1"" 4'O.'A *> 6)"; 4'1"%B1, 
'H("#"12:O*; $.&*+"..3" )6'A)&6$ 6'><B#*&"12 ($.+1. pathogen-associated molecular 
pattern, PAMP), 2612"&)2 <$%&"(*$1?.3A 1*H'H'1*)$;$(*# (EC8), &$%D" *>6")&.3A %$% 
R.#'&'%)*.. ='1?7'" %'1*-")&6' #(B+*; PAMP-4'1"%B1 6;'#*& 6 )&(B%&B(B 
+($4H'1'D*&"1?.3; <$%&"(*A, +(*<'6, H$($>*&'6 * 6*(B)'6. S&* 4'1"%B13 63)&BH$:& 6 
('1* 1*+$.#'6 #12 $.&*+".($)H'>.$:O*; ("/"H&'('6 RKK"%&'(.3; %1"&'% *44B..'A 
)*)&"43, %'&'(3" .')2& .$>6$.*" &'11-H'#'<.3; ("/"H&'('6 ($.+1. Toll-like receptor, TLR) 
[5, 6]. U$($%&"(*)&*%$ ').'6.3; 4"#*$&'('6 )"H)*)$ * )''&6"&)&6B:O*; &'11-H'#'<.3; 
("/"H&'('6 H("#)&$61".$ 6 &$<1*/" 1. 
<1H4*E1 1. PAMP-4'1"%B13, DAMP-4'1"%B13 ($.+1. damage-associated molecular pattern, 
DAMP; 4'1"%B13 'H("#"12:O*" ("$%/*: '(+$.*>4$ .$ H'6("D#".*") * )''&6"&)&6B:O*" 
("/"H&'(3 -"1'6"-")%'+' '(+$.*>4$. 

 ?:$*'I$D#("*( TLR 
<")9,.1"*7%&, PAMP-=/*,)#*& 
EC8-MD2 T($4'&(*/$&"1?.3" <$%&"(** TLR4 
E*H'&"A;'"6$2 %*)1'&$ T($4H'1'D*&"1?.3" <$%&"(** TLR2a 
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C"H&*#'+1*%$. T($4H'1'D*&"1?.3" *1* 
+($4'&(*/$&"1?.3" <$%&"(** 

TLR2 

I(*$/*1-1*H'H"H&*#3 T($4H'1'D*&"1?.3" *1* 
+($4'&(*/$&"1?.3" <$%&"(** 

TLR1/TLR2 

P*$/*1-1*H'H"H&*#3 Mycoplasma spp. TLR2/TLR6 
C'(*.3, F=L Neisseria spp. TLR2 
@1$+"112(.3A <"1'% C'#6*D.3" +($4H'1'D*&"1?.3" 

*1* +($4'&(*/$&"1?.3" <$%&"(** 
TLR5 

CpG PFN =$%&"(**, ."%'&'(3" PFN-
)'#"(D$O*" 6*(B)3 

TLR9 

>1.#6%&, PAMP-=/*,)#*& 
P6B;/"H'-"-.$2 !FN ,*(B)3, )'#"(D$O*" 

#6B;/"H'-"-.B: !FN 
TLR3 

J#.'/"H'-"-.$2 !FN ,*(B)3, )'#"(D$O*" 
'#.'/"H'-"-.B: !FN 

TLR7/8 

:.1?)/(&, PAMP-=/*,)#*& 
9.&*%'4H1"4".&$(.3A K$%&'( Saccharomyces cerevisiae TLR2/TLR6 
@')K'1*H'4$..$. Candida albicans TLR2 
L$..$. Candida albicans TLR4 
J-)62>$..3" ')&$&%* 4$..'>*1$ Candida albicans TLR4 
="&$-+1:%$.3 Candida albicans TLR2/#"%&*.-1 
DAMP-=/*,)#*& 
="1%* S100a J(+$.*>4 ;'>2*.$ RAGE 
="1%* &"H1'6'+' 7'%$ J(+$.*>4 ;'>2*.$ TLR4 
@*<(*.'+"., K*<('."%&*. J(+$.*>4 ;'>2*.$ TLR4 
T*$1B('.'6$2 %*)1'&$ J(+$.*>4 ;'>2*.$ TLR4 
=*+1*%$.3 J(+$.*>4 ;'>2*.$ TLR4 
HMGB1 J(+$.*>4 ;'>2*.$ TLR4, TLR2 
F=L - .$(BD.3A <"1'% 4"4<($.3; CpG - 4'&*6 /*&'>*.-K')K$&-+B$.*. ($.+1. cytosine-phosphate-guanine); 
RAGE - ("/"H&'( )1'D.3; %'."-.3; H('#B%&'6 +1*%'>*1*('6$.*2 ($.+1. receptor for advanced glycation end 
products); HMGB1 - <"1'% ) 63)'%'A R1"%&('K'("&*-")%'A H'#6*D.')&?: 1 &*H$ ($.+1. high mobility group 
box-1). 
$ C(* *#".&*K*%$/** 1*H'&"A;'"6'A %*)1'&3 ."%'&'(3; 6'><B#*&"1"A TLR6 63)&BH$"& 6 ('1* %'("/"H&'($ 
TLR2. 

 
8"4"A)&6' TLR 2612"&)2 .$*<'1"" 6$D.34, .' ." "#*.)&6"..34 ("/"H&'(.34 
%'4H1"%)'4 6.B&(".."A *44B..'A )*)&"43 -"1'6"%$, %'&'(3A )H')'<". ($)H'>.$6$&? 
PAMP-4'1"%B13. TLR H("#)&$612:& )'<'A &($.)4"4<($..3" ("/"H&'(3 1 &*H$, -?2 
KB.%/*2 )')&'*& 6 ($)H'>.$6$.** EC8 * 4.'+*; #(B+*; 4"#*$&'('6 4*%('<.'+' 
H('*);'D#".*2, &$%*; %$% H"H&*#'+1*%$., 1*H'H"H&*#3, K1$+"112(.3" <"1%*, 4*%('<.3" 
.B%1"*.'63" %*)1'&3, 4.'D")&6"..3" %'4H'.".&3 %1"&'-.'A )&".%* +(*<'6, 6*(B).3" 
<"1%* * 1*H'&"A;'"6$2 %*)1'&$. F$ )"+'#.27.*A #".? $.$1*> +".'4$ -"1'6"%$ H'>6'1*1 
*#".&*K*/*('6$&? #")2&? TLR [5]. 

A*&:$H"1+ 8*:64("%"$'%@ * 8$3H6#*%(4* '(0'*'1 
,$D.' H'.*4$&?, -&' B <'1?7*.)&6$ 4*%(''(+$.*>4'6 '&)B&)&6B:& )H')'<.')&*, 
."'<;'#*43" #12 RKK"%&*6.'+' 6."#(".*2 6' 6.B&("..:: )("#B -"1'6"-")%'+' 
'(+$.*>4$. , <'1?7*.)&6" )1B-$"6, 6)&("-$ 4*%(''(+$.*>4$ ) *44B..'A )*)&"4'A 
-"1'6"%$ >$%$.-*6$"&)2 <3)&(34 B.*-&'D".*"4 * 636"#".*"4 4*%('<$ *> '(+$.*>4$. Q$ 
R&' '&6"-$"& .$7 6('D#"..3A * H(*'<("&"..3A *44B.*&"&. E*7? ."<'1?7'" -*)1' 
*><($..3; 6'><B#*&"1"A .$#"1".' 63)'%''(+$.*>'6$..'A * )1'D.'A 6*(B1".&.'A 
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)*)&"4'A, %'&'($2 )1BD*& #12 B%1'.".*2 '& >$O*&.'A )*)&"43 '(+$.*>4$, 6."#(".*2 6 
&%$.* * '<.$(BD".*2 )&("))'63; )*+.$1'6. N('4" &'+', ."%'&'(3" H$&'+"..3" 
4*%(''(+$.*>43 '<1$#$:& )H"/*K*-")%*4* H(*)H')'<1".*24*, #')&$612:O*4* &'%)*.3 
6 %1"&%*-4*7".* [7, 8]. I$%*" 6'><B#*&"1* '<1$#$:& )H')'<.')&?: % %'4H'.'6%" * 
'<4".B 6$D.'A +"."&*-")%'A *.K'(4$/*"A (.$H(*4"(, +".3 $.&*<*'&*%'(">*)&".&.')&*, 
+".3 6*(B1".&.')&*, ')&('6%* H$&'+"..')&*, +".3 ("H$($/** * +".3 %'.&('12 4B&$/*A). 
8"&? +".'6 6*(B1".&.')&*, &$%D" *>6")&.$2 %$% "virulome", )'+1$)'6$..' #"A)&6B"&, 
H('6'/*(B2 ($>6*&*" >$<'1"6$.*2, H(* B)1'6**, -&' '.$ ')&$"&)2 ."($)H'>.$..'A 
>$O*&.'A )*)&"4'A '(+$.*>4$ ;'>2*.$ [8]. 

>$4@ H1&%(:*14@"$2$ ,"#$%$&'*"1 
=$%&"(*$1?.3A EC8 - R&' ."'&Y"41"43A %'4H'.".& .$(BD.'A 4"4<($.3 
+($4'&(*/$&"1?.3; <$%&"(*A, %'&'(3A ."'<;'#*4 #12 H'##"(D$.*2 D*>.")H')'<.')&* 
4*%(''(+$.*>4'6 %*7"-.'A +(BHH3. EC8 )')&$612"& '(*".&*('6'-.' 75% 6."7."A 
4"4<($.3 %*7"-.3; <$%&"(*A. N1"&'-.$2 )&".%$ %$D#'A <$%&"(** )'#"(D*& #' 4 
4*11*'.'6 4'1"%B1 EC8 [8]. J )H"/*K*-")%'A $%&*6.')&* R.#'&'%)*.$ )6*#"&"1?)&6B"& 
;$($%&"(*)&*%$ ."#$6.' *#".&*K*/*('6$..'+' 7&$44$ Neisseria meningitidis, %'&'(3A 
1*7". R.#'&'%)*.$. C' )6'"A )H')'<.')&* *.#B/*('6$&? 63($<'&%B /*&'%*.'6 R&'& 
7&$44 H(*<1*>*&"1?.' 6 100 ($> B)&BH$"& 7&$44$4 #*%'+' &*H$ [9]. EC8 63)&BH$"& 6 
('1* )*+.$1?.'A 4'1"%B13, )6'"6("4"..' H("#BH("D#$:O"A ;'>2*.$ ' 6'>4'D.')&* 
6."#(".*2 +($4'&(*/$&"1?.3; <$%&"(*A 6' 6.B&("..:: )("#B '(+$.*>4$ [10]. 
,3)6'<'D#".*" EC8 6 )*)&"4.3A %('6'&'% H('6'/*(B"& ($>6*&*" 4'O.'+' )*)&"4.'+' 
6')H$1*&"1?.'+' '&6"&$. C'&"./*$1?.' )4"(&"1?.3" H')1"#)&6*2 63)6'<'D#".*2 EC8 
'<B)1'61".3 ("$%/*"A '(+$.*>4$ ;'>2*.$ .$ EC8, $ ." 6.B&("..*4* )6'A)&6$4* )$4'+' 
R.#'&'%)*.$. 8($6.*&"1?.3A $.$1*> H'%$>$1, -&' 1:#*, 7*4H$.>" * 1'7$#* ')'<"..' 
6')H(**4-*63 % *44B.')&*4B1*(B:O"4B #"A)&6*: EC8, &'+#$ %$% 437* * %(3)3 
)($6.*&"1?.' (">*)&".&.3 % EC8-'H')("#'6$..34 &'%)*-")%*4 RKK"%&$4. 
EC8 - R&' <*K')K'(*1*('6$..$2 H'12(.$2 4$%('4'1"%B1$, %'&'($2 '<3-.' )'#"(D*& &(* 
($>1*-.3; %'4H'.".&$: (1) 63)'%'>$O*O"..$2 +*#('K'<.$2 H')1"#'6$&"1?.')&? D*(.3; 
%*)1'& 6 )')&$6" 1*H*#$ 9; (2) 4"."" >$O*O"..3A /".&($1?.3A +1*%'1*H*#, )'#"(D$O*A 
.")%'1?%' K($+4".&'6 +"H&'>3 * +"%)'>3; $ &$%D" (3) +*#('K*1?.3" R1"4".&3, 
($)H'1'D"..3" .$ H'1*)$;$(*#.'A ').'6", * .$H($61"..3" % )&(B%&B($4 .$(BD.'A 
H'6"(;.')&* [11]. , 6'#.'A )("#" EC8 )H'.&$..' '<($>B"& 4*%('$+("+$&3 (4*.*-
4*/"113). T*#('K'<.3" 1*H*#.3" R1"4".&3 ($)H'1$+$:&)2 6 /".&(" &$%*; 4*/"11, $ 
+*#('K*1?.3" H'1*)$;$(*#.3" %'4H'.".&3 - .$ *; H'6"(;.')&*. , <*'1'+*-")%*; 
D*#%')&2;, &$%*; %$% H1$>4$, EC8 <3)&(' 6)&BH$"& 6' 6>$*4'#"A)&6*" ) ($>.''<($>.34* 
)36'('&'-.34* *1* 4"4<($..34* 1*H'K*1?.34* <"1%$4*. , )6'<'#.'4 )')&'2.** 6 
H1$>4" .$;'#*&)2 1*7? '-".? ."<'1?7'" %'1*-")&6' EC8, H')%'1?%B H'-&* 6)" 4'1"%B13 
EC8 <3)&(' )'"#*.2:&)2 ) <"1%$4* * 1*H'H('&"*.$4* /*(%B1*(B:O"A %('6*. F$ 
)"+'#.27.*A #".? 6 %1"&%$; -"1'6"-")%'+' '(+$.*>4$ *#".&*K*/*('6$.3 &(* ("/"H&'($ % 
EC8: (1) ($)&6'(*43" *1* 4"4<($..3" 4'1"%B13 CD14-MD2-TLR4; (2) 4'1"%B13 
CD11/CD18 (Z2-*.&"+(*.3); * (3) K$+'/*&$(.3" ("/"H&'(3, $%&*6.3" 6 '&.'7".** 
1*H*#.3; 4'1"%B1. !$)&6'(*43" * 4"4<($..3" 4'1"%B13 CD14 6 >.$-*&"1?.'A 4"(" 
H'&"./*(B:& ("$%/*: '(+$.*>4$ ;'>2*.$ .$ ."<'1?7'" %'1*-")&6' EC8 *1* #(B+*; 
4"#*$&'('6 4*%('<.'+' H('*);'D#".*2 [11]. 
!$)H(')&($.".*: EC8 6 H1$>4" %('6* -"1'6"%$ * #(B+*; D*#%*; )("#$; -"1'6"-")%'+' 
'(+$.*>4$ 6 >.$-*&"1?.'A 4"(" )H')'<)&6B"& '<($>'6$..3A 6 H"-".*, ')&('K$>'63A <"1'% 
H1$>43, *>6")&.3A %$% EC8-)62>36$:O*A <"1'% ($.+1. LPS-binding protein, LBP). LBP 
H("#)&$612"& )'<'A 4'1"%B1B-H"(".')-*%, %'&'($2 >$;6$&36$"& H'1*4"(.3" $+("+$&3 
EC8 * H"(".')*& 4'.'4"(3 EC8 .$ CD14. LBP %'.%B(*(B"& ) #(B+'A EC8-)62>36$:O"A 
4'1"%B1'A, *)&'-.*%'4 %'&'('A 2612:&)2 ."A&('K*13. S&$ 4'1"%B1$ .$>36$"&)2 
<$%&"(*/*#.34 <"1%'4, H'637$:O*4 H('.*/$"4')&? ($.+1. bactericidal/permeability-
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increasing protein, BPI). F")4'&(2 .$ &', -&' 45% H"(6*-.'A $4*.'%*)1'&.'A 
H')1"#'6$&"1?.')&* BPI $.$1'+*-.3 &$%'634 LBP, BPI '<1$#$"& )H"/*K*-")%*4 
$.&$+'.*>4'4 H' '&.'7".*: % $%&*6.')&* LBP, )62>$..'A ) H("#)&$61".*"4 EC8. LBP 
'<")H"-*6$"& &($.)H'(& EC8 % RKK"%&'(.34 *44B.'%'4H"&".&.34 %1"&%$4, &'+#$ %$% 
BPI H'#$612"& H"(".') EC8 .$ CD14. J&.')*&"1?.$2 %'./".&($/*2 R&*; #6B; EC8-
)62>36$:O*; <"1%'6 'H("#"12"& )B44$(.3A RKK"%& 63)6'<'D#".*2 EC8 [12]. 
CD14 H("#)&$612"& )'<'A +1*%'>*1-K')K$&*#*1*.'>*&'1-)62>$..3A <"1'%, %'&'(3A 
'<.$(BD*6$"&)2 H("*4BO")&6"..' .$ H'6"(;.')&* 4*"1'*#.3; %1"&'%. S&'& <"1'% 1*7". 
&($.)4"4<($..'+' * 6.B&(*%1"&'-.'+' #'4".$, H'R&'4B '. .")H')'<". H"("#$6$&? 
1*H'H'1*)$;$(*#.3A )*+.$1 -"("> %1"&'-.3" 4"4<($.3 ) /"1?: $%&*6$/** %1"&'%-
4*7"."A. C')1" )&3%'6%* ) 4"4<($..34 ("/"H&'('4 CD14, EC8 )'"#*.2"&)2 ) ').'6.34 
6."%1"&'-.34 <"1%'4-$#$H&"('4, %'&'(3A .$>36$:& K$%&'('4 4*"1'*#.'A 
#*KK"("./*('6%* 2 &*H$ ($.+1. myeloid differentiation factor-2, MD2) [10, 13]. =1$+'#$(2 
($<'&" Park * )'$6&. [14], %'&'(3" B)H"7.' 63H'1.*1* %(*)&$11*>$/*: * 'H("#"1*1* 
1'%$1*>$/*: $&'4'6 6 )&(B%&B(" EC8-MD2 * TLR4, 6 .$)&'2O"" 6("42 #')&'6"(.' 
*>6")&.3 4'1"%B12(.3" ')'<"..')&* )62>36$.*2 EC8 ) +*#('K'<.34 K($+4".&'4 MD2 
.$ B1?&($)&(B%&B(.'4 B('6.". T"%)$-$/*1*('6$..3A 1*H*# 9 ) 12 *1* 14 &'-.' 
'(*".&*('6$..34* B+1"('#-)62>$..34* D*(.34* %*)1'&$4* H('-.' )'"#*.2"&)2 ) 
<"1%'4 MD2. 8&(B%&B(3 EC8, %'&'(3" '<3-.' ;$($%&"(*>B:&)2 .$1*-*"4 
#1*..'/"H'-"-.3; B+1"('#-)62>$..3; D*(.3; %*)1'& (816-818) *1* %'('&%'/"H'-"-.3; 
D*(.3; %*)1'& (88-10), H1';' )'"#*.2:&)2 ) MD2, H'R&'4B '.* 2612:&)2 )1$<34* 
$%&*6$&'($4* %'4H1"%)$ MD2-TLR4. N('4" &'+', &"&($-$/*1*('6$..3" 1*H*#.3" 
)&(B%&B(3 (.$H(*4"(, R(*&'($. *1* 1*H*#-4$) >$.*4$:& /".&($1?.B: -$)&? MD2, .' ." 
'<1$#$:& H'6"(;.')&.34* )6'A)&6$4*, ."'<;'#*434* #12 $%&*6$/** TLR4. J.* )%'("" 
#"A)&6B:& %$% $.&$+'.*)&3, $ ." $+'.*)&3 EC8-'H')("#'6$..'A $%&*6$/**. 

R2-Z-+*#('%)*4*(*)&*.'6$2 %*)1'&$ ($)H'1$+$"&)2 .$ H'6"(;.')&* 1*H*#$ 9 * "" 
+*#('K'<.3A %'."/ .$H($61". 6 )&'('.B 63"4%*, %'&'($2 H(';'#*& H' 6.B&(".."A 
H'6"(;.')&* R%&'#'4".$ TLR4 .$ +($.*/" 4"D#B 8-&"(4*.$1?.34 #'4".'4 TLR4 * 
<'+$&34* 1"A/*.'4 H'6&'($4* 15-17 [14]. N$% &'1?%' %'4H1"%) EC8-MD2 )&3%B"&)2 ) 
6."%1"&'-.34 #'4".'4 TLR4, '<($>B"&)2 %(BH.$2 #*4"(.$2 )&(B%&B($ *> #6B; 
4'1"%B12(.3; %'4H1"%)'6 EC8-MD2-TLR4, %'&'(3" )'"#*.2:&)2 4"D#B )'<'A, )<1*D$2 
&($.)4"4<($..3A * 6.B&(*%1"&'-.3A #'4".3 #6B; 4'1"%B1 TLR (R&* %'4H1"%)3 
>$-$)&B: 'H("#"12:&)2 .$ H'6"(;.')&* %1"&'%, %$% )%'H1".*2 1*H*#'6). C('*>'7"#7*" 
*>4".".*2 )H')'<)&6B:& $%&*6$/** ."'<;'#*43; 4'1"%B1-$#$H&"('6 HB&"4 
6>$*4'#"A)&6*2 ) #'4".'4 ("/"H&'($ &'11-*.&"(1"A%*.-1 ($.+1. Toll interleukin-1 receptor, 
TIR). , (">B1?&$&" .$-*.$"& KB.%/*'.*('6$&? )*)&"4$ 6.B&(*%1"&'-.'A )*+.$1*>$/**. 
N'."-.34 (">B1?&$&'4 R&'+' %$)%$#$ 2612"&)2 $%&*6$/*2 EC8-("$%&*6.'A H('+($443 6 
2#(" %1"&%*-4*7".*. 
C')1" )'"#*.".*2 TLR4 ) 1*+$.#'4 EC8 6'>4'D.3 #6$ HB&* $%&*6$/** %1"&%*, $ *4"..' 
$%&*6$/*2 H')("#)&6'4 K$%&'($ 4*"1'*#.'A #*KK"("./*('6%*-88 ($.+1. myeloid 
differentiation factor 88, MyD88) *1* H')("#)&6'4 TIR #'4".-)'#"(D$O"+' $#$H&"(.'+' 
<"1%$, *.#B/*(B:O"+' *.&"(K"('.-<"&$ ($.+1. TIR domain-containing adaptor inducing 
interferon-beta, TRIF) [6, 10]. 8"(*2 )*+.$1'6 )'H('6'D#$"& H')1"#'6$&"1?.B: $%&*6$/*: 
)H"/*K*-")%*; &*('>*.- * &("'.*./)"(*.-%*.$>. S&'& )*+.$1?.3A %$)%$# 6 %'."-.'4 
)-"&" H(*6'#*& % K')K'(*1*('6$.*:, B<*%6*&*.*1*('6$.*: * #"+($#$/** 
*.+*<*&'(.'+' <"1%$ [, ($.+1. inhibitory @>, I@>) * #(B+*; $%&*6$&'('6 &($.)%(*H/**. 
P"+($#$/*2 I[, )'H('6'D#$"&)2 ')6'<'D#".*"4 B-$)&%'6 )62>36$.*2 2#"(.'+' K$%&'($ 
[, ($.+1. nuclear factor @B, NF@B) ) 2#"(.'A 4"4<($.'A, * H')1"#B:O*4 H('.*%.'6".*"4 
6.B&(? 2#($ %1"&%*. T".3 K$%&'('6 )6"(&36$.*2, %'4H1"4".&$, #(B+*; ')&('K$>'63; 
<"1%'6, /*&'%*.'6, ;"4'%*.'6 * )*.&$>3 '%)*#$ $>'&$ )'#"(D$& B-$)&%* )62>36$.*2 NF[B 
6 )6'*; H('4'&'(.3; >'.$;. !"$%/*2 '(+$.*>4$ .$ EC8 6 6*#" 63($<'&%* 6')H$1*&"1?.3; 
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/*&'%*.'6 * #(B+*; 4"#*$&'('6 6')H$1".*2 H(*6'#*& % K'(4*('6$.*: 
+"."($1*>'6$..'+' 6')H$1*&"1?.'+' '&6"&$, B)*1".*: H('%'$+B12.&.'A $%&*6.')&*, 
H'6("D#".*: &%$.* * ($>6*&*: )"H&*-")%'+' 7'%$ [15, 16]. 

C8+3@ 8$'014("*+ * &$1264+E** 
9%&*6$/*2 )6"(&36$:O"A )*)&"43 %('6* ) ($>6*&*"4 %'$+B1'H$&** H'&("<1".*2 * 
#*KKB>.'+' &('4<''<($>'6$.*2 2612"&)2 ;'('7' *>6")&.34 ')1'D.".*"4 &2D"1'+' 
)"H)*)$ ((*). 1). 0))1"#'6$.*2 ("$%/** .$ 66"#".*" R.#'&'%)*.$ * TNF, 63H'1."..3" 6 
H'HB12/** >#'('63; #'<('6'1?/"6, )6*#"&"1?)&6B:& ' &'4, -&' 6."7.*A HB&? $%&*6$/** 
)6"(&36$.*2 (*.#B/*(B"43A &%$."634 K$%&'('4) 2612"&)2 ').'6.34 4";$.*>4'4 
>$HB)%$ )6"(&36$.*2 %('6* H(* )"H)*)" B 1:#"A [17-19]. N'.&$%&.$2 )*)&"4$ 6.B&(".."+' 
HB&* &$%D" $%&*6*(B"&)2 H(* )"H)*)", B)*1*6$2 )6"(&36$.*" * 6$>'#*1$&$/*: HB&"4 
63($<'&%* <($#*%*.*.$. 9%&*6$/*2 6.B&(*)')B#*)&'+' )6"(&36$.*2 H(*6'#*& % 
'<($>'6$.*: 4*%('&('4<'6, -&' )H')'<)&6B"& ($>6*&*: H'1*'(+$..'A ."#')&$&'-.')&*, 
)'H('6'D#$:O"A &2D"13A )"H&*-")%*A H('/")). 0)&'O".*" >$H$)'6 K$%&'('6 
)6"(&36$.*2, $ &$%D" $%&*6$/*2 H1$>4*.$, $.&*&('4<*.$ III * H('&"*.$ 8 4'+B& 
H')1BD*&? H(*-*.'A ($>6*&*2 +"4'(($+*-")%'+' #*$&">$ %$% '%'.-$&"1?.'+' H('261".*2 
#*))"4*.*('6$..'+' 6.B&(*)')B#*)&'+' )6"(&36$.*2 [18]. 

 
>*'. 1. 862>? * 6>$*4'#"A)&6*" R.#'&'%)*.$ * H('/"))$ %'$+B12/**. (1) !$)H'>.$.*" EC8 
RKK"%&'(.34* %1"&%$4* *44B..'A )*)&"43 H(*6'#*& % >$HB)%B ')&('K$>'6'+' '&%1*%$. 
(2) 0.&"(1"A%*. (IL-6)-'H')("#'6$..$2 R%)H("))*2 &%$."6'+' K$%&'($ (I@). (3) 9%&*6$/*2 
K*<(*.'1*&*-")%'A )*)&"43, 'H')("#'6$..$2 K$%&'('4 ."%('>$ 'HB;'1*-$1?K$ (TNF-\). 
(4) I%$."6'A K$%&'( 6 %'4H1"%)" ) K$%&'('4 VII$, K$%&'( X$ * &('4<*. $%&*6*(B:& 
H('&"$>$-$%&*6*('6$..3" ("/"H&'(3 ($.+1. protease activated receptor, PAR) 1-4. I9C - 
&%$."6'A $%&*6$&'( H1$>4*.'+".$; @9I - K$%&'( $%&*6$/** &('4<'/*&'6. 8;"4$ 
4'#*K*/*('6$.$ ) ($>("7".*2 JBHR1 [26]. 
 

I").$2 6>$*4')62>? 4"D#B %'$+B12/*"A * 6.B&("..*4 *44B..34 '&6"&'4 .$ B('6." 
4*%('/*(%B12/** H')1BD*1$ H'6'#'4 #12 4.'+'-*)1"..3; H'H3&'% B1B-7*&? H('+.'> 
H(* )"H)*)" >$ )-"& %'.&('12 .$# H('/"))'4 )6"(&36$.*2 %('6* [2, 8, 20]. I('4<*. * 
#(B+*" K$%&'(3 )6"(&36$.*2 4'+B& .$H(24B: )&*4B1*('6$&? )*.&"> /*&'%*.'6 * 
;"4'%*.'6 6 4*%('/*(%B12&'(.'4 (B)1" HB&"4 $%&*6$/** R.#'&"1*$1?.3; %1"&'%, 
."A&('K*1'6 * 4'.'/*&'6. 8&*4B12/*2 ($<'&3 R&*; %1"&'% H('*);'#*& H')("#)&6'4 

O?C 

A*(4$*#"7( 
&4(%&* 

G'%:1+ 9131, C', 
PM<, '*"%131 $&'*#1 
13$%1, E*%$&*"7, 

I()$&*"7 

PVII 

!&'0:(''*+ <P 

<P:PVII1 

PX 
PX1 

PIX1 
PXI1 

+PVIII1 

+PV1 

PAR1-4 
IL-8, MCF, 
PM<, IL-6 

?:$- 
%:$)H*" 

<:$)H*" 

P*H:*"$2(" P*H:*" 

?413)*" 

?413)*"$2(" 

<:$)H +PXIII 

?(%4+ 
6'*4("*+ <M? 
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H('&"$>$-$%&*6*('6$..3; ("/"H&'('6 ($.+1. protease-activated receptors, PAR) [21]. PAR-1 
$%&*6*(B:&)2 &('4<*.'4 * K$%&'('4 X. 862>? PAR ) 1*+$.#$4* )"(*.-H('&"$>3 .$ 
H'6"(;.')&* R.#'&"1*2 B)*1*6$"& R%)H("))*: !-)"1"%&*.$ * 4'1"%B1 $#+">**, %'&'(3" 
'<")H"-*6$:& )'"#*.".*" 1"A%'/*&'6 ) R.#'&"1*'/*&$4*. ,>$*4'#"A)&6*" 1"A%'/*&'6 ) 
R.#'&"1*"4 '%$>36$"& <1$+'&6'(.'" 61*2.*" H(* 1'%$1*>'6$..'A *.K"%/**, .$H($6122 
K$+'/*&$(.3" %1"&%* % 4")&B H'6("D#".*2 &%$.*. I"4 ." 4"."", H(* +"."($1*>'6$..'4 
6')H$1*&"1?.'4 H('/"))" * .$(B7".*2; %'$+B12/**, )'H('6'D#$:O*; )"H)*), R&' 
6>$*4'#"A)&6*", .$H('&*6, )%$>36$"&)2 ."<1$+'H(*2&.', H')%'1?%B #*KKB>.'" 
)62>36$.*" 1"A%'/*&'6 ) H'6"(;.')&?: R.#'&"1*2 H(*6'#*& % H'6("D#".*: &%$.* * 
($>6*&*: ."#')&$&'-.')&* 4*%('/*(%B12/** [17]. 
<$4(:1"%"$'%@ & ,"#$%$&'*"6 (:(0:$2:1))*:$81"*() * '(0'*'-*"#6E*:$81""1+ 
*))6"$'60:(''*+ 
@".'4". &'1"($.&.')&* % R.#'&'%)*.B (*1* ("H('+($44*('6$.*") ;'('7' *>B-". 6 
R%)H"(*4".&$1?.3; 4'#"12; )"H)*)$. C("#H'1$+$"&)2, -&' R&'& K".'4". &$%D" H(*4".*4 
% )"H)*)B 6 -"1'6"-")%'A H'HB12/**. I'1"($.&.')&? % R.#'&'%)*.B H("#)&$612"& )'<'A 
#")".)*<*1*>$/*: % EC8-*.#B/*('6$..'A 1"&$1?.')&*, '<B)1'61"..B: RKK"%&'4 
)&*4B1*(B:O"A (."<'1?7'A) #'>3 EC8, H("#7")&6B:O*4 66"#".*: 1"&$1?.'A (H(* 
*.3; '<)&'2&"1?)&6$;) #'>3 EC8. !"H('+($44*('6$.*" H('*);'#*& +1$6.34 '<($>'4 .$ 
B('6." &($.)%(*H/** * H("#H'1$+$"& <1'%*('6$.*" +".'6, %'#*(B:O*; )*.&"> 
H('6')H$1*&"1?.3; /*&'%*.'6 * H('-*; ')&('K$>'63; <"1%'6. C"(6*-.$2 
#")".)*<*1*>*(B:O$2 #'>$ R.#'&'%)*.$ H'637$"& $%&*6.')&? R.#'+"..3; 
%'(&*%')&"('*#'6 * H('&*6'6')H$1*&"1?.3; /*&'%*.'6, &$%*; %$% *.&"(1"A%*.-10, 
).*D$"& R%)H("))*: TLR * ').'6.3; $.&*+".'6 +*)&')'64")&*4')&* .$ H'6"(;.')&* 
%1"&'%, 4'#*K*/*(B"& 2#"(.B: &($.)1'%$/*: )*+.$1?.3; 4'1"%B1, $ &$%D" ).*D$"& 
)&$<*1?.')&? 4$&(*-.'A !FN (4!FN) +".'6, %'#*(B:O*; /*&'%*.3 [20]. 

S%)H"(*4".&$1?.3A * %1*.*-")%*A 'H3& )6*#"&"1?)&6B"& ' &'4, -&' ("H('+($44*('6$.*" 
4'D"& )'H('6'D#$&?)2 +"."($1*>'6$..'A *44B.')BH("))*"A. C'4*4' 637"'H*)$..3; 
*>4".".*A H('+($443 &($.)%(*H/**, B <'1?.3; )"H)*)'4 .$<1:#$"&)2 63($D"..3A 
$H'H&'> '&#"1?.3; H'#+(BHH 1*4K'/*&'6, #".#(*&.3; %1"&'% * RH*&"1*$1?.3; %1"&'% [8, 
20]. N('4" &'+', B 1:#"A, )&($#$:O*; )"H)*)'4, #')&$&'-.' ($)H(')&($.".$ ."%'&'($2 
*44B..$2 ("K($%&"(.')&?. 5*('%' ($)H(')&($."..'" 4.".*" ' &'4, -&' )"H)*) 
H("#)&$612"& )'<'A 4'.'H'12(.'" )')&'2.*" -(">4"(.'+' 6')H$1*&"1?.'+' '&6"&$, .')*& 
-(">63-$A.' BH('O"..3A ;$($%&"(. S&' 4.".*" ').'6$.' .$ (">B1?&$&$; *))1"#'6$.*2 
')&('+' #"A)&6*2 R.#'&'%)*.'6 6 4'#"12; ) B-$)&*"4 1$<'($&'(.3; D*6'&.3;. , 
.$)&'2O"" 6("42 B)&$.'61".', -&' B 4.'+*; H$/*".&'6 ($>6*6$"&)2 )1$<3A )*)&"4.3A 
6')H$1*&"1?.3A '&6"&. I$%'" )')&'2.*" >$-$)&B: .$<1:#$"&)2 .$ H'>#.*; )&$#*2; 
)"H&*-")%'+' 7'%$. L.'+'%($&.'" H'6("D#$:O"" #"A)&6*" 4"#*$&'('6 4*%('<.'+' 
H('*);'D#".*2 ;$($%&"(*>B"&)2 4"."" 63($D"..34* K*>*'1'+*-")%*4* .$(B7".*24*, 
H' )($6.".*: ) *>4".".*24*, )'H('6'D#$:O*4* .$-$1?.3A R&$H &2D"1'+' )"H)*)$ [8, 20, 
22]. 
>1'0$3"181"*( #:62*I )*&:$H"7I )(#*1%$:$8 1"%*2(":1'0$3"1;F*)* :(E(0%$:1)* 
TLR4 - R&' ').'6.'A ("/"H&'( #12 EC8, &'+#$ %$% TLR2 * "+' +"&"('#*4"(.3" $.$1'+* 
(TLR1 *1* TLR6) ($)H'>.$:& 4.'D")&6' #(B+*; 4"#*$&'('6 4*%('<.'+' H('*);'D#".*2, 
%'&'(3" 63)&BH$:& 6 ('1* PAMP-4'1"%B1 +(*<'6, 6*(B)'6, H$($>*&'6 * 
+($4H'1'D*&"1?.3; <$%&"(*A [10, 13, 22, 23]. 9.$1'+*-.' )62>36$.*: ) EC8, CD14 
H"(6*-.' )'"#*.2"&)2 ) <$%&"(*$1?.34 H"H&*#'+1*%$.'4, 1*H'&"A;'"6'A %*)1'&'A * 
1*H'H"H&*#$4* +($4H'1'D*&"1?.3; <$%&"(*A, $ >$&"4 H"(".')*& R&* 4*%('<.3" 1*+$.#3 
.$ TLR2 #12 H')1"#B:O"A H"("#$-* )*+.$1$ .$ 6.B&(*%1"&'-.'4 B('6.". TLR5 
($)H'>.$"& K1$+"112(.3A <"1'% (K1$+"11*.) +($4'&(*/$&"1?.3; * +($4H'1'D*&"1?.3; 
<$%&"(*A, )H')'<.3; H"("#6*+$&?)2 H')("#)&6'4 <$%&"(*$1?.3; D+B&*%'6 [5, 15]. 



20                                            S.#'&'%)*.3 * #(B+*" K$%&'(3, H('6'/*(B:O*" ($>6*&*" )"H)*)$. JBHR1 

T($4H'1'D*&"1?.3" (1*7"..3" EC8) * +($4'&(*/$&"1?.3" <$%&"(** )*1?.' '&1*-$:&)2 
H' ;$($%&"(B '&%1*%$ '(+$.*>4$ ;'>2*.$ * H('K*124 &($.)%(*H/**. 81"#'6$&"1?.', 
)*+.$1?.3" /"H*, H("#B)4'&("..3" #12 +($4H'1'D*&"1?.3; <$%&"(*A, ." H';'D* .$ 
&$%'63" <$%&"(*A, .$(BD.$2 '<'1'-%$ %'&'(3; )'#"(D*& R.#'&'%)*. [24-27]. 
8H"/*K*-")%*" +"."&*-")%*" R1"4".&3 <$%&"(*A * ."%'&'(3; 6*(B)'6 ($)H'>.$:&)2 
)H"/*$1?.34* TLR. S&* ("/"H&'(3 )H')'<.3 *#".&*K*/*('6$&? .B%1"*.'63" %*)1'&3 
6.B&(* %1"&%* .$ B('6." R.#')'4. TLR9 ($)H'>.$"& ."4"&*1*('6$..3" CpG-4'&*63 
<$%&"(*$1?.'A PFN [28], &'+#$ %$% '#.'/"H'-"-.3" * #6B;/"H'-"-.3" !FN 6*(B)'6 
($)H'>.$:&)2 TLR7/8 * TLR3, )''&6"&)&6"..' [6, 10, 13]. W)&")&6"..3A 1*+$.# TLR10 #' 
)*; H'( ." *#".&*K*/*('6$.. 8B#2 H' 6)"4B, R&'& ("/"H&'( )H')'<". 6)&BH$&? 6' 
6>$*4'#"A)&6*" ) TLR2 ) '<($>'6$.*"4 +"&"('#*4"(.'A )&(B%&B(3, %'&'($2 4'D"& 
($)H'>.$6$&? ."%'&'(3" 4*%('<.3" 1*+$.#3 [15]. 
P$D" ")1* 6'><B#*&"1? ')&$"&)2 ."($)H'>.$..34 * H('.*%$"& 6' 6.B&(*%1"&'-.'" 
H(')&($.)&6', "+' H(*)B&)&6*" 6)" ($6.' 4'D"& <3&? '<.$(BD".' #(B+*4 )"4"A)&6'4 
$.&*+".($)H'>.$:O*; ("/"H&'('6, *>6")&.3; %$% <"1%* ) #'4".'4 '1*+'4"(*>$/** 
.B%1"'&*#$ * H'6&'('4, <'+$&34 1"A/*.'4 ($.+1. nucleotide oligomerization domain-leucine 
rich repeat, NOD-LRR). S&* <"1%* ($)H'>.$:& )H"/*K*-")%*" %'4H'.".&3 H"H&*#'+1*%$.$ 
+($4'&(*/$&"1?.3; * +($4H'1'D*&"1?.3; <$%&"(*A, * $%&*6*(B:& +"."&*-")%*" 
H('+($443, .$H($61"..3" .$ B#$1".*" 6'><B#*&"12 [15, 22]. J&#"1?.$2 6.B&(*%1"&'-.$2 
)*)&"4$ ($)H'>.$6$.*2, %'&'($2 H("#)&$61".$ ;"1*%$>$4*, H'#'<.34* +".B 1 &*H$, 
*.#B/*(B"4'4B ("&*.'"6'A %*)1'&'A ($.+1. retinoic acid-inducible gene-1-like helicases, 
RLH), *#".&*K*/*(B"& 6*(B).3A +".'4 6.B&(* %1"&%* * 'H'6"O$"& *44B..B: )*)&"4B ' 
H(*)B&)&6** 6'><B#*&"12 [22]. 

N #(B+*4 $.&*+".($)H'>.$:O*4 4'1"%B1$4 '&.')2&)2 $1?&"(.$&*6.3" %'4H'.".&3 
%'4H1"4".&$, 4$..'>$-)62>36$:O*A 1"%&*. * CD14 [22, 29]. ,('D#"..3A *44B.*&"& H' 
)6'"A H(*('#" 2612"&)2 )*)&"4'A ($.."+' ("$+*('6$.*2 * .")H"/*K*-")%'A 
H('&*6'4*%('<.'A >$O*&3. P12 6('D#"..'+' *44B.*&"&$ .";$($%&"(.$ &'-.')&?, 
H(*)BO$2 $#$H&*6.'A *44B..'A )*)&"4" (.$H(*4"(, ,-%1"&%* * I-%1"&%*). I"4 ." 4"."", 
)H')'<.')&? % <3)&('4B ("$+*('6$.*: ) B-$)&*"4 K$+'/*&'>$ * 636"#".*"4 6'><B#*&"12 
) 1*;6'A %'4H".)*(B"& R&'& ."#')&$&'% &'-.')&*. ,('D#"..3A *44B.*&"& - R&' 
4";$.*>4, %'&'(3A ."'<;'#*4 #12 H'##"(D$.*2 D*>."#"2&"1?.')&* '(+$.*>4$, * "+' 
%1"&'-.3A %'4H'.".& (."A&('K*13, 4'.'/*&3, 4$%('K$+* * ")&")&6"..3" %1"&%*-
%*11"(3) *+($"& 6"#BOB: ('1? 6 H$&'+".">" )"H&*-")%'+' 7'%$ [20]. 

Q:62*( )*&:$H"7( %$&'*"7, 6-1'%86;F*( 8 01%$2("(3( '(0'*'1 
WO" '#.*4 6$D.34 4"#*$&'('4 4*%('<.'+' H('*);'D#".*2, %'&'(3A B-$)&6B"& 6 
H$&'+".">" )"H&*-")%'+' 7'%$, 2612"&)2 <$%&"(*$1?.3A )BH"($.&*+".. 8BH"($.&*+".3 
H("#)&$612:& )'<'A ($>.'('#.B: +(BHHB <"1%'63; R%>'&'%)*.'6, 63($<$&36$"43; 
)&("H&'%'%%$4*, )&$K*1'%'%%$4* * #(B+*4* H$&'+"..34* 4*%(''(+$.*>4$4*. ,)" 
R%>'&'%)*.3 )H')'<.3 )62>36$&?)2 )' )H"/*K*-")%*4* B-$)&%$4* 4'1"%B1 +1$6.'+' 
%'4H1"%)$ +*)&')'64")&*4')&* II %1$))$ .$ $.&*+".H("#)&$612:O*; %1"&%$;, $ &$%D" 
$%&*6*('6$&? <'1?7'" %'1*-")&6' I-%1"&'% CD4+. I$%*4 '<($>'4, )BH"($.&*+".3 4*.B:& 
'<3-.3A 4";$.*>4 '<($<'&%* * H("#)&$61".*2 $.&*+".$ [30]. 
I'+#$ %$% '<3-.3A <"1%'63A $.&*+". )&*4B1*(B"& &'1?%' 1 ; 105 1*4K'/*&'6 
/*(%B1*(B:O"A %('6*, )H')'<.3; ($)H'>.$&? %$D#3A RH*&'H, )BH"($.&*+". (.$H(*4"(, 
&'%)*. )*.#('4$ &'%)*-")%'+' 7'%$ 1 &*H$, %'&'(3A 63($<$&36$"&)2 >'1'&*)&34 
)&$K*1'%'%%'4 * )62>36$"&)2 ) B-$)&%'4 VZ2 I-%1"&'%) )H')'<". )&*4B1*('6$&? #' 10-
20% H'HB12/** /*(%B1*(B:O*; 1*4K'/*&'6. S&' H(*6'#*& % *><3&'-.'A $%&*6$/** 
1*4K'/*&'6 * 4$%('K$+'6 ) *);'#'4 6 ."%'.&('1*(B"43A )*.&"> * 63)6'<'D#".*" 
6')H$1*&"1?.3; /*&'%*.'6. C'1*4*%('<.3" *.K"%/**, 6'><B#*&"1* %'&'(3; )H')'<.3 
63)6'<'D#$&? %$% <$%&"(*$1?.3" )BH"($.&*+".3, &$% * R.#'&'%)*., 4'+B& <3&? ')'<"..' 



21                                            S.#'&'%)*.3 * #(B+*" K$%&'(3, H('6'/*(B:O*" ($>6*&*" )"H)*)$. JBHR1 

+B<*&"1?.3 #12 '(+$.*>4$ ;'>2*.$. ,')H(**4-*6')&? % EC8 B)*1*6$"&)2 H'# #"A)&6*"4 
)BH"($.&*+".'6, %'&'(3" H'#+'&$61*6$:& *44B..B: )*)&"4B % H')1"#B:O"4B 
6'>#"A)&6*: EC8. 

J78$#7 
@B.%/*2 6('D#"..'+' *44B.*&"&$ )')&'*& 6 &'4, -&'<3 ($)H'>.$6$&? (2# 
63)'%'>$O*O"..3; 4'1"%B1, H("#BH("D#$:O*; ' H('.*%.'6".** 6'><B#*&"12 6' 
6.B&("..:: )("#B '(+$.*>4$. 8*)&"4$ ($)H'>.$6$.*2 >$O*O$"& 6)"; .$) '& 
4.'+'-*)1"..3; 1"+%*; &($64 * *.K"%/*A .$ H('&2D".** 6)"A .$7"A D*>.*. S&$ D" 
)*)&"4$ H("#BH("D#".*2 H'&"./*$1?.' 1"&$1?.$, ")1* "" $%&*6$/*2 H('*);'#*& H(* 
."("+B1*(B"4'A * +"."($1*>'6$..'A )*)&"4.'A ("$%/**, ;$($%&"(.'A #12 )"H)*)$. 
S%)&($%'(H'($1?.'" B#$1".*" 4"#*$&'('6 4*%('<.'+' H('*);'D#".*2, &$%*; %$% 
R.#'&'%)*., )BH"($.&*+".3 * #(B+*" 4"#*$&'(3, *)&'-.*%'4 %'&'(3; 2612:&)2 
6'><B#*&"1*, 2612"&)2 >$%'.'4"(.34 &"($H"6&*-")%*4 4"('H(*2&*"4 H(* 1"-".** 
<'1?.3; )"H)*)'4. , .$)&'2O"" 6("42 #')&BH.3 )("#)&6$ #12 B)H"7.'+' B#$1".*2 R&*; 
4"#*$&'('6. P12 'H("#"1".*2 H'%$>$.*A % *)H'1?>'6$.*: R&*; &";.'1'+*A H' "'-*)&%" 
%('6*" H$/*".&'6, )&($#$:O*; )"H)*)'4, ."'<;'#*4' H('6")&* #'H'1.*&"1?.3" 
%1*.*-")%*" *))1"#'6$.*2. 
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>(9(:1% 
F"%'&'(3" H('261".*2 )"H)*)$ '<B)1'61".3 H(*)B&)&6*"4 R.#'&'%)*.$ 6 %('6'&'%". 
0))1"#'6$.*2, 63H'1."..3" ) B-$)&*"4 1:#"A * D*6'&.3;, )6*#"&"1?)&6B:& ' 26.'4 
*44B.'1'+*-")%'4 '&%1*%" .$ H'H$#$.*" R.#'&'%)*.$ 6 '(+$.*>4. N('4" &'+', H(* 
)"H)*)" * R.#'&'%)"4** ($)H(')&($.".3 ')&(3" .$(B7".*2 KB.%/** )"(#"-.'-
)')B#*)&'A )*)&"43, 1"+%*; * H'-"%. , )62>* ) R&*4, -(">63-$A.' 6$D.' 632612&? )"H)*) 
.$ ($.."A )&$#** "+' ($>6*&*2 * ($)H'>.$6$&? +B4'($1?.3" .$(B7".*2, )62>$..3" ) 
&"-".*"4 R&'+' >$<'1"6$.*2, 6 &'4 -*)1" *#".&*K*/*('6$&? R.#'&'%)*. 6 
/*(%B1*(B:O"A %('6* * 63H'1.2&? )''&6"&)&6B:OB: %'1*-")&6"..B: '/".%B. C')1" 
H'1B-".*2 ."'<;'#*4'A *.K'(4$/** 1'+*-.34 7$+'4 2612"&)2 B#$1".*" 4$%)*4$1?.' 
6'>4'D.'+' %'1*-")&6$ R.#'&'%)*.$ ) /"1?: H'#$61".*2 %1*.*-")%*; RKK"%&'6 
H$&'1'+*-")%'+' H('/"))$. , .$)&'2O"" 6("42 R&'+' 4'D.' #')&*+.B&? <1$+'#$(2 
*)H'1?>'6$.*: 63)'%')H"/*K*-.'+' +"4'H"(KB>*'..'+' H('/"))$ ) H(*4".".*"4 
%$(&(*#D"A ) *44'<*1*>*('6$..34 H'1*4*%)*.'4 , 6 )')&$6" R%)&($%'(H'($1?.'+' 
%'.&B($. 8B#2 H' 6)"4B, <1$+'#$(2 *)H'1?>'6$.*: R&'+' 4"&'#$ 4'D.' B#$1*&? <'1?7'" 
%'1*-")&6' R.#'&'%)*.$ * #'<*&?)2 >.$-*&"1?.'+' ).*D".*2 "+' %'./".&($/** 6 
%('6'&'%". N1*.*-")%*" RKK"%&3 R&'A 4"&'#*%* )')&'2& 6 H'#$61".** )"H&*-")%'+' 
%$)%$#$ .$ ($..*; )&$#*2; "+' ($>6*&*2, $ &$%D" 6 B1B-7".** *);'#$ >$<'1"6$.*2. 
C')1"#.*" %1*.*-")%*" *))1"#'6$.*2 'H($6#36$:& 'D*#$.*2, )62>$..3" ) R&*4 4"&'#'4 
+"4'H"(KB>**, H')%'1?%B *; (">B1?&$&3 )6*#"&"1?)&6B:& '< B4".?7".** )4"(&.')&* 
<'1?.3; ) ($..*4* H(*>.$%$4* $<#'4*.$1?.'+' )"H)*)$ .$ K'." ."#$6.' H"(".")"..'+' 
'H"($&*6.'+' 64"7$&"1?)&6$. S&* #')&*D".*2 '&%(36$:& .'63" H'#;'#3 % H(*4".".*: 
)H"/*K*-")%*; 4"&'#'6 1"-".*2 H(* )"H)*)". 

96&'()%*" H($6$ © (2010 +'#) H(*.$#1"D$& S. Karger AG, +. =$>"1? 
 

!"#$%$&'()*+ 8 ,&'0(:*)("%14@"$. )$#(4* '(0'*'1 6 4;#(. * 41H$:1%$:"7I 
D*8$%"7I 
C')1"#.*" *))1"#'6$.*2 >.$-*&"1?.' ($)7*(*1* .$7" H("#)&$61".*" ' <*'1'+** 
&2D"1'+' 6')H$1*&"1?.'+' * *.K"%/*'..'+' H('/"))$ B 1:#"A [1]. , .$)&'2O"" 6("42 
)-*&$"&)2, -&' 6('D#"..$2 *44B..$2 ("$%/*2 .$ 6."#(".*" 6'><B#*&"12 6' 6.B&("..:: 
)("#B '(+$.*>4$ ("$1*>B"&)2 H("*4BO")&6"..' >$ )-"& ($)H'>.$6$.*2 4'1"%B12(.3; 
4'&*6'6 *44B.'%'4H"&".&.34* %1"&%$4* ) H')1"#B:O"A $%&*6$/*"A 4.'+'-*)1"..3; 
%*.$>.3; HB&"A. N('4" &'+', B)&$.'61".', -&' H'#'<.3" ("$%/** )'H('6'D#$:&)2 
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6("4"..34 H"(")"-".*"4 H('- * H('&*6'6')H$1*&"1?.3; )*+.$1'6. N )'D$1".*:, 
6$(*$<"1?.')&? %1*.*-")%'+' K".'&*H$ >$-$)&B: H("H2&)&6B"& *.&"(H("&$/** H'#'<.3; 
*>4".".*A 6 ("$1?.'4 6("4".*, * '+($.*-*6$"& 6'>4'D.')&? RKK"%&*6.'+' 
64"7$&"1?)&6$ 6 H$&'1'+*-")%*A H('/")). 
, ($4%$; .")%'1?%*; *))1"#'6$.*A <31 *>B-". H"(6*-.3A *44B..3A '&6"& .$ 
*><*($&"1?.'" 66"#".*" R.#'&'%)*.$ - 1*H'H'1*)$;$(*#$ (EC8), %'&'(3A 2612"&)2 
').'6.34 %'4H'.".&'4 .$(BD.'A '<'1'-%* +($4'&(*/$&"1?.3; <$%&"(*A. , &"-".*" 
'#.'+' -$)$ H')1" 6.B&(*6"..'+' 66"#".*2 R.#'&'%)*.$ (EC8) B H$/*".&'6 4'+B& 
H'26*&?)2 ($>1*-.3" %1*.*-")%*" H('261".*2, .$H(*4"(, '>.'<, +'1'6.$2 <'1?, <'1? 6 
)H*.", 4*$1+**, &'7.'&$ * K'&'K'<*2. ,3($D"..')&? #*)%'4K'(&$, )62>$..'+' ) R&*4* 
)*4H&'4$4*, ."H')&'2..$. I"4 ." 4"."", H'-&* B 6)"; *)H3&B"43; .$<1:#$1')? 
H')&"H"..'" ("+("))*('6$.*" %1*.*-")%*; H('261".*A 6 &"-".*" 4-6 -$)'6. 
N .$*<'1"" ($)H(')&($."..34 )*4H&'4$4 4'D.' '&.")&* H'637".*" &"4H"($&B(3 &"1$ 
(.$ 1-4'8) * B6"1*-".*" -$)&'&3 )"(#"-.3; )'%($O".*A. S&* H('261".*2 )*)&"4.'A 
6')H$1*&"1?.'A ("$%/** '<3%.'6"..' >$&B;$:& 6 &"-".*" 6-8 -$)'6 [2, 3]. ,3($<'&%$ 
/*&'%*.'6 ;$($%&"(*>B"&)2 'H("#"1"..'A H')1"#'6$&"1?.')&?:. 8.$-$1$ H'637$"&)2 
$%&*6.')&? K$%&'($ ."%('>$ 'HB;'1* ($.+1. tumor necrosis factor, TNF). M6"1*-".*" 
%'./".&($/** TNF 6 )*)&"4.'4 %('6'&'%" .$<1:#$"&)2 -"("> 45-60 4*.B& H')1" 66"#".*2 
EC8. S.#'&'%)"4*2 )'H('6'D#$"&)2 #*.$4*-")%*4* * 6')H('*>6'#*434* *>4".".*24* 
%'1*-")&6$ * KB.%/** 1"A%'/*&'6 /*(%B1*(B:O"A %('6*. N'1*-")&6' 1"A%'/*&'6 6 
)*)&"4.'4 %('6'&'%" .$-*.$"& ).*D$&?)2 -"("> 15-30 4*.B& H')1" 6'>#"A)&6*2 EC8 [4], 
H("#7")&6B2 %1*.*-")%*4 H('261".*24 * 63($<'&%" )H"/*K*-")%*; 4"#*$&'('6. 
,3($D"..$2 4'.'/*&'H".*2 ;$($%&"(*>B"&)2 ("+("))*"A * 6'))&$.'61".*"4 .'(4$1?.3; 
H'%$>$&"1"A H' *)&"-".** 6-8 -$)'6. 
C('+("))*(B:O"" ).*D".*" '<O"+' -*)1$ 1*4K'/*&'6 &$%D" ("+*)&(*(B"&)2 6)%'(" 
H')1" 66"#".*2 EC8 * H('#'1D$"&)2 '& 9 #' 12 -$)'6. E"A%'/*&$(.$2 K'(4B1$ *>4".2"&)2 
H("*4BO")&6"..' >$ )-"& H'HB12/** H'1*4'(K.'2#"(.3; 1"A%'/*&'6. C')1" 
H"(6'.$-$1?.'+' ).*D".*2, %'1*-")&6' R&*; %1"&'% 6 &"-".*" 4-6 -$)'6 6'>($)&$"& #' 
B('6.2, H("637$:O"+' *);'#.3A, * 6'>6($O$"&)2 % .'(4" 6 &"-".*" 24 -$)'6. N1"&%* 
R.#'&"1*2 4'D.' '&.")&* % H'HB12/** *44B.'%'4H"&".&.3; %1"&'%, %'&'(3" 
$%&*6*(B:&)2 H')1" 6'>#"A)&6*2 EC8 in vivo. C(* H'4'O* 4$(%"('6-*4*&$&'('6, &$%*; 
%$% ($)&6'(*43A W-)"1"%&*., <31' B)&$.'61".', -&' '&-"&1*6$2 ("$%/*2 R.#'&"1*$1?.3; 
%1"&'% 4'D"& .$<1:#$&?)2 6 &"-".*" 2 -$)'6 H')1" 66"#".*2 EC8 * )';($.2&?)2 .$ 
H('&2D".** H')1"#B:O*; 6 -$)'6. 
>(1&E*+ '(:#(-"$-'$'6#*'%$. '*'%()7 0:* '(0'*'( 
8"H&*-")%*A 7'% )'H('6'D#$"&)2 63($D"..34* .$(B7".*24* KB.%/** )"(#"-.'-
)')B#*)&'A )*)&"43. C("#H'1$+$"&)2, -&' R.#'&'%)*. <$%&"(*$1?.3; %1"&'% 63)&BH$"& 6 
('1* '#.'+' *> 6"#BO*; 4"#*$&'('6, '&6"&)&6"..3; >$ ("$%/*: )"(#"-.'-)')B#*)&'A 
)*)&"43 H(* )"H)*)" [5]. S4H*(*-")%*4 HB&"4 <31' #'%$>$.', -&' 66"#".*" R.#'&'%)*.$ 
>#'('634 1*/$4 H(*6'#*& % H'#$61".*: KB.%/** 1"6'+' D"1B#'-%$, .">$6*)*4' '& 
*>4".".*A '<Y"4$ 1"6'+' D"1B#'-%$ * )')B#*)&'+' )'H('&*61".*2. 0>4".".*2 KB.%/** 
$.$1'+*-.3 &$%'634 H(* )"H&*-")%'4 7'%", * )6*#"&"1?)&6B:& ' &'4, -&' R.#'&'%)*. 
2612"&)2 ').'6.34 4"#*$&'('4 #*)KB.%/** )"(#"-.'-)')B#*)&'A )*)&"43 H(* R&'4 
)')&'2.**. 
8"H&*-")%*A 7'% ;$($%&"(*>B"&)2 4*'%$(#*$1?.'A #*)KB.%/*"A, 6$>'H1"+*"A * 
4*%(')')B#*)&34 &('4<''<($>'6$.*"4 ) *);'#'4 6 H'1*'(+$..B: ."#')&$&'-.')&? * 
)4"(&? '(+$.*>4$. ,3($D"..'" H'#$61".*" KB.%/** )"(#/$, )'H('6'D#$:O"" )"H)*) B 
-"1'6"%$, <31' 4'#"1*('6$.' 6 ($4%$; 4.'+'-*)1"..3; R%)H"(*4".&'6. ,6"#".*" EC8 
>#'('634 #'<('6'1?/$4 H(*6'#*& % ($>6*&*: )*.#('4$, H'#'<.'+' )"H)*)B, %'&'(3A 
H("#H'1$+$"& ).*D".*" K($%/** 63<(')$ D"1B#'-%'6, <*6".&(*%B12(.B: #*1$&$/*:, $ 
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&$%D" *>4".".*2 )"(#"-.'+' *.#"%)$ [6]. EC8 ("$1*>B"& )6'* RKK"%&3 ." &'1?%' 
'%$>36$2 H(24'" 61*2.*" .$ %1"&%*, .' * 'H')("#'6$..', H(* H'4'O* &$%*; 4"#*$&'('6, 
%$% /*&'%*.3, 4'1"%B13 $#+">**, '%)*# $>'&$ * $%&*6.3" K'(43 %*)1'('#$. Kumar * 
)'$6&. [7] H'%$>$1*, -&' *.#B/*('6$..$2 EC8 #*)KB.%/*2 4*'%$(#$ ($>6*6$"&)2 H(* 
)'#"A)&6** TNF, *.&"(1"A%*.$-1b ($.+1. interleukin-1b, IL-1b) * H('-*; 4"#*$&'('6 
6')H$1".*2. P(B+*" B-".3" [8] H')1" 6'>#"A)&6*2 EC8 '<.$(BD*1* B6"1*-".*" 
4*'%$(#*$1?.'+' TNF, %'&'(3A '&-$)&* )*.&">*('6$1)2 )$4*4* %$(#*'4*'/*&$4*. 
E'%$1?.3A 4*'%$(#*$1?.3A B('6".? TNF 4'D"& <3&? 6$D.34 K$%&'('4, '&6"&)&6"..34 
>$ H('+("))*('6$.*" #*)KB.%/** 4*'%$(#$, H')%'1?%B TNF ." &'1?%' H'#$612"& 
)'%($&*&"1?.B: )H')'<.')&? )"(#"-.'A 437/3, .' * )&*4B1*(B"& $H'H&'> 
%$(#*'4*'/*&'6 [9]. 

>(1&E*+ 4(2&*I 0:* '(0'*'( 
E"+%*" ')'<"..' 6')H(**4-*63 % ')&('4B H'6("D#".*:, %'&'('" )'HB&)&6B"& 7'%B. 
I$%'" H'6("D#".*" 4'D"& H('+("))*('6$&? ) ($>6*&*"4 D*>."B+('D$:O"+' )')&'2.*2 - 
')&('+' (")H*($&'(.'+' #*)&(")) )*.#('4$ 6>(')13; [10]. 8H')'<.')&? R.#'&'%)*.$ 
*.#B/*('6$&? 63)6'<'D#".*" IL-1 * TNF %$% 4'.'/*&$4* /*(%B1*(B:O"A %('6*, &$% * 
H"-".?:, )6*#"&"1?)&6B"& ' &'4, -&' R.#'&'%)*. &$%D" )H')'<". H(24' *1* 
'H')("#'6$..' )&*4B1*('6$&? 1'%$1?.B: 63($<'&%B R&*; 4"#*$&'('6 6')H$1".*2 6 
1"+%*; $1?6"'12(.34* 4$%('K$+$4*. C')1" 63)6'<'D#".*2, IL-1 * TNF 4'+B& 
6'>#"A)&6'6$&? .$ $1?6"'12(.3" %$H*112(3 $.$1'+*-.' *>6")&.'4B 61*2.*: R&*; 
)'"#*.".*A .$ R.#'&"1*A )*)&"4.3; )')B#'6. , (">B1?&$&" H'637$"&)2 H('.*/$"4')&? 
$1?6"'1'%$H*112(.'A 4"4<($.3 * H('*);'#*& 6&'(*-.'" .$%'H1".*" D*#%')&*. I$%*4 
'<($>'4, H"()*)&*('6$.*" #*)KB.%/** 1"+%*; H')1" *)-">.'6".*2 )*)&"4.3; H('261".*A 
)"H&*-")%'+' 7'%$ )6*#"&"1?)&6B"& ' &'4, -&' 4")&.3" K$%&'(3 <">B)1'6.' *+($:& 
6$D.B: ('1? 6 ($>6*&** 7'%'6'+' 1"+%'+'. 

>(1&E*+ 0$-(& 0:* '(0'*'( * '(0'*'-1''$E**:$81""$( $'%:$( 0$8:(D#("*( 0$-(& 
C(* )"H)*)" H'-%$ 2612"&)2 '(+$.'4-4*7".?:. Q.$-*&"1?.34 *>4".".*24 H'#6"(+$"&)2 
%$% )&(B%&B($, &$% * KB.%/*2 H'-%*. J)&('" H'6("D#".*" H'-"% H(* )"H)*)" &").' )62>$.' 
) $H'H&'>'4 H'-"-.3; %1"&'% [11]. C(* +($4'&(*/$&"1?.'4 )"H)*)" EC8 4'+B& 
*.#B/*('6$&? $H'H&'> %$.$1?/"63; %1"&'% Fas-'H')("#'6$..34 * %$)H$>$-
'H')("#'6$..34 HB&24*. M <'1?.3; )"H)*)'4 <31' '<.$(BD".' H'637"..'" )'#"(D$.*" 
($)&6'(*4'+' Fas-$.&*+".$ 6 H1$>4" %('6* [12]. N('4" &'+', R%)H"(*4".&$1?.3" 4'#"1* 
)"H)*)$ H'%$>$1*, -&' B)*1"..$2 $%&*6$/*2 %$)H$>3 )*+.$1*>*(B"& ' .$1*-** ')&('A 
H'-"-.'A ."#')&$&'-.')&* [13]. 
9H'H&'> (R."(+'>$6*)*43A H('/")) H('+($44*('6$..'+' B4*($.*2 %1"&'% '(+$.*>4$) 
H(*.*4$"& ."H')("#)&6"..'" B-$)&*" 6 H$&'+".">" ')&('A H'-"-.'A ."#')&$&'-.')&*. 
F"#$6.' Jo * )'$6&. [11] * Bordoni * )'$6&. [14] 63)%$>$1* H("#H'1'D".*", -&' Fas-
'H')("#'6$..3A * %$)H$>$-'H')("#'6$..3A $H'H&'> %$.$1?/"63; %1"&'% 4'D"& <3&? 
'#.*4 *> 4";$.*>4'6 K'(4*('6$.*2 H'-"-.'A #*)KB.%/**, *.#B/*('6$..'A 
R.#'&'%)"4*"A. , H'1?>B R&'+' H("#H'1'D".*2 )6*#"&"1?)&6B:& (">B1?&$&3 .")%'1?%*; 
*))1"#'6$.*A, %'&'(3" H'%$>$1*, -&' EC8 /*(%B1*(B:O"A %('6* 4'+B& H('6'/*('6$&? 
."$#"%6$&.B: $%&*6$/*: H('$H'H&'>.3; HB&"A 6 *44B..3;, RH*&"1*$1?.3; * 
R.#'&"1*$1?.3; %1"&%$; [15]. ='1"" &'+', EC8 )H')'<.3 6'>#"A)&6'6$&? ."H')("#)&6"..' 
.$ %1"&%* H'-"%, .$H(*4"(, .$ H'#'/*&3 * %$.$1?/"63A RH*&"1*A, '%$>36$2 
)&*4B1*(B:O"" 61*2.*" .$ )*.&"> 4"#*$&'('6 6')H$1".*2. I$%*4 '<($>'4, H'2612"&)2 
1'+*-")%'" '<').'6$.*" #12 B#$1".*2 EC8 *> %('6'&'%$ H(* H'4'O* 
R%)&($%'(H'($1?.3; 4"&'#'6, ) H')1"#B:O"A *.$%&*6$/*"A H('$H'H&'>.3; K$%&'('6 ) 
/"1?: H('K*1$%&*%* H'6("D#".*2 H'-"% [16]. =">B)1'6.', H'#'<.3" 1"-"<.3" 
4"('H(*2&*2 ."'<;'#*4' H("#H(*.2&? #' ($>6*&*2 .$(B7".*A KB.%/** H'-"%. 
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!"#$%$&'()*+ - 81D"7. 91&%$:, $0:(#(4+;F*. 31H$4(81()$'%@ * ')(:%"$'%@ 0:* 
'(0'*'( 
U'&2 )BO")&6B"& ($)H(')&($."..'" H("#H'1'D".*", )'+1$).' %'&'('4B R.#'&'%)*. 
2612"&)2 ').'6.34 <$%&"(*$1?.34 &'%)*.'4, '&6"&)&6"..34 >$ ($>6*&*" )*.#('4$ 
)"H&*-")%'+' 7'%$, '<.$(BD".*" R.#'&'%)*.$ 6 %('6'&'%" -"1'6"%$ H(* )"H)*)" .")&'A%' 
%'(("1*('6$1' %$% ) <$%&"(*"4*"A, &$% * ) 6$D.34* %1*.*-")%*4* %(*&"(*24* [17]. 
C'-&* &(* -"&6"(&* 6)"; %1*.*-")%* #*$+.')&*('6$..3; )1B-$"6 )"H&*-")%'+' 7'%$ ) 
'H("#"12"4'A R.#'&'%)"4*"A ;$($%&"(*>B:&)2 '&)B&)&6*"4 #'%B4".&$1?.'+' 
H'#&6"(D#".*2 *.K"%/**, 63>6$..'A +($4'&(*/$&"1?.34* H$&'+"..34* 
4*%(''(+$.*>4$4*. 81"#'6$&"1?.', B('6".? R.#'&'%)*.$ 6 %('6* 4'D"& H'##"(D*6$&?)2 
*1* 6'>($)&$&? #$D" H')1" &'+', %$% >$O*&.3" )*13 '(+$.*>4$ *1* $.&*<*'&*%* (*1* * &', 
* #(B+'") B#$1*1* 6'><B#*&"12 *> %('6'&'%$. ='1"" &'+', B ."%'&'(3; H$/*".&'6 
*#".&*K*%$/*2 R.#'&'%)*.$ 6 %('6* 4'D"& <3&? )62>$.$ ) .$1*-*"4 6.")')B#*)&3; 
*)&'-.*%'6, &$%*; %$% D"1B#'-.'-%*7"-.3A &($%& *1* *>'1*('6$..3" '-$+* *.K"%/**. 0 
.$'<'('&, R.#'&'%)"4*2 .$<1:#$"&)2 ." B 6)"; H$/*".&'6 ) +($4'&(*/$&"1?.'A 
<$%&"(*"4*"A. S&'& K".'4". ;'('7' *>6")&". [18]. ,"('2&.', H(*-*.$ )')&'*& 6 
)1$<'63($D"..'A <$%&"(*"4** * <3)&('4 636"#".** 6)"; )6'<'#.3; R.#'&'%)*.'6 *> 
%('6'&'%$. I$%*4 '<($>'4, *)&'-.*%'4 R.#'&'%)"4** 4'D"& )1BD*&? ."($)H'>.$..$2 
+($4'&(*/$&"1?.$2 <$%&"(*"4*2 *1* H')&BH1".*" R.#'&'%)*.$ *> 6.")')B#*)&3; 
*)&'-.*%'6. , '&1*-*" '& R.#'&'%)"4**, H'1'D*&"1?.3A (">B1?&$& <$%&"(*'1'+*-")%'+' 
H')"6$ %('6* *1* .$1*-*" +($4'&(*/$&"1?.'A <$%&"(*"4** ." )62>$.3 ) %$%*4*-1*<' 
H'%$>$&"124*, B%$>36$:O*4* .$ &2D")&? >$<'1"6$.*2 *1* H('+.'>*(B:O*4* *);'#. M 
1:#"A )"H&*-")%*A 7'% )'H('6'D#$"&)2 ;$($%&"(.34* *>4".".*24* )&(B%&B(3 * 
KB.%/** )"(#"-.'-)')B#*)&'A )*)&"43, 6%1:-$2 .*>%*A B('6".? )*)&"4.'+' )')B#*)&'+' 
)'H('&*61".*2, <'1?7'A 4*.B&.3A )"(#"-.3A 63<('), ($)7*("..B: H'1')&? D"1B#'-%$ 
* ).*D"..B: K($%/*: 63<(')$ 1"6'+' D"1B#'-%$. 8.*D".*" K($%/** 63<(')$ 
'<3%.'6"..' .$<1:#$"&)2 6 &"-".*" H"(63; #6B; #."A H')1" .$-$1$ )"H)*)$. M H$/*".&'6, 
H"("D*67*; <'1"" 7-10 #."A <'1">.*, R&* *>4".".*2 '<($&*43. 
C(* )"H&*-")%'4 7'%" R.#'&'%)"4*2 '<3%.'6"..' )'H('6'D#$"&)2 )BO")&6"..34* 
1$<'($&'(.34*, )"(#"-.'-)')B#*)&34* * %1*.*-")%*4* ')1'D.".*24* )"H)*)$, 6%1:-$2 
1$%&$&-$/*#'>, 4*'%$(#*$1?.B: #*)KB.%/*:, '(+$..B: ."#')&$&'-.')&? * )4"(&?. 
C("#7")&6B:O*" *))1"#'6$.*2 )6*#"&"1?)&6B:&, -&' )&'A%$2 +*H'&".>*2 ('<B)1'61"..$2 
.*>%*4 B('6."4 )*)&"4.'+' )')B#*)&'+' )'H('&*61".*2 *1* &2D"1'A #"H("))*"A 
4*'%$(#$) *1* H'1*'(+$..$2 ."#')&$&'-.')&? 2612:&)2 .$*<'1"" ($)H(')&($."..34* 
H(*-*.$4* )4"(&* H(* )"H&*-")%'4 7'%" [19]. I$%$2 )62>? '&-"&1*6' )6*#"&"1?)&6B"& ' 
&'4, -&' R.#'&'%)*. 2612"&)2 6$D.34 4"#*$&'('4, 'H("#"12:O*4 63)'%B: 
>$<'1"6$"4')&? * )4"(&.')&? H(* )"H&*-")%'4 7'%". 

K:$8("@ O?C * O?C-'8+3781;F(2$ H(4&1 8 0413)( &:$8* 
M('6".? EC8 * EC8-)62>36$:O"+' <"1%$ ($.+1. LPS-binding protein, LBP) 6 H1$>4" %('6* 
2612:&)2 6$D.34* H'%$>$&"124* H(* )"H)*)" * )"H&*-")%'4 7'%". C' #$..34 
*))1"#'6$.*2 Opal * )'$6&. [20], 6 ($4%$; %'&'('+' 6)" B-$)&.*%* )''&6"&)&6'6$1* 
)'+1$)'6$..34 %(*&"(*24 &2D"1'+' )"H)*)$, B 80% H$/*".&'6 <31 #*$+.')&*('6$. 
)"H&*-")%*A 7'%. 8("#.22 '/".%$ H' 7%$1" '/".%* ')&(3; K*>*'1'+*-")%*; * 
;('.*-")%*; *>4".".*A )')&'2.*2 >#'('6?2 II 6"()** ($.+1. Acute Physiology and Chronic 
Health Evaluation II, APACHE II) #')&*+$1$ 26 ± 13,6, $ H'%$>$&"1? '<O"A )4"(&.')&* >$ 28 
#."A #12 6)"A H'HB12/** *))1"#'6$.*2 (n = 253) )')&$6*1 32,4%. , +(BHH" <'1?.3; 
&2D"134 )"H)*)'4 ) H'637"..34 )'#"(D$.*"4 R.#'&'%)*.$ 6 %('6* <31 
>$("+*)&(*('6$. >.$-*&"1?.' <'1?7*A B('6".? )4"(&.')&*, -"4 6 +(BHH" H$/*".&'6, B 
%'&'(3; %'./".&($/*2 R.#'&'%)*.$ 6 %('6* ." H'##$6$1$)? 'H("#"1".*:. !">B1?&$&3 
."%'&'(3; *))1"#'6$.*A )6*#"&"1?)&6B:& ' &'4, -&' B('6".? '<O"A )4"(&.')&* >$ 28-
#."6.3A H"(*'# #')&*+$1 35% 6 H'HB12/** <'1?.3; ) R.#'&'%)"4*"A, * &'1?%' 22% 6 
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H'HB12/** H$/*".&'6, B %'&'(3; H(*>.$%* R.#'&'%)"4** '&)B&)&6'6$1*. N('4" &'+', <31$ 
'&4"-".$ &".#"./*2 % 4".?7"4B 6("4".* 63D*6$.*2 H(* H'637"..'4 )'#"(D$.** 
R.#'&'%)*.$ 6 H1$>4" %('6* (p < 0,05). JH("#"12"43A B('6".? R.#'&'%)*.$ 6 H1$>4" -$O" 
6)&("-$1)2 B <'1?.3; ) )"H&*-")%*4 7'%'4, -"4 B <'1?.3; <"> 7'%$. P12 &$%*; 
H$/*".&'6 <31$ .";$($%&"(.$ %'(("12/*2 4"D#B B('6."4 R.#'&'%)*.$ * B('6."4 LBP 6 
)*)&"4.'4 %('6'&'%". 
8BO")&6"..$2 )62>? 4"D#B &*H'4 6'><B#*&"12 )"H&*-")%'+' H('/"))$ * %'./".&($/*"A 
R.#'&'%)*.$ *1* LBP 6 H1$>4" %('6* &$%D" '&)B&)&6'6$1$. , /"1'4, B <'1?.3; ) 
H'#&6"(D#"..34 +($4'&(*/$&"1?.34 <$%&"(*$1?.34 )"H)*)'4 )'#"(D$.*" R.#'&'%)*.$ 
* LBP 6 H1$>4" %('6* <31' &$%*4 D", %$% B H$/*".&'6 ) +($4H'1'D*&"1?.34 
<$%&"(*$1?.34 )"H)*)'4 *1* )"H)*)'4, 63>6$..34 +(*<$4*. S&' *))1"#'6$.*" H'%$>$1', 
-&' H(* )"H)*)" R.#'&'%)*. >$-$)&B: '<.$(BD*6$"&)2 6 )*)&"4.'4 %('6'&'%", .">$6*)*4' 
'& &*H$ 6'><B#*&"12. , ."%'&'(3; )1B-$2; R.#'&'%)"4*2 4'+1$ <3&? 63>6$.$ 
."($)H'>.$..'A +($4'&(*/$&"1?.'A *.K"%/*"A *1* <$%&"(*24*, '<*&$:O*4* 6 
D"1B#'-.'-%*7"-.'4 &($%&" [21]. C("#H'1$+$"&)2, -&' &($.)1'%$/** 6'><B#*&"12 *> 
H(')6"&$ %*7"-.*%$ 6 )*)&"4.3A %('6'&'% )H')'<)&6B:& &$%*" K$%&'(3, %$% 
("+*'.$1?.$2 +*H'H"(KB>*2 * *7"4*2 )1*>*)&3; '<'1'-"% [21, 22]. 

,6"#".*" R.#'&'%)*.$ 6 '(+$.*>4 D*6'&.3; * >#'('63; 1:#"A H(*6'#*& % $%&*6$/** 
)*+.$1?.'+' %$)%$#$, $.$1'+*-.'+' &$%'6'4B H(* )"H)*)". ,3($D"..$2 ("$%/*2 4'D"& 
H(*6")&* % '(+$..'A #*)KB.%/**. I"4 ." 4"."", B('6".? '(+$..'A #*)KB.%/** ." 
'<1$#$"& H(24'A 6>$*4')62>?: ) %'1*-")&6'4 EC8, 66"#"..'+' 6 '(+$.*>4 [23]. 
0))1"#'6$.*2, 63H'1."..3" in vivo, H'%$>$1*, -&' '&%1*% '(+$.*>4$ -"1'6"%$ .$ 
H'H$#$.*" R.#'&'%)*.$ >$6*)*& '& +"."&*-")%*; ')'<"..')&"A * H'1'6'A H(*.$#1"D.')&* 
[24]. 8'+1$).' (">B1?&$&$4 %1*.*-")%'+' &")&*('6$.*2, B('6".? R.#'&'%)*.$ .$ 4'4".& 
+')H*&$1*>$/** 6 '&#"1".*" *.&".)*6.'A &"($H** (J0I) H('+.'>*(B"& K'(4*('6$.*" 
'(+$..'A #*)KB.%/** B <'1?.3; )"H)*)'4 [25]. S.#'&'%)"4*2 7*('%' ($)H(')&($.".$ B 
&2D"1'<'1?.3; H$/*".&'6, * ) &"-".*"4 6("4".* B('6".? R.#'&'%)*.$ 6 %('6* 6$(?*(B"& 
[22, 26]. 
M('6".? R.#'&'%)*.$ 6 %('6* >#'('6'+' -"1'6"%$ &O$&"1?.' ("+B1*(B"&)2 H')("#)&6'4 
63)'%'>$O*O"..3; 4";$.*>4'6, %'&'(3" '<")H"-*6$:& )62>36$.*" ) R.#'&'%)*.'4, 
'H'6"O".*" ' H(*)B&)&6** R.#'&'%)*.$ 6 '(+$.*>4", $ &$%D" H')1"#B:O"" "+' B#$1".*". 
C(";'#2O$2 R.#'&'%)"4*2 .$<1:#$"&)2 * B >#'('63; 1:#"A, .$H(*4"(, B 4$($K'./"6, 
H('K"))*'.$1?.3; $&1"&'6 *1* %B(*1?O*%'6 [27, 28]. I"4 ." 4"."", H(* H$&'1'+** 
4";$.*>43 6>$*4'#"A)&6*2 ) R.#'&'%)*.'4 4'+B& '&1*-$&?)2, H')%'1?%B 6')H$1*&"1?.3A 
'&6"& * H('6'/*(B:O"" "+' H'6("D#".*" ($>'<O$:&)2. !$>'<O".*" ("+B12&'(.3; 
4";$.*>4'6 .$(2#B ) H('#'1D$:O"A)2 &($.)1'%$/*"A R.#'&'%)*.$ %*7"-.3; <$%&"(*A 
4'D"& )H')'<)&6'6$&? %'1"<$.*24 "+' %'./".&($/** B ."%'&'(3; H$/*".&'6. N('4" &'+', 
."H')&'2.)&6' %'./".&($/** 4'D"& <3&? )62>$.' ) ."%'.&('1*(B"434 * 
("/*#*6*(B:O*4 &"-".*"4 +($4'&(*/$&"1?.'+' )"H)*)$. 

862>? H"(*'#*-")%'+' 6'>#"A)&6*2 R.#'&'%)*.$ ) -(">4"(.34 * ."%'.&('1*(B"434 
)*)&"4.34 6')H$1*&"1?.34 '&6"&'4 H(* H'1*'(+$..'A ."#')&$&'-.')&* H("#)&$612"&)2 
6")?4$ H($6#'H'#'<.'A. W)1* 6$(?*('6$.*" B('6.2 R.#'&'%)*.$ 63)&BH$"& ." &'1?%' 6 
('1* 4$(%"($ H('#'1D$:O"+')2 H'6("D#".*2, .' * 6 ('1* 4"#*$&'($, ." *)%1:-".', -&' 
B#$)&)2 'H("#"1*&? 63($D"..')&? )''&6"&)&6B:O*; %'1"<$.*A, $ &$%D" ("+B1*('6$&? 
R&'& H('/")). ='1"" 7*('%'" H'.*4$.*" %*."&*%* *>4".".*A B('6.2 R.#'&'%)*.$ H(* 
&2D"1'A H$&'1'+** 4'D"& '%$>$&? H'1'D*&"1?.'" 61*2.*" .$ 'H("#"1".*" 6("4".* * /"1* 
)H"/*K*-")%'A $.&*R.#'&'%)*.'6'A &"($H** [29]. 

Q*12"$'%*-('&$( * 0:$2"$'%*-('&$( 3"1-("*( ,"#$%$&'()** 0:* %+D(4$. 01%$4$2** 
U'&2 R.#'&'%)*. ($)H(')&($.". H'6)"4")&.', ;'('7' *>6")&". &'& K$%&, -&' #')&'6"(.' 
'H("#"1*&? "+' )'#"(D$.*" B <'1?.'+' -"1'6"%$ >$&(B#.*&"1?.'. F$*<'1"" 
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($)H(')&($."..3A #*$+.')&*-")%*A 4"&'# - ;('4'+"..3A $.$1*>, ').'6$..3A .$ 
H(*4".".** 1*>$&$ $4"<'/*&'6 4"-";6')&$, 7*('%' H(*4".2"&)2 #12 *#".&*K*%$/** 
R.#'&'%)*.$ 6 1"%$()&6"..3; H("H$($&$; * D*#%*; )("#$;. I"4 ." 4"."", H(*4".*4')&? 
R&'+' 4"&'#$ #12 $.$1*>$ <*'1'+*-")%*; H('< '+($.*-".$ [30] 6 )62>* ) H(*)B&)&6*"4 
*.+*<*&'('6 %'$+B12/*'..'A ("$%/** 6 )*)&"4.'4 %('6'&'%". ='1"" &'+', #(B+*" 
H('#B%&3 D*>."#"2&"1?.')&* 4*%(''(+$.*>4'6 (.$H(*4"(, +(*<'6) &$%D" )H')'<.3 
$%&*6*('6$&? ("$%/*:, 1"D$OB: 6 ').'6" R&'+' #*$+.')&*-")%'+' 4"&'#$. I$%*4 '<($>'4, 
R&'& &")& .")H"/*K*-". #12 R.#'&'%)*.$. T($4'&(*/$&"1?.$2 *.K"%/*2 2612"&)2 '#.'A *> 
4.'+*; #(B+*; H(*-*. R.#'&'%)"4**. U'&2 H' #$..34 %'+'(&.3; *))1"#'6$.*A 
4*%('<*'1'+*-")%* H'#&6"(D#"..$2 *.K"%/*2 6)&("-$"&)2 ."-$)&', .$ 4'4".& 
+')H*&$1*>$/** 6 J0I R.#'&'%)"4*2 H(*)B&)&6B"& B <'1?7*.)&6$ H$/*".&'6. 

, ($4%$; %'+'(&.'+' *))1"#'6$.*2 Marshall * )'$6&. [25] *)H'1?>'6$1* .'63A &")& .$ 
$%&*6.')&? R.#'&'%)*.$ (9S), %'&'(3A )$.%/*'.*('6$. MH($61".*"4 H' %'.&('1: 
%$-")&6$ H*O"63; H('#B%&'6, 4"#*%$4".&'6 * %')4"&*-")%*; )("#)&6 85A ($.+1. Food 
and Drug Administration, FDA). !">B1?&$&3 R&'+' *))1"#'6$.*2 )6*#"&"1?)&6B:&, -&' 
B('6".? 9S )')&$6121 <0,40 B 367 H$/*".&'6 (42,8% H'HB12/**), 0,40-0,60 B 228 
H$/*".&'6 (26,6% H'HB12/**), * >0,60 B 262 H$/*".&'6 (30,6% H'HB12/**). I$%*4 
'<($>'4, .$ 4'4".& +')H*&$1*>$/** 6 J0I B <'1?7*.)&6$ H$/*".&'6 B('6".? 
R.#'&'%)*.$ 6 %('6* <31 H'637".. N(*&"(*24 &2D"1'+' )"H)*)$ .$ 4'4".& 
+')H*&$1*>$/** )''&6"&)&6'6$1* 74 H$/*".&$ (8,6% %'+'(&3 *))1"#'6$.*2). M('6".? 
)4"(&.')&* 6 J0I 6 +(BHH" <'1?.3; )"H)*)'4 <31 637", -"4 6 +(BHH" H$/*".&'6 <"> 
)"H)*)$ ()''&6"&)&6"..', 32,4% H('&*6 11,5%; ( < 0,001). M('6".? 9S <31 >.$-*&"1?.' 
637" B &"; H$/*".&'6, %'&'(3" B#'61"&6'(21* %(*&"(*24 &2D"1'+' )"H)*)$ 
()''&6"&)&6"..', 0,57 ± 0,26 H('&*6 0,46 ± 0,26 "#*.*/; ( < 0,001). N('4" &'+', (*)% 
&2D"1'+' )"H)*)$ 6'>($)&$1 H(* B6"1*-".** B('6.2 9S. C'HB12/*2 <'1?.3; ) 
R.#'&'%)"4*"A ;$($%&"(*>'6$1$)? H'637"..'A )4"(&.')&?: 6 J0I, $ &$%D" H'637"..'A 
6.B&(*<'1?.*-.'A )4"(&.')&?:. C('#'1D*&"1?.')&? H("<36$.*2 6 J0I '%$>$1$)? 
.")%'1?%' <'1?7"A B H$/*".&'6 ) B('6."4 9S >0,60 .$ 4'4".& H')&BH1".*2 6 J0I 
()''&6"&)&6"..', 6,8 ± 12,2 H('&*6 4,9 ± 10,7 #.2; ( < 0,05). , &' D" 6("42, B H$/*".&'6 ) 
B4"("..34 *1* 63)'%*4 B('6."4 R.#'&'%)*.$ .$ 4'4".& +')H*&$1*>$/** 6 J0I 
>$<'1"6$.*" H('&"%$1' >$4"&.' &2D"1"", ' -"4 )6*#"&"1?)&6B"& <'1"" 63)'%$2 '/".%$ H' 
7%$1" APACHE II .$ 4'4".& H')&BH1".*2, $ &$%D" <ó1?7$2 ($)H(')&($."..')&? &2D"1'+' 
)"H)*)$. ='1"" &'+', 6 H'HB12/** <'1?.3; ) 4$%)*4$1?.34 B('6."4 R.#'&'%)*.$ 6 
/*(%B1*(B:O"A %('6* <31 )BO")&6"..' H'637". (*)% )4"(&* H$/*".&$ .$ 4'4".& 
H("<36$.*2 6 J0I. I$%*4 '<($>'4, .$1*-*" R.#'&'%)"4** 'H("#"12"& H'#+(BHHB 
H'637"..'+' (*)%$, H("#)&$61"..B: &2D"1'<'1?.34* H$/*".&$4*. 
I'+#$ %$% 6 .$)&'2O"" 6("42 '&)B&)&6B:& )6"#".*2 ' &'4, 4'D.' 1* ).*>*&? H'637"..3A 
(*)% )4"(&* <1$+'#$(2 *)H'1?>'6$.*: )H"/*$1?.3; 4"(, .$H($61"..3; .$ ."A&($1*>$/*: 
R.#'&'%)*.$, &$%$2 +*H'&">$ 6")?4$ H(*61"%$&"1?.$. !">B1?&$&3 *))1"#'6$.*A, 
63H'1."..3; ) B-$)&*"4 1$<'($&'(.3; D*6'&.3;, )6*#"&"1?)&6B:& 6 H'1?>B 
H$&'+"."&*-")%'A ('1* H'637"..'A %'./".&($/** R.#'&'%)*.$. N('4" &'+', 
H("#7")&6B:O*A $.$1*> (">B1?&$&'6 *))1"#'6$.*A ."A&($1*>$/** R.#'&'%)*.$ H(* 
)"H)*)" B -"1'6"%$ H'%$>$1, -&' .$*<'1"" 63($D"..'+' H'1'D*&"1?.'+' RKK"%&$ 4'D.' 
'D*#$&? B <'1?.3; ) R.#'&'%)"4*"A, &'+#$ %$% H$/*".&$4 ) *.K"%/*"A, 63>6$..'A 
4*%(''(+$.*>4$4*, %'&'(3" ." '&.')2&)2 % -*)1B +($4'&(*/$&"1?.3;, H'#'<.'" 
64"7$&"1?)&6' 4'D"& H(*-*.*&? 6("# [31]. 
R(4("10:184(""$( ,&'%:1&$:0$:14@"$( 4(-("*( ,"#$%$&'()** 
J& 4'4".&$ '&%(3&*2 R.#'&'%)"4** *>6")&.', -&', .">$6*)*4' '& *)&'-.*%$, H(*)B&)&6*" 
R.#'&'%)*.$ 6 )*)&"4.'4 %('6'&'%" )'H('6'D#$"&)2 '(+$..'A #*)KB.%/*"A * 
H'637"..34 (*)%'4 )4"(&* &2D"1'<'1?.3; H$/*".&'6 [25]. N('4" &'+', ) &"-".*"4 
6("4".* B('6".? R.#'&'%)*.$ 6 %('6* H$/*".&'6 6$(?*(B"&. S&' B%$>36$"& .$ 
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6'1.''<($>.'" H')&BH1".*" R.#'&'%)*.$ 6 (">B1?&$&" *.K"%/*'..'+' H('/"))$ *1* 
&($.)1'%$/** *> H(')6"&$ %*7"-.*%$. I"4 ." 4"."", .")4'&(2 .$ H'261".*" .'63; 
4"&'#'6 '<.$(BD".*2 R.#'&'%)*.$, 1"-"<.3" 4"('H(*2&*2 6")?4$ '+($.*-".3. E"-".*" 
<$%&"(*$1?.'A *.K"%/** ').'6$.' .$ H(*4".".** $.&*<$%&"(*$1?.3; H("H$($&'6, &'+#$ 
%$% RKK"%&*6.3" 4"&'#3 6'))&$.'61".*2 <$(?"(.'A KB.%/** %*7"-.*%$ '&)B&)&6B:&. 
='1"" &'+', 4.'+*" $.&*<*'&*%* 63>36$:& #'H'1.*&"1?.'" 63)6'<'D#".*" R.#'&'%)*.$ 
6)1"#)&6*" +*<"1* 6'><B#*&"12. 

9.&*R.#'&'%)*.'6$2 &"($H*2, H'#'<.' $.&*R.#'&'%)*.'634 $.&*&"1$4 (HA-1A *1* W5), 
." 'H($6#$1$ 6'>1'D"..3; .$ ."" .$#"D#. C(* 1"-".** H$/*".&'6 ) H'#&6"(D#"..34 
+($4'&(*/$&"1?.34 )"H)*)'4 H("*4BO")&6$ R&'+' 4"&'#$ ." H'#&6"(#*1*)?. C'1*4*%)*. 
, - R&' ;'('7' *>6")&.3A $.&*<*'&*%, %'&'(3A '<1$#$"& 63)'%*4 )('#)&6'4 % 
R.#'&'%)*.B * )H')'<". "+' ."A&($1*>'6$&?. 8*)&"4.'" H(*4".".*" H'1*4*%)*.$ , 
'+($.*-*6$"&)2 "+' ."A('&'%)*-.')&?: * ."K('&'%)*-.')&?:. 8 1994 +'#$ H'1*4*%)*. , 
*)H'1?>B"&)2 6 *44'<*1*>*('6$..'4 )')&'2.** - 6 )'"#*.".** ) H'1*)&*('1'634* 
6'1'%.$4*. , ($4%$; +"4'H"(KB>*'..'A &"($H** *44'<*1*>*('6$..3A H'1*4*%)*. , 
)H')'<". RKK"%&*6.' )62>36$&?)2 ) R.#'&'%)*.'4 %$% in vitro, &$% * in vivo. S&'& 4"&'# 
.$-$1 H(*4".2&?)2 6 ]H'.** 6 1994 +'#B. =1$+'#$(2 "+' *)H'1?>'6$.*: <31* *>1"-".3 
&3)2-* H$/*".&'6. N )'D$1".*:, .")4'&(2 .$ ($)H(')&($."..'" H(*4".".*" 6 ]H'.**, 
RKK"%&*6.')&? +"4'H"(KB>*'..'A &"($H** .$ ').'6" H'1*4*%)*.$ , ." <31$ 
H'#&6"(D#".$ 6 ($4%$; %(BH.3; ($.#'4*>*('6$..3; *))1"#'6$.*A. 
I"4 ." 4"."", .")%'1?%' ."<'1?7*; *))1"#'6$.*A 6)" D" <31* 63H'1.".3. , 
<'1?7*.)&6" )1B-$"6, 6 R&*; *))1"#'6$.*2; *>B-$1*)? $.$1'+*-.3" +(BHH3 H$/*".&'6. , 
($4%$; ."#$6."+' )*)&"4$&*-")%'+' '<>'($ Cruz * )'$6&. [32] *#".&*K*/*('6$1* 28 
HB<1*%$/*A (6%1:-$2 HB<1*%$/** (">B1?&$&'6 ($.#'4*>*('6$..3; %'.&('1*(B"43; 
*))1"#'6$.*A), H')62O"..3; *)H'1?>'6$.*: +"4'H"(KB>*'..'A &"($H** ) H'1*4*%)*.'4 
, ) /"1?: 1"-".*2 )"H)*)$ * )"H&*-")%'+' 7'%$. T"4'H"(KB>*'..$2 &"($H*2 ) 
H'1*4*%)*.'4 , ;$($%&"(*>'6$1$)? >.$-*&"1?.' 4".?7"A )4"(&.')&?: H' )($6.".*: ) 
&($#*/*'..34* 4"&'#$4* 1"-".*2 ('&.')*&"1?.3A (*)%: 0,53, 95% P0: 0,43-0,65). 
8BO")&6"..$2 ($>.*/$ &$%D" >$&($+*6$1$ #'H'1.*&"1?.3" H'%$>$&"1* RKK"%&*6.')&*, 
&$%*" %$% B6"1*-".*" )("#."+' $(&"(*$1?.'+' #$61".*2, B4".?7".*" #'>3 6$>'H("))'('6, 
$ &$%D" B6"1*-".*" '&.'7".*2 )("#."+' H$(/*$1?.'+' #$61".*2 %*)1'('#$ 6 
$(&"(*$1?.'A %('6* % K($%/*'..'A %'./".&($/** %*)1'('#$ 6' 6#3;$"4'4 6'>#B;". , 
/"1'4, +"4'H"(KB>*'..$2 &"($H*2 ) H'1*4*%)*.'4 , '%$>36$"& <1$+'H(*2&.'" 61*2.*" 
.$ 63D*6$"4')&? * +"4'#*.$4*%B. 96&'(3 H'1$+$:&, -&' ."'<;'#*4' H('6")&* 
#'H'1.*&"1?.3" &O$&"1?.3" *))1"#'6$.*2 R&'+' 6*#$ &"($H**. 

8'6)"4 ."#$6.' &" D" $6&'(3 )''<O*1* (">B1?&$&3 4.'+'/".&('6'+' 
($.#'4*>*('6$..'+' %'.&('1*(B"4'+' *))1"#'6$.*2, 63H'1."..'+' 6 H'HB12/** <'1?.3; 
)"H&*-")%*4 7'%'4, ')1'D.*67*4 &"-".*" $<#'4*.$1?.'A *.K"%/** [33]. 96&'(3 
63H'1.*1* H(')H"%&*6.3A $.$1*> * )''<O*1* ' &'4, -&' #12 H$/*".&'6, %'&'(3" H('71* 
#6$ )"$.)$ +"4'H"(KB>** ) H'1*4*%)*.'4 ,, <31 >$("+*)&(*('6$. 1B-7*A *);'#, -"4 #12 
H$/*".&'6, %'&'(3" H'1B-$1* &"($H*:, )''&6"&)&6B:OB: )'6("4"..34 )&$.#$(&$4 
%1*.*-")%'A H($%&*%*. !">B1?&$&3 R&'+' *))1"#'6$.*2 '&%(36$:& .'63" H'#;'#3 % 
'/".%" R&'+' 4"&'#$ 1"-".*2 6 #(B+*; H'HB12/*2; <'1?.3; ) R.#'&'%)*.-'H')("#'6$..34 
)"H&*-")%*4 7'%'4. , #"A)&6*&"1?.')&*, B-*&36$2 H1';*" *);'#3 )"H)*)$, 
'<B)1'61"..3" R.#'&'%)"4*"A, +"4'H"(KB>*2 ) H'1*4*%)*.'4 , #'1D.$ B)H"7.' 
H(*4".2&?)2, ')'<"..' &"H"(?, %'+#$ H'26*1*)? <'1"" )'6"(7"..3" 4"&'#3 
*#".&*K*%$/** R.#'&'%)"4**. 81"#'6$&"1?.', H(*71' 6("42 H'#&6"(#*&? ."#$6.' 
'HB<1*%'6$..3", 4.'+''<"O$:O*" #$..3" HB&"4 H('6"#".*2 #')&$&'-.' 4'O.3; 
*))1"#'6$.*A, $ &$%D" K'(4*('6$.*2 %1*.*-")%*; ("")&('6, 6 %'&'(3; <B#B& 
K*%)*('6$&?)2 )6"#".*2 ' #*$+.')&*-")%*; * 1"-"<.3; 4"('H(*2&*2;, )62>$..3; ) 
)*.#('4$4*, 'H')("#'6$..34* #"A)&6*"4 R.#'&'%)*.$. 
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I"'("&*-")%*" #$..3" )6*#"&"1?)&6B:& 6 H'1?>B *)H'1?>'6$.*2 R%)&($%'(H'($1?.3; 
4"&'#'6 6 &"; )1B-$2;, %'+#$ #(B+*" 4"&'#3 1"-".*2 '%$>$1*)? ."RKK"%&*6.34*. 
J<').'6$.*" #12 H(*4".".*2 R&*; 4"&'#'6 H'1.')&?: )'+1$)B"&)2 ) R%)H"(*4".&$1?.34* 
#$..34*, %'&'(3" <31* H'1B-".3 6 ($4%$; *))1"#'6$.*A, 63H'1."..3; ) B-$)&*"4 
-"1'6"%$ * 1$<'($&'(.3; D*6'&.3;. L"&'#*%$ H(')&$, <">'H$).$ * #')&BH.$ #12 
7*('%'+' H(*4".".*2. F'63A ("/"H& 6%1:-$"& 6)" *.+("#*".&3, ."'<;'#*43" #12 &'+', 
-&'<3 #')&*-? B)H";$. 

C'74&* 
1. Lowry SF: Human endotoxemia: a model for mechanistic insight and therapeutic targeting. Shock 

2005;24(Suppl 1):94-100. 

2. Suffredini AF, Shelhamer JH, Neumann RD, Brenner M, Baltaro RJ, Parillo JE: Pulmonary and oxygen 
transport effects of intravenously administered endotoxin in normal humans. Am Rev Respir Dis 
1992;145:1398-1403. 

3. Smith PD, Suffredini AF, Allen JB, Wahl LM, Parillo JE, Wahl SM: Endotoxin administration to humans 
primes alveolar macrophages for increased production of inflammatory mediators. J Clin Immunol 
1994;14:141-148. 

4. Richardson RP, Rhyne CD, Fong Y, Hesse DG, Tracey KJ, Marano MA, Lowry SF, Antonacci AC, Calvano 
SE: Peripheral blood leukocyte kinetics following in vivo lipopolysaccharide (LPS) administration to normal 
human subjects: influence of elicited hormones and cytokines. Ann Surg 1989;210:239-245. 

5. Suffredini AF, Fromm RE, Parker MM, Brenner M, Kovacs JA, Wesley RA, Parrillo JE: the cardiovascular 
response of normal humans to the administration of endotoxin. N Engl J Med 1989;321:280-287. 

6. Aras O, Shet A, Bach RR, Hysjulien JL, Slungaard A, Hebbel RP, Escol G, Jilma B, Key NS: Induction of 
microparticle- and cell-associated intravascular tissue factor in human endotoxemia. Blood 2004;103:4545-
4553. 

7. Kumar A, Thota V, Dee L, Olson J, Uretz E, Parillo JE: Tumor necrosis factor-alpha and interleukin 1-beta are 
responsible for in vitro myocardial cell depression induced by human septic shock serum. J Exp Med 
1996;183:949-958. 

8. Giroir BP, Johnson JH, Brown T, Allen GL, Beutler B: The tissue distribution of tumor necrosis factor 
biosynthesis during endotoxemia. J Clin Invest 1992;90:693-698. 

9. Meldrum DR: Tumor necrosis factor in the heart. Am J Physiol 1998;274:R577-R595. 

10. Smith PD, Suffredini AF, Allen JB, Wahl LM, Parillo JE, Wahl SM: Endotoxin administration to humans 
primes alveolar macrophages for increased production of inflammatory mediators. J Clin Immunol 
1994;14:141-148. 

11. Jo SK, Cha DR, Cho WY, Kim HK, Chang KH, Yun SY, Won NH: Inflammatory cytokines and 
lipopolysaccharide induce Fas-mediated apoptosis in renal tubular cells. Nephron 2002;91:406-415. 

12. Guo R, Wang Y, Minto AW, Quigg RJ, Cunningham PN: Acute renal failure in endotoxemia is dependent on 
caspase activation. J Am Soc Nephrol 2004;15:3093-3102. 

13. Wesche-Soldato DE, Swan RZ, Chung CS, Ayala A: The apoptotic pathway as a therapeutic target in sepsis. 
Curr Drug Targets 2007;8:493-500. 

14. Bordoni V, Bolgan I, Brendolan A, Crepaldi C, Gastaldon F, D'Intini V, Pilotto L, Inguaggiato P, Bonello M, 
Galloni E, Everard P, Bellomo R, Ronco C: Caspase-3 and -8 activation and cytokine removal with a novel 
cellulose triacetate superpermeable membrane in an in vitro sepsis model. Int J Artif Organs 2003;26:897-905. 

15. Camussi G, Mariano F, Biancone L, De Martino A, Bussolati B, Montrucchio G, Tobias PS: 
Lipopolysaccharide binding protein and CD14 modulate the synthesis of platelet-activating factor by human 
monocytes and mesangial and endothelial cells stimulated with lipopolysaccharide. J Immunol 1995;155:316-
324. 

16. Cantaluppi V, Assenzio B, Pasero D, Romanazzi GM, Pacitti A, Lanfranco G, Puntorieri V, Martin EL, Mascia 
L, Monti G, Casella G, Segoloni GP, Camussi G, Ranieri VM: Polymyxin-B hemoperfusion inactivates 
circulating proapoptotic factors. Intensive Care Med 2008;34:1638-1645. 

17. Stumacher RJ, Kovnat MJ, McCabe WR: Limitations of the usefulness of the limulus assay for endotoxin. N 
Engl J Med 1973;283:1261-1264. 



31                              S%)&($%'(H'($1?.'" B#$1".*" R.#'&'%)*.$ H(* )"H)*)". !'.%' · C*--*..* · NR11B4 

18. Jorgensen JH: Clinical applications of the limulus amebocyte lysate test; in Proctor RA (ed): Clinical Aspects 
of Endotoxin Shock: Handbook of Endotoxin. Amsterdam, Elsevier, 1986, vol 4, pp 127-160. 

19. Herring WB, Herion JC, Walker RI, Palmer JG: Distribution and clearance of circulating endotoxin. J Clin 
Invest 1963;43:79-87. 

20. Opal SM, Scannon OJ, Vincent JL, White M, Carroll SF, Palardy JE, Parejo NA, Pribble JP, Lemke JH: 
Relationship between plasma levels of LPS and LPS-binding protein in patients with severe sepsis and septic 
shock. J Infect Dis 1999;180:1584-1589. 

21. Hurley JC: Endotoxemia: methods of detection and clinical correlates. Clin Microbiol Rev 1995;8:268-292. 

22. Danner RL, Elin RJ, Hosseini JM, Wesley RA, Reilly JM, Parillo JE: Endotoxemia in human septic shock. 
Chest 1991;99:169-175. 

23. Stephens RC, O'Malley CM, Frumento RJ, et al: Low-dose endotoxin elicits variability in the inflammatory 
response in healthy volunteers. J Endotoxin Res 2005;11:207-212. 

24. Coyle SM, Calvano SE, Lowry SF: Gender influences in vivo human responses to endotoxin. Shock 
2006;26:538-543. 

25. Marshall JC, Foster D, Vincent JL, et al: Diagnostic and prognostic implications of endotoxemia in critical 
illness: results of the MEDIC study. J Infect Dis 2004;190:527-534. 

26. Klein DJ, Derzko A, Foster D, Seely AJE, Brunet F, Romaschin AD, Marshall JC: Daily variation in endotoxin 
levels is associated with increased organ failure in critically ill patients. Shock 2007;28:524-529. 

27. Brock-Utne JG, Gaffin SL, Wells MT, et al: Endotoxaemia in exhausted runners after a long-distance race. S 
Afr Med J 1988;73:533-536. 

28. Hasday JD, Bascom R, Costa JJ, et al: Bacterial endotoxin is an active component of cigarette smoke. Chest 
1999;115:829-835. 

29. Opal SM, Gluck T: Endotoxin as a drug target. Crit Care Med 2003;31(Suppl 1):57-64. 

30. Cohen J: The detection and interpretation of endotoxemia. Intensive Care Med 2000;26(Suppl 1):S51-S56. 

31. Ziegler EJ, Fisher CJ, Sprung CL, et al: Treatment of Gram-negative bacteremia and septic shock with HA-1A 
human monoclonal antibody against endotoxin. A randomized, double-blind, placebo-controlled trial. The HA-
1A Sepsis Study Group. N Engl J Med 1991;324:429-436. 

32. Cruz DN, Perazella MA, Bellomo R, de Cal M, Polanco N, Corradi V, Lentini P, Nalesso F, Ueno T, Ranieri 
VM, Ronco C: Effectiveness of polymyxin B-immobilized fiber column in sepsis: a systematic review. Critical 
Care 2007;11:R47. 

33. Cruz DN, Antonelli M, Fumagalli R, et al: Early use of polymyxin B hemoperfusion in abdominal septic 
shock: the EUPHAS randomized controlled trial. JAMA 2009;301: 2445-2452. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
N1$B#*' !'.%', #'%&'( 4"#*/*.3 
J&#"1".*" ."K('1'+**, #*$1*>$ * &($.)H1$.&$/**, <'1?.*/$ 8$.-='(&'1' 
,*$1" !'#'1?K* 37 
IT-36100, +. ,*-"./$ (0&$1*2) 
I"1"K'.: +39 0 444993869. @$%): +39 0 444993949. 
S1"%&('..$2 H'-&$: cronco@goldnet.it 



32                          N$(&(*#D ) *44'<*1*>*('6$..34 H'1*4*%)*.'4 ,. IR.* · 5'#D* · TB$#$.?* · C"("+' 

!&'%:1&$:0$:14@"$( 6#14("*( ,"#$%$&'*"1: %($:*+ * %(I"$4$2*+ 
=*<1*'+($K*-")%$2 ))31%$: Ronco C, Piccinni P, Rosner MH (eds): Endotoxemia and 
Endotoxin Shock: Disease, Diagnosis and Therapy. Contrib Nephrol. Basel, Karger, 2010, vol 
167, pp 35-44 

 

!&'%:1&$:0$:14@"$( 6#14("*( ,"#$%$&'*"1: &1:%:*#D ' 
*))$H*4*3*:$81""7) 0$4*)*&'*"$) J 
I'(B IR.*$ · U*)$&$%$ 5'#D*< · TB$1&*"(' TB$#$.?*6 · 9.#D"1' C"("+'+ 
$ J&#"1".*" ;*(B(+**, M.*6"()*&"& 4"#*/*.)%*; .$B% H("K"%&B(3 8*+$, +. J/B 
< J&#"1".*" ."'&1'D.'A H'4'O* * ("$.*4$/**, I'(RA L"#*%$1 N'4H$.* 1*4*&"#, +. I'%*', ]H'.*2 
6 ESTOR S.p.A., +. L*1$. 
+ U.O.C Nefrologia e Dialisi, <'1?.*/$ +. L'.)"1*-", 0&$1*2 
 

>(9(:1% 
S.#'&'%)*. - R&' 1*H'H'1*)$;$(*# (EC8), %'&'(3A 2612"&)2 %'4H'.".&'4 6."7."A 
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*.K"%/*'..'+' '-$+$ *1* *> H(')6"&$ D"1B#'-.'-%*7"-.'+' &($%&$, R.#'&'%)*. *+($"& 
6$D.B: ('1? 6 H$&'+".">" &2D"1'+' )"H)*)$ * )"H&*-")%'+' 7'%$. J. 6)&BH$"& 6' 
6>$*4'#"A)&6*" ) 4'.'/*&$4* * 4$%('K$+$4*. , (">B1?&$&" 6>$*4'#"A)&6*2 R&* %1"&%* 
$%&*6*(B:&)2 * .$-*.$:& 63($<$&36$&? ($>.''<($>.3" 4"#*$&'(3. 8*.&">*('6$..3" 
4"#*$&'(3 H'6("D#$:& %1"&%* R.#'&"1*2, -&' H(*6'#*& % K'(4*('6$.*: .$(B7".*A 
4*%('/*(%B12/**. N$% )1"#)&6*" ($>6*6$"&)2 H'1*'(+$..$2 ."#')&$&'-.')&?. 
F"A&($1*>$/*2 * B#$1".*" R.#'&'%)*.$ *> )*)&"4.'+' %('6'&'%$ 2612:&)2 
H"()H"%&*6.34* H'#;'#$4* % 1"-".*: &2D"1'+' )"H)*)$ * )"H&*-")%'+' 7'%$. 
8"1"%&*6.$2 )'(<".&.$2 &"($H*2, .$H($61"..$2 .$ R1*4*.$/*: R.#'&'%)*.$, H(*4".2"&)2 
6 %1*.*-")%*; B)1'6*2; <'1"" 15 1"&. S&'& 4"&'# H'1B-*1 H("*4BO")&6"..'" 
($)H(')&($.".*" 6 ]H'.**. C'>D" '. .$-$1 *)H'1?>'6$&?)2 6 0&$1** * 6 #(B+*; )&($.$;. 
, .$)&'2O"" 6("42 #')&BH". %$(&(*#D #12 )"1"%&*6.'+' B#$1".*2 R.#'&'%)*.$ *> %('6*, 
%'&'(3A .')*& .$>6$.*" Toraymyxin™ (PMX; %'4H$.*2 I'(RA, +. I'%*', ]H'.*2). PMX 
H("#)&$612"& )'<'A H'1*4*%)*. , (CL-,), %'6$1".&.' )62>$..3A ) H'1*)&*('1'634* 
6'1'%.$4*. J<O"*>6")&.', -&' CL-, )H')'<". 6)&BH$&? 6' 6>$*4'#"A)&6*" ) 
R.#'&'%)*.'4, $ &$%D" &', -&' '. '<1$#$"& <$%&"(*/*#.'A $%&*6.')&?:. P12 CL-, 
;$($%&"(.$ 63)'%$2 )&"H".? )('#)&6$ % R.#'&'%)*.B. 0'..3A * +*#('K'<.3A 4";$.*>43 
H'>6'12:& CL-, )62>36$&?)2 ) 1*H*#'4 9 R.#'&'%)*.$. ,.B&(*6"..'" 66"#".*" CL-, 
;$($%&"(*>B"&)2 63($D"..34* ."K('&'%)*-")%*4* * ."A('&'%)*-")%*4* RKK"%&$4*. , 
&' D" 6("42, CL-,, %'6$1".&.' )62>$..3A ) )'(<".&$4* PMX, ." H('.*%$"& 6 )*)&"4.3A 
%('6'&'%. S&*4 #')&*+$"&)2 %1*.*-")%$2 RKK"%&*6.')&? CL-, H(* '&)B&)&6** 
&'%)*-")%*; RKK"%&'6 H("H$($&$. , )&(B%&B(B %$D#'+' %$(&(*#D$ 6;'#*& $#)'(<".&, 
H("#)&$61"..3A 6'1'%.$4*, .$ %'&'(3; K*%)*('6$. CL-,. F$H($61".*" %('6*, 
H(';'#2O"A -"("> %$(&(*#D, ("+B1*(B"&)2 )*)&"4'A ($#*$1?.'+' H'&'%$. SKK"%& PMX 
#')&*+$"&)2 H(* +"4'H"(KB>** )' )%'(')&?: H'&'%$ %('6* '& 80 #' 120 41/4*.. , %$-")&6" 
$.&*%'$+B12.&$ D"1$&"1?.' *)H'1?>'6$&? +"H$(*.. , ]H'.** %1*.*-")%'" H(*4".".*" 
PMX <31' .$-$&' 6 1994 +'#B H'# R+*#'A .$/*'.$1?.'A H('+($443 )&($;'6$.*2 
>#'('6?2. C'#)-*&$.', -&' 6 ]H'.** &"($H*: PMX H'1B-*1* <'1"" 80000 H$/*".&'6, ;'&2 
RKK"%&*6.')&? * <">'H$).')&? PMX <31$ H'#&6"(D#".$ 6 %1*.*-")%*; B)1'6*2; ." 
&'1?%' 6 ]H'.**, .' * 6 #(B+*; )&($.$;. 

96&'()%*" H($6$ © (2010 +'#) H(*.$#1"D$& S. Karger AG, +. =$>"1? 
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=$%&"(*$1?.3A 1*H'H'1*)$;$(*# (EC8 *1* R.#'&'%)*.) H("#)&$612"& )'<'A '#.B *> 
.$*<'1"" 4'O.3; )*+.$1?.3; 4'1"%B1 <$%&"(*$1?.3; %1"&'%. V*6'&.3" * -"1'6"% 
.$#"1".3 -B6)&6*&"1?.34* 4";$.*>4$4* ($)H'>.$6$.*2 EC8 6 )'<)&6"..3; &%$.2;. , 
)&(B%&B(B 4'.'/*&'6, 4$%('K$+'6 * ."A&('K*1'6 6;'#2& )H"/*K*-")%*" ("/"H&'(3 - 
&($.)#B%&'(3 CD14 * &'11-H'#'<.3" ("/"H&'(3 4 &*H$. S&* ("/"H&'(3 ')'<"..' 
-B6)&6*&"1?.3 % EC8. 044B.'%'4H"&".&.3" %1"&%* ("$+*(B:& .$ EC8 63($<'&%'A 
4"#*$&'('6 6')H$1*&"1?.'+' '&6"&$, %'&'(3" B)*1*6$:& * H("'<($>B:& )*+.$1 EC8 ) 
H')1"#B:O"A $%&*6$/*"A >$O*&.3; )*)&"4 '(+$.*>4$, *>'1*(B:O*; * B.*-&'D$:O*; 
6'><B#*&"12. 

C' ." )'6)"4 2).34 H(*-*.$4 '&%1*% .$ EC8 4'D"& <3&? -(">4"(.34. , &$%*; )1B-$2; 
6'>4'D.' ($>6*&*" )"H)*)$, )"H&*-")%'+' 7'%$ * #$D" 1"&$1?.'+' *);'#$. 

, )"("#*." 1970-; ++. <31' B)&$.'61".', -&' H'1*4*%)*. , (CL-,) '<1$#$"& >$O*&.34* 
RKK"%&$4* H(* +"4'#*.$4*-")%'4 7'%", *.#B/*('6$..'4 R.#'&'%)*.'4. , &' D" 6("42, 
)&$1' *>6")&.' ' 63($D"..'4 &'%)*-")%'4 6'>#"A)&6** CL-, .$ H'-%* * /".&($1?.B: 
."(6.B: )*)&"4B. M-".3" H("#1'D*1* .")%'1?%' .$H($61".*A $.&*R.#'&'%)*.'6'A 
&"($H** (.$H(*4"(, 4'.'%1'.$1?.3" $.&*&"1$, $.&*R.#'&'%)*.'63" 6$%/*.3, H'#$61".*" 
)*.&">$ R.#'&'%)*.$), '#.$%' R&* .$H($61".*2 ." '<1$#$1* 6')H('*>6'#*434 61*2.*"4 
.$ *);'# )"H)*)$. , 1983 +'#B %'(H'($/*2 I'(RA 0.#$)&(*> ($>($<'&$1$ %$(&(*#D #12 
B#$1".*2 R.#'&'%)*.$ *> )*)&"4.'+' %('6'&'%$ 4"&'#'4 H(24'A +"4'H"(KB>** - 
Toraymyxin™ (PMX). PMX )')&'*& *> 6'1'%.*)&'+' )'(<".&$ .$ ').'6" H'1*)&*('1$, ) 
%'&'(34 %'6$1".&.' )62>$. $.&*<*'&*% CL-,, 63)&BH$:O*A 6 ('1* 1*+$.#$, 
."A&($1*>B:O"+' R.#'&'%)*.. PMX <31 'K*/*$1?.' >$("+*)&(*('6$. 6 ]H'.** 6 1994 
+'#B, $ >.$% )''&6"&)&6*2 "6('H"A)%*4 #*("%&*6$4 %$-")&6$ '. H'1B-*1 6 1998 +'#B. 8 
2002 +'#$ PMX ("$1*>B"&)2 .$ &"((*&'(** W6('H3. , .$)&'2O"" 6("42 PMX 2612"&)2 
"#*.)&6"..34 #')&BH.34 B)&('A)&6'4, H("#.$>.$-"..34 #12 B#$1".*2 R.#'&'%)*.'6 *> 
%('6'&'%$. C(*./*H ($<'&3 PMX ').'6$. .$ )H')'<.')&* CL-, ."A&($1*>'6$&? 
R.#'&'%)*.. C')%'1?%B H(* )*)&"4.'4 H(*4".".** CL-, '<1$#$"& 63($D"..34* 
H'<'-.34* RKK"%&$4*, 6 %$(&(*#D" PMX "+' 4'1"%B1$ )62>$.$ ) *."(&.34 4$&"(*$1'4. 
N'6$1".&.$2 )62>? H("H2&)&6B"& 63)6'<'D#".*: CL-, 6 %('6'&'%. 

!"#$%$&'*"7 * 0$4*)*&'*" J 
C'H$#$.*" R.#'&'%)*.$ 6 '(+$.*>4 )'H('6'D#$"&)2 .">$4"#1*&"1?.'A ("$%/*"A 
4'.'/*&'6, %'&'(3" )62>36$:&)2 ) R.#'&'%)*.'4 * >$HB)%$:& 6')H$1*&"1?.3A '&6"&. 
C')1" $%&*6$/** 4'.'/*&'6 6 ("$%/*: 6)&BH$:& 1*H'H('&"*.3, %'&'(3" &$%D" 
)62>36$:& )6'<'#.3A R.#'&'%)*. ) H'4'O?: 1*H*#$ 9, * H3&$:&)2 >$;6$&*&? EC8, 
K*%)*('6$..3A 4'.'/*&$4*, &' ")&? 1*H'H('&"*.3 '%$>36$:& H('&*6'#"A)&6*" 
.$($)&$:O"4B 6')H$1*&"1?.'4B '&6"&B '(+$.*>4$ [1]. 
C(* 63)'%'4 )'#"(D$.** R.#'&'%)*.$ 6 %('6* ("$%/*2 4'.'/*&'6 H("'<1$#$"& .$# 
1*H'H('&"*.-'H')("#'6$..34 B#$1".*"4 EC8. , (">B1?&$&" )'>#$:&)2 H("#H')31%* #12 
($>6*&*2 )"H)*)$. I$%*4 '<($>'4, #12 B#$1".*2 R.#'&'%)*.$ *> )*)&"4.'+' %('6'&'%$ 
."'<;'#*4 63($D"..3A )62>B:O*A RKK"%&, H')%'1?%B ."'<;'#*4' 636")&* *> '(+$.*>4$ 
EC8, %'&'(3" BD" )62>$1*)? ) 4'.'/*&$4* * 1*H'H('&"*.'634* %'4H1"%)$4*. 

CL-, - R&' $.&*<$%&"(*$1?.3A H("H$($& ) 4'O.'A <$%&"(*/*#.'A $%&*6.')&?: 6 
'&.'7".** +($4'&(*/$&"1?.3; 4*%(''(+$.*>4'6, $ &$%D" 63($D"..34 $KK*.*&"&'4 % 
R.#'&'%)*.B. CL-, '<1$#$"& #6'A.34 #"A)&6*"4 6 '&.'7".** R.#'&'%)*.$, H')%'1?%B '. 
'<")H"-*6$"& ." &'1?%' )62>36$.*", .' * ."A&($1*>$/*:. F"A&($1*>$/*2 - R&' .$*<'1"" 
6$D.3A RKK"%&, %'&'(3A >$6*)*& '& 6>$*4'#"A)&6*2 4"D#B +*#('K'<.34* ($#*%$1$4* 
CL-, * /"H24* D*(.3; %*)1'& EC8. , (">B1?&$&" R&'+' ;*4*-")%'+' 6>$*4'#"A)&6*2 
'<($>B"&)2 '#.'4'1"%B12(.'" )'"#*.".*" ((*). 1). 
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>*'. 1. ,>$*4'#"A)&6*" 4"D#B +*#('K'<.34* ($#*%$1$4* CL-, * /"H24* D*(.3; 
%*)1'& EC8. T*#('K'<.3" ($#*%$13 B%$>$.3 )&("1%$4*. P9LN - #*$4*.'4$)12.$2 
%*)1'&$. 
 

=1&$81 '%:6&%6:1 &1:%:*#D1 * 8$4$&$" ' *))$H*4*3*:$81""7) ?A-J 
CL-, ."1?>2 66'#*&? 6.B&(*6"..34 HB&"4, H')%'1?%B '. '<1$#$"& 63($D"..'A 
."K('&'%)*-.')&?: * ."A('&'%)*-.')&?:. , )62>* ) R&*4, ) /"1?: H')1"#B:O"+' 
H(*4".".*2 6 %$-")&6" )"1"%&*6.'+' )'(<".&$ #12 B#$1".*2 R.#'&'%)*.$ *> %('6'&'%$, 
CL-, <31 %'6$1".&.' )62>$. ) ."($)&6'(*4'A ').'6'A %$% 1*+$.#. ,'1'%'..$2 ').'6$ 
%$(&(*#D$ H("#)&$61".$ )'"#*.".*"4 H'1*)&*('1'63; * H'1*H('H*1".'63; 6'1'%'. H' 
&*HB "')&('6 6 4'("". C'1*H('H*1". (%'4H'.".& "')&('6") ."'<;'#*4 #12 B)*1".*2 
6'1'%.$. 0> HB-%'6 H'1*%'4H'.".&.3; 6'1'%'. )K'(4*('6$. &%$.3A 4$&"(*$1, $ 
H'1*)&*('1'63A %'4H'.".& ;*4*-")%* 4'#*K*/*('6$. ) /"1?: 6%1:-".*2 \-
;1'($/"&$4*#-4"&*1?.3; +(BHH 6 %$-")&6" KB.%/*'.$1?.3; +(BHH, K*%)*(B:O*; CL-,. 
L'1"%B1$ CL-, 6%1:-$"& H2&? ').'6.3; $4*.'+(BHH \,^-#*$4*.'4$)12.'A %*)1'&3. 
CL-, %'6$1".&.' *44'<*1*>*('6$. .$ H'6"(;.')&* 6'1'%'.. 044'<*1*>$/*2 
#')&*+$"&)2 ;*4*-")%'A ("$%/*"A 4"D#B ').'6.34* $4*.'+(BHH$4* CL-, * $%&*6.34 
$&'4'4 ;1'($ KB.%/*'.$1?.3; +(BHH ((*). 2) [2]. 

 

E*H*# CL-, E*H*#/CL-, (E*H*#/CL-,)* 

CL-, 

P9LN 

P9LN 

P9LN 

P9LN 

P9LN 

P9LN 

1"A/*. 

&("'.*. 

&("'.*. 

D-K".*1 
$1$.*. 

D*(.$2 %*)1'&$ 

C'1*%'4H'.".&.'" 6'1'%.' 

C'1*)&*('1/H'1*H('H*1". (9:1) 

C'1*H('H*1". 
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>*'. 2. 81"6$ );"4$&*-.' H'%$>$. H'H"("-.3A )("> H'1*%'4H'.".&.'+' 6'1'%.$ &*H$ 
"')&('6 6 4'("". N'4H'.".& "')&('6" H("#)&$61". H'1*H('H*1".'634 H'1*4"('4, $ 
%'4H'.".& "4'("" - )4"7$..34 H'1*4"('4 *> H'1*)&*('1$ * H'1*H('H*1".$ (9:1). 8H($6$ 
H("#)&$61".$ R1"%&('..$2 4*%('K'&'+($K*2 H'H"("-.'+' )(">$ H'1*%'4H'.".&.'+' 
6'1'%.$. 

 
,>$*4'#"A)&6*" 4"D#B CL-, * R.#'&'%)*.'4 ').'6$.' .$ *'..'4 * +*#('K'<.'4 
RKK"%&$;. 0'..$2 )62>? '<")H"-*6$"&)2 '&(*/$&"1?.' >$(2D"..34* K')K$&.34* 
+(BHH$4* 1*H*#$ 9 6 )&(B%&B(" R.#'&'%)*.$ * H'1'D*&"1?.' >$(2D"..34 ')&$&%'4 \,^-
#*$4*.'4$)12.'A %*)1'&3 CL-,. C')%'1?%B ').'6.3" $4*.'+(BHH3 &$%D" B-$)&6B:& 6 
("$%/** *44'<*1*>$/**, ."'<;'#*4' <31' 'H&*4*>*('6$&? *44'<*1*>$/*: CL-, &$%*4 
'<($>'4, -&'<3 ." H')&($#$1$ )H')'<.')&? CL-, % 6>$*4'#"A)&6*: ) R.#'&'%)*.'4. 
=31' B)&$.'61".', -&' -"4 637" -*)1' $4*.'+(BHH 6 )&(B%&B(" K*%)*('6$..'+' CL-,, 
&"4 <'1"" 63($D".$ )H')'<.')&? 6'1'%'. ) *44'<*1*>*('6$..34 CL-, % ."A&($1*>$/** 
R.#'&'%)*.$. 044'<*1*>$/*2 CL-, ')BO")&6121$)? &$%*4 '<($>'4, -&'<3 4'1"%B1$ 
K*%)*('6$..'+' CL-, 6%1:-$1$ 3-4 $%&*6.3" $4*.'+(BHH3. 
9#)'(<*(B:O$2 -$)&? %$(&(*#D$ H("#)&$61".$ &%$.34 4$&"(*$1'4, %'&'(3A )')&'*& *> 
6'1'%'. ) *44'<*1*>*('6$..34 CL-, ((*). 3). I%$.3A 4$&"(*$1 '<"(.B& 6'%(B+ 
/".&($1?.'+' %$.$1$ ) 4.'+'-*)1"..34* <'%'634* '&6"()&*24*. 9#)'(<*(B:O$2 -$)&?, 
>$%1:-"..$2 6 KB&12(, H("#)&$612"& )'<'A +'&'63A % H(*4".".*: %$(&(*#D PMX. J)'<'" 
)&('".*" %$(&(*#D$ '<")H"-*6$"& ($6.'4"(.3A &'% %('6*. N('6? H')&BH$"& 6 %$(&(*#D 
-"("> 6;'#.'" '&6"()&*" * H('#6*+$"&)2 H' /".&($1?.'4B %$.$1B. C('.*%$2 -"("> <'%'63" 
'&6"()&*2 )&".%* /".&($1?.'+' %$.$1$, %('6? H(';'#*& -("> )1'A &%$.'+' 4$&"(*$1$ * 
6)&BH$"& 6 )'H(*%').'6".*" ) )'(<".&'4. 8H"/*$1?.' ($>($<'&$..$2 )*)&"4$ ($#*$1?.'+' 
H'&'%$ '<")H"-*6$"& ($6.'4"(.'" ($)H("#"1".*" %('6* *, )''&6"&)&6"..', RKK"%&*6.'" 
*)H'1?>'6$.*" )'(<".&$. 
GE("&1 H(3$01'"$'%* 
P12 'H("#"1".*2 <*'1'+*-")%'A )'64")&*4')&* * <">'H$).')&* %$(&(*#D$ PMX <31' 
63H'1.".' )H"/*$1?.'" *))1"#'6$.*" ) B-$)&*"4 >#'('63; )'<$%. 0)H3&B"43; D*6'&.3; 
H'#6"(+1* #6B;-$)'6'A R%)&($%'(H'($1?.'A +"4'H"(KB>** ) H'4'O?: %$(&(*#D$ PMX. 
C(* R&'4 H('6'#*1)2 4'.*&'(*.+ )("#."+' $(&"(*$1?.'+' #$61".*2, +"4$&'%(*&$, 
%'1*-")&6$ &('4<'/*&'6, %'1*-")&6$ 1"A%'/*&'6, $ &$%D" B('6.2 <"1%$ * &($.)$4*.$> 6 
)36'('&%" %('6*. L'.*&'(*.+ >$6"(7*1)2 )HB)&2 3 -$)$ H')1" H("%($O".*2 )"$.)$ 
+"4'H"(KB>**. , &"-".*" *1* H')1" )"$.)$ 6)" H'%$>$&"1* ')&$6$1*)? .$ H("D."4 B('6." 
*1* 6'>6($&*1*)? % *);'#.34 >.$-".*24. E"&$1?.3" )1B-$* '&)B&)&6'6$1*. , R&'4 
*))1"#'6$.** ." <31' >$("+*)&(*('6$.' .* '#.'+' ."<1$+'H(*2&.'+' 261".*2. 
!99(&%*8"$'%@ &1:%:*#D1 ' *))$H*4*3*:$81""7) ?A-J 
P12 &'+' -&'<3 '/".*&? RKK"%&*6.')&? PMX 6 $)H"%&" ."A&($1*>$/** EC8, ."'<;'#*4' 
($))4'&("&? #6$ H'.2&*2. C"(6'" H'.2&*", "R.#'&'%)*.'6$2 .$+(B>%$", '<'>.$-$"& 
%'1*-")&6' R.#'&'%)*.$ 6 %('6'&'%" H$/*".&$ ) (R.#'&'%)*-")%*4) )"H&*-")%*4 7'%'4. 
8'+1$).' (">B1?&$&$4 *))1"#'6$.*2 MEDIC [3], 63)'%*A B('6".? $%&*6.')&* R.#'&'%)*.$ 
)''&6"&)&6B"& (">B1?&$&$4 &")&$ .$ $%&*6.')&? R.#'&'%)*.$ (9S) >0,6. C' #$..34 
*))1"#'6$.*2, 63H'1."..'+' Monti * )'$6&. [4], B <'1?.3; ) )"H&*-")%*4 7'%'4 9S 
H("637$1$ 0,9. W)1* ($))4$&(*6$&? R.#'&'%)*. Escherichia coli, &' %'./".&($/*2 
)''&6"&)&6B:O"+' EC8 6 %('6* #')&*+$"& 7,0 .+/41 *1* 70 SW/41 (SW - "#*.*/3 
R.#'&'%)*.$). 81"#'6$&"1?.', #12 4BD-*.3 ) 4$))'A &"1$ 70 %+ H(* 637"BH'42.B&'4 
)')&'2.** R.#'&'%)*.'6$2 .$+(B>%$ )')&$6*&: 70 ; 5000 ('<Y"4 /*(%B1*(B:O"A %('6* = 5 
1) = 350000 SW. 
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>*'. 3. 9#)'(<*(B:O$2 -$)&? %$(&(*#D$ Toraymyxin. 

 
,&'('" H'.2&*" - "$#)'(</*'..$2 )H')'<.')&? B)&('A)&6$" (98M). 98M 'H("#"12"& 
%'1*-")&6' SW, %'&'(3" 4'D"& B#$1*&? *> %('6'&'%$ '#*. %$(&(*#D PMX. 98M PMX 
'K*/*$1?.' ." >$261".$. I"4 ." 4"."", R&'& H'%$>$&"1? 4'D.' #')&$&'-.' &'-.' 
($))-*&$&? .$ ').'6$.** ($."" 'HB<1*%'6$..3; (">B1?&$&'6 ."%'&'(3; in vitro 
*))1"#'6$.*A. N('4" &'+', #12 ($)-"&$ 98M 4'D.' *)H'1?>'6$&? 'H3&, H(*'<("&"..3A 6 
H')1"#.*" +'#3 H(* H('6"#".** in vivo *))1"#'6$.*A ) %'.&('1"4 $%&*6.')&* 
R.#'&'%)*.$. , &$<1*/" 1 H("#)&$61".3 6"1*-*.3 98M %$(&(*#D$ PMX (&*H PMX-20R), 
($))-*&$..3" 6 &("; ($>.3; )*&B$/*2;: (1) in vitro ) H(*4".".*"4 ($)&6'('6 +"4'+1'<*.$; 
(2) in vitro ) H(*4".".*"4 <3-?"A %('6* (2 1*&($ ("/*(%B1*(B:O"A %('6*); * (3) #12 
H("#H'1$+$"4'+' <'1?.'+' )"H)*)'4, 63>6$..34 E. coli, ) *);'#.34 >.$-".*"4 9S - 0,85 
(-&' )''&6"&)&6B"& %'./".&($/** EC8 E. coli - 43 SW/41). C')1" +"4'H"(KB>** ) 
H(*4".".*"4 PMX, 9S B H("#H'1$+$"4'+' H$/*".&$ #'1D.$ ).*>*&?)2 #' 0,6 (-&' 
)''&6"&)&6B"& %'./".&($/** EC8 E. coli - 15 SW/41). I$%'A H$/*".& $<)'1:&.' 
("$1*)&*-"., $ 637"H(*6"#"..3" )6"#".*2 )'+1$)B:&)2 ) #$..34*, %'&'(3" 
'HB<1*%'6$.3 ($>1*-.34* *))1"#'6$&"124* (&$<1*/$ 1) [4, 5]. 
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<1H4*E1 1. 8H')'<.')&? B)&('A)&6$ $#)'(<*('6$&? R.#'&'%)*. in vitro * in vivo. 

9#)'(</*2 EC8 
B)&('A)&6'4 Toraymyxin M)1'6*2 R%)H"(*4".&$ 

C"(6'.$-$1?.$2 
%'./".&($/*2 
R.#'&'%)*.$ 

9#)'(</*'..$2 
)H')'<.')&? 
B)&('A)&6$ 

In vitro #$..3" 
(Tani et al. [9], 1992); 
)&$&*-")%$2 4'#"1?; 
($)&6'( +"4'+1'<*.$ - 
6'1'%.$ PMX 

($)&6'( +"4'+1'<*.$ +2 
+ 6'1'%'. PMX; 6("42 
*.%B<$/** - 1 -$) 

686 SW/41 1404480 SW 

In vitro #$..3" 
(Sakai et al. [10], 1993); 
H"(KB>*'..$2 4'#"1?; 
<3-?2 %('6? 

in vitro H"(KB>*2 - <3-?2 
%('6?: 2 1*&($; 6("42 
H"(KB>** - 2 -$)$ 

400 SW/41 640000 SW 

='1?.3" ) )"H&*-")%*4 
7'%'4, 63>6$..34 E. coli; 
4'.*&'(*.+ 9S 

H("#H'1$+$"43A 
<'1?.'A ) *.K"%/*"A, 
63>6$..'A E. coli; 9S = 
0,9 *);'#.'; 9S = 0,6 
H')1" H('/"#B(3 

70 SW/41 275000 SW 

F" H(*.*4$2 6' 6.*4$.*" (">B1?&$&3 H"(6'+' in vitro &")&$, %'&'(3A '-".? '&#$1". '& 
%1*.*-")%*; B)1'6*A, '#.' B)&('A)&6' PMX 6 ($4%$; )&$.#$(&.'+' )"$.)$ )H')'<.' 
."A&($1*>'6$&? H(*<1*>*&"1?.' 300000 SW. S&'& H'%$>$&"1? 63>36$"& #'H'1.*&"1?.3A 
*.&"(") &"4, -&' '. )''&6"&)&6B"& B('6.: R.#'&'%)*.'6'A .$+(B>%*. 

 

?:*"E*0 :1H$%7 6'%:$.'%81 
PMX )H('"%&*('6$. &$%*4 '<($>'4, -&'<3 6 H('/"))" +"4'H"(KB>** -"("> %$(&(*#D 
H(';'#*1$ /"1?.$2 %('6?. ='1?7$2 H1'O$#? )'H(*%').'6".*2 #')&*+$"&)2 
*)H'1?>'6$.*"4 )'(</*'..'+' 4$&"(*$1$ ) 4$134 #*$4"&('4 6'1'%'.. N('4" &'+', 
6'1'%.$ ;$($%&"(*>B:&)2 H'(*)&'A H'6"(;.')&?:, %'&'($2 K'(4*(B"&)2 6 (">B1?&$&" 
;*4*-")%'A ("$%/**, .$H($61"..'A .$ 6%1:-".*" KB.%/*'.$1?.3; +(BHH. ,)" R&' 
)H')'<)&6B"& B6"1*-".*: H'6"(;.')&* $#)'(<*(B:O"+' 4$&"(*$1$. 8 #(B+'A )&'('.3, 
H'&"(* #$61".*2 .$ '&(">%" 4"D#B 6;'#.34 * 63;'#.34 '&6"()&*24* %$(&(*#D$ 
')&$:&)2 .*>%*4* >$ )-"& *)H'1?>'6$.*2 6'1'%.*)&'+' (&%$.'+') 4$&"(*$1$ 6 %$-")&6" 
$#)'(<".&$, $ &$%D" <1$+'#$(2 %'.&('1*(B"4'4B +'4'+"..'4B H'&'%B, %'&'(3A 
'<")H"-*6$"& )&$<*1?.'" 6'>#"A)&6*" .$ /"1?.B: %('6?. 98M PMX <31$ *>B-".$ in vitro 
HB&"4 )($6.".*2 /*(%B12/** 1,5 1*&($ ($)&6'($ &"12-?"A )36'('&%*, )'#"(D$O"+' 
'-*O"..3A EC8 E. coli 6 %'./".&($/** 10 .+/41, -"("> %$(&(*#D PMX H(* )%'(')&* 
H'&'%$ 100 41/4*., * -"("> 6'1'%'..3A %$(&(*#D <"> CL-,. 8HB)&2 2 -$)$ /*(%B12/** 
<31$ 63H'1.".$ '/".%$ *>4".".*A %'./".&($/** EC8 6 #6B; *))1"#B"43; ($)&6'($;. 
M('6".? EC8 ).*D$1)2 &'1?%' H(* *)H'1?>'6$.** %$(&(*#D$ PMX. 
F"#$6.' Nishibori * )'$6&. [6] *>B-*1* %1"&'-.3A %'4H'.".& %'1'.%* PMX H')1" 
63H'1.".*2 H('/"#B(3 +"4'H"(KB>** B <'1?.3; )"H)*)'4. P'H'#1*..' *>6")&.', -&' H(* 
)"H&*-")%'4 7'%" H('*);'#*& $%&*6$/*2 ($>1*-.3; H'HB12/*A 1"A%'/*&'6. C(* R&'4 
*>4".2:&)2 *; $#+">*6.3" )6'A)&6$. , )62>* ) R&*4, B-".3" 63)%$>$1* H("#H'1'D".*", 
-&' 6 H('/"))" +"4'H"(KB>** ."%'&'(3" H'HB12/** 1"A%'/*&'6 4'+B& $#)'(<*('6$&?)2 6 
%'1'.%" PMX * R1*4*.*('6$&?)2 *> )*)&"4.'+' %('6'&'%$. 9.$1*>, 63H'1."..3A ) 
H'4'O?: *44B.'/*&';*4*-")%'A &";.*%* * R1"%&('..'A 4*%(')%'H**, H'%$>$1, -&' 
PMX *><*($&"1?.' )62>36$"& 4'.'/*&3 H"(*K"(*-")%'A %('6* <'1?.3; )"H)*)'4. 
0><*($&"1?.'" B#$1".*" 4'.'/*&'6 *> %('6'&'%$ <'1?.3; )"H)*)'4 4'D"& '%$>36$&? 
H'1'D*&"1?.'" 61*2.*" >$ )-"& B4".?7".*2 6>$*4'#"A)&6*2 4"D#B 4'.'/*&$4* * 
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KB.%/*'.$1?.' )62>$..34* ) .*4* %1"&%$4*, &$%*4* %$% %1"&%* R.#'&"1*2. L";$.*>4 
$#)'(</** 4'.'/*&'6 .$ H'6"(;.')&* )'(<".&$ ) *44'<*1*>*('6$..34 CL-, #' )*; H'( 
." B)&$.'61".. J).'6.$2 +*H'&">$ )')&'*& 6 &'4, -&' R&'& RKK"%& '<B)1'61". 
K*>*-")%*4* )6'A)&6$4* 6'1'%'. ) *44'<*1*>*('6$..34 CL-,, *1* 6>$*4'#"A)&6*"4, 
)62>$..34 ) B#$1".*"4 R.#'&'%)*.$. ,&'($2 +*H'&">$ (6)" "O" ." #'%$>$..$2) ').'6$.$ .$ 
H("#H'1'D".**, -&' B-$)&%* )62>36$.*2 R.#'&'%)*.$ * CL-, '&1*-$:&)2 '& &$%'63; 
R.#'&'%)*.$ * 4'.'/*&'6. I$%*4 '<($>'4, 6'>4'D.', -&' PMX B#$12"& 4'.'/*&3 6 
)')&$6" %'4H1"%)$ EC8-4'.'/*&. , 1:<'4 )1B-$", -(">63-$A.' 6$D.' B#$1*&? 
R.#'&'%)*. %$% HB)%'6'A K$%&'( 6')H$1*&"1?.'+' '&6"&$. I'& K$%&, -&' PMX )H')'<". 
R1*4*.*('6$&? ."%'&'(3" *44B.'%'4H"&".&.3" %1"&%*, '-".? *.&"(")". ) &'-%* >(".*2 
H'&"./*$1?.'+' *44B.'4'#B1*(B:O"+' RKK"%&$, %'&'(3A 4'D"& *)H'1?>'6$&?)2 H(* 
1"-".** )"H)*)$ * )"H&*-")%'+' 7'%$. 
?:(*)6F('%81 0:*)("("*+ 1#'$:HE*$""$2$ )(%$#1 #4+ 6#14("*+ ,"#$%$&'*"1 
J#.*4 *> )H')'<'6 "'-*)&%*" %('6* 2612"&)2 B#$1".*" 4"#*$&'('6 6')H$1".*2, 
6'61"-"..3; 6 H$&'+"."> * (*1*) H$&'K*>*'1'+*: &2D"1'+' )"H)*)$ * )"H&*-")%'+' 7'%$. 
8BO")&6B"& 4.'D")&6' 4"#*$&'('6, %'&'(3" *+($:& 6$D.B: ('1? 6 )*)&"4.'4 
6')H$1*&"1?.'4 '&6"&". C(*4"($4* 4'+B& )1BD*&? R.#'&'%)*. * R%>'&'%)*. *> 
R%>'+"..3; *)&'-.*%'6, *1* &$%*" R.#'+"..3" 4"#*$&'(3, %$% /*&'%*.3, ;"4'%*.3 * 
($>1*-.3" K'(43 1*H*#'6. L'1"%B12(.$2 4$))$ R&*; )'"#*.".*A 6$(?*(B"& 6 7*('%'4 
#*$H$>'.". S&'& H'%$>$&"1? *4""& >.$-".*" H(* 63<'(" H'1'6'1'%'..'+' K*1?&($ ) 
+($.*/"A K*1?&($/**, 6$(?*(B:O"A '& 10 #' 20 %P$. I$%*4 '<($>'4, #12 )"1"%&*6.'+' 
B#$1".*2 &'+' *1* *.'+' 4"#*$&'($ ."'<;'#*4' )'>#$&? )''&6"&)&6B:O*" B)1'6*2. 
@*>*%'-;*4*-")%*A $)H"%& H"(".')$ 6"O")&6$ H("#H'1$+$"& B-$)&*" &$%*; 4";$.*>4'6, 
%$% #*KKB>*2, K*1?&($/*2 * $#)'(</*2. Q$4")&*&"1?.$2 H'-"-.$2 &"($H*2, .$H(*4"(, 
+"4'#*$1*>, +"4'K*1?&($/*2 * +"4'#*$K*1?&($/*2, ').'6$.$ .$ H(*./*H$; #*KKB>** * 
K*1?&($/**, &'+#$ %$% H('/")) $#)'(</** ." >$6*)*& '& +($.*/3 K*1?&($/** 
H'1'6'1'%'..'+' K*1?&($. 81"#'6$&"1?.', H(* *)H'1?>'6$.** 4"&'#$ $#)'(</** 
6'>4'D.' 6'>#"A)&6*" .$ 4'1"%B12(.'4 B('6.". 
L'1"%B1$ R.#'&'%)*.$ )')&'*& *> H'1*)$;$(*#$, %'&'(3A 6%1:-$"& J-)H"/*K*-")%B: 
<'%'6B: /"H?, 6.B&(".."A * .$(BD.'A -$)&* %'(-'1*+')$;$(*#$, $ &$%D" 1*H*#$ 9, 
63H'1.2:O"+' ('1? $%&*6.'+' /".&($ EC8. S.#'&'%)"4*2 4'D"& ($>6*6$&?)2 ." &'1?%' 
H(* +($4'&(*/$&"1?.'4, .' * H(* +($4H'1'D*&"1?.'4 )"H)*)" (6 (">B1?&$&" &($.)1'%$/** 
<$%&"(*A *1* R.#'&'%)*.$ *> H(')6"&$ %*7"-.*%$). L'1"%B12(.3" )6'A)&6$ R.#'&'%)*.$ 
6 %('6* *1* H1$>4" #')&'6"(.' ." *>B-".3. I"4 ." 4"."", *>6")&.', -&' 6 %('6* 
R.#'&'%)*. ." 6)"+#$ H("#)&$61". *)%1:-*&"1?.' 4'1"%B1'A EC8. J. 4'D"& 
)BO")&6'6$&? 6 ($>1*-.3; K'(4$; (%$% -$)&? %1"&'-.'A '<'1'-%* *1* 6">*%B1$) 6 
)'"#*.".** ) K')K'1*H*#$4* <$%&"(*$1?.'A %1"&%*. , %('6'&'%" R.#'&'%)*. )H')'<". 
)62>36$&?)2 ) ($>.''<($>.34* %'4H'.".&$4* H1$>43. N('4" &'+', EC8 4'D"& 
K'(4*('6$&? 4*/"113. I$%*4 '<($>'4, 4'1"%B12(.$2 4$))$ R.#'&'%)*.$ .$)&'1?%' 
6"1*%$, -&' "+' &(B#.' B#$1*&? H(* H'4'O* +"4'#*$1*>$ * +"4'K*1?&($/**. J#.*4 *> 
)H')'<'6 B#$1".*2 R.#'&'%)*.$ *> %('6* 2612"&)2 >$4"..'" H"("1*6$.*" H1$>43. I"4 ." 
4"."", #12 R&'+' 4"&'#$ ."'<;'#*4' <'1?7'" %'1*-")&6' #'('+')&'2O"A 
)6"D">$4'('D"..'A H1$>43, *, %('4" &'+', H"("1*6$.*" H1$>43 )'H(2D".' ) (*)%'4 
*.K"%/*'..3; ')1'D.".*A. 
J78$#7 
S.#'&'%)*. #1*&"1?.'" 6("42 ($))4$&(*6$"&)2 6 %$-")&6" '<Y"%&$ &"($H** H(* )"H)*)". 
I"4 ." 4"."", &$%*" ("$+".&3, %$% $.&*R.#'&'%)*.'63" 4'.'%1'.$1?.3" $.&*&"1$ * 
<$%&"(*/*#.3A <"1'%, H'637$:O*A H('.*/$"4')&? ($.+1. bactericidal/permeability-
increasing protein, BPI), %'&'(3" )H')'<.3 ."A&($1*>'6$&? R.#'&'%)*., ." B1B-7$:& 
*);'# )"H)*)$. , )62>* ) R&*4 6'>.*% 6'H('), 2612"&)2 1* R.#'&'%)*. *)&*..34 '<Y"%&'4 
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#12 ($>($<'&%* .'63; )("#)&6 &"($H**. F"#$6.' <31* 'HB<1*%'6$.3 H'1'D*&"1?.3" 
(">B1?&$&3 H(*4".".*2 E5564 [7]. J#.$%', *)H'1?>'6$.*" R4B1?)** K')K'1*H*#'6 ." 
).*D$"& '<O*A B('6".? )4"(&.')&* >$ 28-#."6.3A H"(*'#, $ &$%D" ." B4".?7$"& 
($)H(')&($."..')&? 6H"(63" 63261"..'A '(+$..'A ."#')&$&'-.')&* B <'1?.3; ) 
H'#'>("6$"434 *1* H'#&6"(D#"..34 &2D"134 +($4'&(*/$&"1?.34 )"H)*)'4 [8]. I$%*4 
'<($>'4, *)H'1?>'6$.*" R.#'&'%)*.$ 6 %$-")&6" '<Y"%&$ 1"-"<.'+' 6'>#"A)&6*2 
;$($%&"(*>B"&)2 H"("4"..34 B)H";'4 * H('&*6'("-*6')&?:. 

C(*-*.$ &'+', H'-"4B ."%'&'(3" $.&*R.#'&'%)*.'63" ("$+".&3 ."#')&$&'-.' 
RKK"%&*6.3, ." 6)"+#$ H'.2&.$. S&' 4'D"& <3&? )62>$.' ) .*>%'A ."A&($1*>B:O"A 
$%&*6.')&?: )$4'+' ("$+".&$. , H('71'4, ').'6.$2 >$#$-$ )')&'21$ 6 &'4, -&'<3 
'H("#"1*&? .$*<'1"" RKK"%&*6.B: )&($&"+*: $.&*R.#'&'%)*.'6'A &"($H**. C(* R&'4 
($))4$&(*6$1*)? #6$ )BO")&6"..3; .$H($61".*2: ."A&($1*>$/*2 R.#'&'%)*.$ H(* H'4'O* 
)H"/*$1?.3; ("$+".&'6 6.B&(* '(+$.*>4$ *1* R%)&($%'(H'($1?.'" B#$1".*2 R.#'&'%)*.$ 
*> %('6*. 8HB)&2 15 1"& %1*.*-")%'+' H(*4".".*2 4'D.' )%$>$&?, -&' R%)&($%'(H'($1?.'" 
B#$1".*" R.#'&'%)*.$ 4"&'#'4 +"4'H"(KB>** ) H'1*4*%)*.'4 , 2612"&)2 ($/*'.$1?.34 
)H')'<'4 1"-".*2 &2D"1'+' )"H)*)$ * )"H&*-")%'+' 7'%$. N('4" &'+', *)H'1?>'6$.*" 
$#)'(<".&'6 #12 B#$1".*2 R.#'&'%)*.$ /"1")''<($>.', H')%'1?%B R.#'&'%)*. )BO")&6B"& 
6 %('6* 6 K'(4" %(BH.3; 4'1"%B1 *1* $+("+$&'6. 
_(">63-$A.' <'1?7'" >.$-".*" *4""& ($>($<'&%$ $#)'(<".&$, '<1$#$:O"+' 63)'%*4 
)('#)&6'4 % R.#'&'%)*.B, /*(%B1*(B:O"4B 6 %('6*. !$>($<'&%$ )'(<".&$ 6'>4'D.$ 
<1$+'#$(2 *)H'1?>'6$.*: ($>1*-.3; 1*+$.#'6. CL-, - R&' .$*<'1"" 4'O.'" )'"#*.".*", 
%'&'('" '<1$#$"& 63)'%*4 B('6."4 )('#)&6$ % R.#'&'%)*.B * 4'D"& *)H'1?>'6$&?)2 6 
)')&$6" )H"/*K*-")%'+' )'(<".&$, )H')'<.'+' )62>36$&? /*(%B1*(B:O*" EC8, #$D" 6 
%'4H1"%)" ) H'1*%'4H'.".&.34* )&(B%&B($4*. 8 1994 +'#$ PMX B)H"7.' *)H'1?>B"&)2 6 
]H'.** #12 1"-".*2 &2D"1'+' )"H)*)$ * )"H&*-")%'+' 7'%$, ) 2002 +'#$ %$(&(*#D PMX 
H(*4".2"&)2 6 0&$1**, * ) %$D#34 +'#'4 "+' *)H'1?>'6$.*" )&$.'6*&)2 6)" <'1"" 
($)H(')&($."..34. 

WO" '#*. 6$D.3A .:$.) )62>$. ) #*$+.')&*%'A. C($6*1?.')&? 'H("#"1".*2 B('6.2 
R.#'&'%)*.$ 6 %('6* 6 ($4%$; H("#7")&6B:O*; *))1"#'6$.*A $.&*R.#'&'%)*.'6'A 
&"($H** 63>36$"& )'4.".*2. L"&'# 'H("#"1".*2 )'#"(D$.*2 R.#'&'%)*.$ 6 %('6* H'-
H("D."4B 2612"&)2 H("#4"&'4 #12 #*)%B))**. I"4 ." 4"."", 6 .$)&'2O"" 6("42 #')&BH". 
)'6("4"..3A &")& .$ $%&*6.')&? R.#'&'%)*.$, B&6"(D#"..3A FDA. S&'& 4"&'# 4'D"& 
H'4'-? 6 H('6"#".** /"1".$H($61"..'A $.&*R.#'&'%)*.'6'A &"($H** HB&"4 63<'($ 
)''&6"&)&6B:O"A H'HB12/** <'1?.3;. PMX * &")& .$ $%&*6.')&? R.#'&'%)*.$ )')&$612:& 
'#*. *> H"()H"%&*6.3; H'#;'#'6 % 1"-".*: &2D"1'+' )"H)*)$ * )"H&*-")%'+' 7'%$. 
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A(I1"*3) ,&'%:1&$:0$:14@"$2$ 6#14("*+ ,"#$%$&'*"1 ' 
0:*)("("*() 0$4*)*&'*"1 J: )$4(&64+:"$( 
831*)$#(.'%8*( 
8. ,")".&*.* · L. 8'.-*.* · P. =. @*'(" · 9. !"#"11* 
J&#"1 <*'&";.'1'+*A, Politecnico di Milano, +. L*1$., 0&$1*2 
 

>(9(:1% 
F$(BD.3A )1'A %1"&'-.'A '<'1'-%* +($4'&(*/$&"1?.3; <$%&"(*A )'#"(D*& <'1?7'" 
%'1*-")&6' 1*H'H'1*)$;$(*#'6, *>6")&.3; %$% R.#'&'%)*.3. S&* 1*H'H'1*)$;$(*#3 
*+($:& 6"#BOB: ('1? 6 H$&'+".">" )"H&*-")%'+' 7'%$. 0>6")&.', -&' 4'1"%B1$ 
H'1*4*%)*.$ , (CL-,) .$#"1".$ %$% $.&*<$%&"(*$1?.34*, &$% * $.&*R.#'&'%)*.'634* 
)6'A)&6$4*. CL-, )H')'<". 6'>#"A)&6'6$&? .$ .$(BD.3A )1'A %1"&'-.'A '<'1'-%* 
<$%&"(*A * )62>36$&?)2 ) 1*H'H'1*)$;$(*#$4*. I$%*4 '<($>'4 '. ."A&($1*>B"& 
&'%)*-")%*" RKK"%&3 1*H'H'1*)$;$(*#'6. P12 B#$1".*2 R.#'&'%)*.'6 *> )*)&"4.'+' 
%('6'&'%$ *)H'1?>B"&)2 4"&'#*%$ R%)&($%'(H'($1?.'A +"4'H"(KB>**, ').'6$..$2 .$ 
H(*4".".** %$(&(*#D"A, %'&'(3" )'#"(D$& 6'1'%.$ ) *44'<*1*>*('6$..34 CL-, 
(Toraymyxin PMX-F; I'(RA 0.#$)&(*>, +. I'%*', ]H'.*2). , ($4%$; #$..'+' *))1"#'6$.*2 
43 )')("#'&'-*1* )6'* B)*1*2 .$ *))1"#'6$.** 4'1"%B12(.'+' 6>$*4'#"A)&6*2, 
)62>$..'+' ) K'(4*('6$.*"4 %'4H1"%)$ CL-,-R.#'&'%)*.. , -$)&.')&*, #12 '/".%* 
R."(+** 6>$*4'#"A)&6*2 * )*13 6>$*4'#"A)&6*2 #6B; 4'1"%B1 *)H'1?>'6$1$)? 
4'1"%B12(.$2 4";$.*%$. , ;'#" *))1"#'6$.*2 '/".*6$1')? 6>$*4'#"A)&6*" CL-, ) H2&?: 
($>1*-.34* H' )6'"A )&(B%&B(" B-$)&%$4* 4'1"%B13 1*H'H'1*)$;$(*#$. S."(+*2 
6>$*4'#"A)&6*2 <31$ ($))-*&$.$ #12 %$D#'+' 4'1"%B12(.'+' )'"#*.".*2 H(* ($>1*-.'4 
4"D4'1"%B12(.'4 ($))&'2.**, $ H('-.')&? )62>* '/".*6$1$)? .$ ').'6$.** )6"#".*A '< 
R."(+** 6>$*4'#"A)&6*2. !">B1?&$&3 *))1"#'6$.*2 )6*#"&"1?)&6B:&, -&' <1*D."" 
6>$*4'#"A)&6*" 4"D#B CL-, * R.#'&'%)*.$4* 'H')("#'6$.' H("*4BO")&6"..' 
+*#('K'<.34* )*1$4*, &'+#$ %$% H(* #$1?."4 6>$*4'#"A)&6** %'4H1"%) K'(4*(B"&)2 
*)%1:-*&"1?.' <1$+'#$(2 *'..'A )62>*. L"&'#'4 4'1"%B12(.'A 4";$.*%* <31' 
B)&$.'61".', -&' 4$%)*4$1?.$2 )*1$ )62>* #12 %'4H1"%)$ CL-,-R.#'&'%)*. 6$(?*(B"& 6 
#*$H$>'." '& 1,39 #' 3,79 .F. C'.*4$.*" 4";$.*>4$ 6>$*4'#"A)&6*2 6 H("#"1$; '#.'+' 
4'1"%B12(.'+' %'4H1"%)$ *4""& >.$-".*" %$% #12 'H("#"1".*2 4'1"%B12(.3; )6'A)&6 
&$%'+' 6>$*4'#"A)&6*2, &$% * #12 63H'1.".*2 <'1"" 4$)7&$<.'+' $.$1*>$, %'+#$ 
*)H'1?>'6$.*" .$.'7%$13 H($%&*-")%* ."/"1")''<($>.', .' H(*4".*4' #12 '<Y2).".*2 
."%'&'(3; 4'1"%B12(.3; *>4".".*A. 

96&'()%*" H($6$ © (2010 +'#) H(*.$#1"D$& S. Karger AG, +. =$>"1? 
 
8"H)*) - R&' +"."($1*>'6$..$2 *.K"%/*2, %'&'($2 ;$($%&"(*>B"&)2 H(*)B&)&6*"4 <$%&"(*A 
6 )*)&"4.'4 %('6'&'%" (<$%&"(*"4*2). , H')1"#."" 6("42, H$($11"1?.' %1*.*-")%*4 * 
.$B-.34 ($>($<'&%$4, )62>$..34 ) $.&*<*'&*%'&"($H*"A, $%&*6.' *>B-$"&)2 
$.&*R.#'&'%)*.'6$2 &"($H*2. C(* R&'4 6"#"&)2 H'*)% .'63; )H')'<'6 ."H')("#)&6"..'+' 
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6'>#"A)&6*2 .$ R.#'&'%)*., %'&'(3A 2612"&)2 ').'6.34 %'4H'.".&'4 .$(BD.'A '<'1'-%* 
%1"&'-.'A )&".%* +($4'&(*/$&"1?.3; <$%&"(*A. 
J)'<3A *.&"(") 63>36$"& )&($&"+*2 $.&*R.#'&'%)*.'6'A &"($H**, ').'6$..$2 .$ 
H(*4".".** R%)&($%'(H'($1?.'+' B)&('A)&6$ Toraymyxin PMX-F (I'(RA 0.#$)&(*>, +. 
I'%*', ]H'.*2), 6 )&(B%&B(B %'&'('+' 6;'#*& H'1*4*%)*. , (CL-,), K*%)*('6$..3A .$ 
$#)'(<".&". S&' B)&('A)&6' )H')'<.' )"1"%&*6.' B#$12&? R.#'&'%)*. *> /*(%B1*(B:O"A 
%('6*. CL-, H("#)&$612"& )'<'A %$&*'..3A $4K*K*1?.3A /*%1*-")%*A #"%$H"H&*#, 
%'&'(3A 4'D"& H'6("D#$&? %1"&'-.B: )&".%B <$%&"(*A ($.&*<$%&"(*$1?.3A RKK"%&), $ 
&$%D" )62>36$&? <$%&"(*$1?.3" R.#'&'%)*.3 ($.&*R.#'&'%)*.'63A RKK"%&) [1]. 0>6")&.', 
-&' 4")&.'" * )*)&"4.'" 66"#".*" CL-, 6 '(+$.*>4 )'H('6'D#$"&)2 ."K('&'%)*-")%*4 * 
."A('&'%)*-")%*4 #"A)&6*"4, $ R%)&($%'(H'($1?.'" H(*4".".*" H'>6'12"& *><"D$&? 
."<1$+'H(*2&.3; RKK"%&'6, )62>$..3; ) H'H$#$.*"4 4'1"%B1 CL-, 6 %('6'&'%. , )')&$6" 
B)&('A)&6$ Toraymyxin 4'1"%B13 CL-, %'6$1".&.' )62>$.3 ) H'6"(;.')&?: 6'1'%'. 
(&%$.3A 4$&"(*$1, )')&'2O*A *> H'1*H('H*1".$ * \-;1'($/"&$4*#-4"&*1H'1*)&*('1$). 
,3)'%'$4K*K*1?.3" )6'A)&6$ CL-, '<B)1'61".3 .$1*-*"4 +*#('K'<.3; +(BHH, 
H"("4"D$:O*;)2 ) H'1'D*&"1?.' >$(2D"..34* +*#('K*1?.34* ')&$&%$4* 
#*$4*.'4$)12.'A %*)1'&3 (P9LN) [2]. I$%'" )&('".*" H'>6'12"& 4'1"%B1$4 CL-, 
)62>36$&?)2 )' )H"/*K*-")%*4 B-$)&%'4 1*H'H'1*)$;$(*#$ (EC8) - 1*H*#'4 9, $ &$%D" 
."A&($1*>'6$&? &'%)*-")%*" RKK"%&3 EC8 HB&"4 6'>#"A)&6*2 .$ H(')&($.)&6"..B: 
'(*".&$/*: /"H"A D*(.3; %*)1'&. 
EC8 )')&'*& *> +*#('K*1?.'+' H'1*)$;$(*#.'+' #'4".$, )62>$..'+' ) +*#('K'<.34 
1*H*#.34 ";6')&'4" (1*H*# 9). 04"..' R&$ -$)&? EC8 >$1"+$"& 6 .$(BD.'4 )1'" 
%1"&'-.'A )&".%* <$%&"(*A ((*). 1). L'1"%B1$ 1*H*#$ 9 H("#)&$61".$ %$(%$)'4 *> 
#*K')K'(*1*('6$..'+' #*)$;$(*#$ D-+1:%'>$4*.$, %'&'(3A .")"& .$ )"<" #' )"4* 
$)*44"&(*-.' ($)H'1'D"..3; /"H"A D*(.3; %*)1'&. C'1*)$;$(*#.3A K($+4".& )')&'*& 
*> H')1"#'6$&"1?.')&* '1*+')$;$(*#.3; "#*.*/ (J-$.&*+".), $ &$%D" .$(BD.'A * 
6.B&(".."A -$)&* %'(-'1*+')$;$(*#$. J-$.&*+". 'H("#"12"& H(*.$#1"D.')&? % &'4B *1* 
*.'4B )"('&*HB, * H'12(.3" )6'A)&6$ '<O"A )&(B%&B(3 EC8, &'+#$ %$% 1*H*# 9 
'&6"&)&6".". >$ <'1?7*.)&6' H$&'1'+*-")%*; RKK"%&'6 EC8. M ($>.3; 6*#'6 <$%&"(*A 
)&(B%&B($ J-$.&*+".$ )BO")&6"..' '&1*-$"&)2. , &' D" 6("42, .$(BD.$2 * 6.B&("..22 
-$)&* %'(-'1*+')$;$(*#$ ;$($%&"(*>B:&)2 )1$<'A 4"D6*#'6'A 6$(*$<"1?.')&?:, $ 1*H*# 
9 2612"&)2 .$*4"."" *>4".-*6'A -$)&?: EC8 [3-5]. 
,3($D"..')&? R.#'&'%)*-")%'+' RKK"%&$ ("+B1*(B"&)2 )H"/*K*-")%*4 ($6.'6")*"4 
4"D#B +*#('K*1?.34* (%$(%$) *> #*K')K'(*1*('6$..'+' #*)$;$(*#$, *'.*>*('6$..3" 
K')K$&.3" +(BHH3) * +*#('K'<.34* (%'1*-")&6', #1*.$ * H'1'D".*" /"H"A D*(.3; 
%*)1'&) B-$)&%$4* 4'1"%B13 EC8. S&' ($6.'6")*" 'H("#"12"& 4'1"%B12(.3" 4";$.*>43, 
1"D$O*" 6 ').'6" ."<1$+'H(*2&.3; <*';*4*-")%*; RKK"%&'6, *.#B/*('6$..3; 
)62>36$.*"4 EC8 )' )H"/*K*-")%*4* ("/"H&'($4* *44B..'A )*)&"43 6 >#'('63; 
%1"&%$; in vivo. C"(";'# 6 $%&*6.B: K'(4B '<")H"-*6$"&)2 #*4"('4 2-%"&'-3-#">'%)*-
4$..''%&'.'6'A %*)1'&3 (Kdo) 6.B&(".."A -$)&* %'(-'1*+')$;$(*#$, %'&'(3A 
."H')("#)&6"..' )62>$. ) )$;$(*#.34 %$(%$)'4 1*H*#$ 9 [6, 7]. , )&(B%&B(" %'4H1"%)$ 
Kdo-Kdo-1*H*# 9, %'&'(3A .')*& .$>6$.*" ReLPS ((*). 1$), '&(*/$&"1?.3" >$(2#3 
'%$>36$:& ("+B12&'(.'" 61*2.*" .$ *'.*>$/*: #*)$;$(*#.'+' %$(%$)$, '& %'&'('A 
>$6*)*& H'1'D".*" /"H"A D*(.3; %*)1'&. 94K*K*1?.3A ;$($%&"( CL-, '<")H"-*6$"& 
)"1"%&*6.'" )62>36$.*" ) 1*H*#'4 9 EC8. , (">B1?&$&" B)&($.2"&)2 ."<1$+'H(*2&.'" 
61*2.*" R.#'&'%)*.$ .$ %1"&%B. 
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>*'. 1. L'1"%B12(.$2 )&(B%&B($ EC8. 1) L*.*4$1?.$2 )&(B%&B($, ."'<;'#*4$2 #12 
("$1*>$/** R.#'&'%)*.'6'+' RKK"%&$ EC8 (ReLPS), )')&'*& *> 1*H*#$ 9 (#*)$;$(*# D-
+1:%'>$4*.$ [GlcN(I) * GlcN(II)] ) #6B42 K')K$&.34* +(BHH$4* 6 H'1'D".*2; 1 * 4', * 
7")&? /"H"A D*(.3; %*)1'&, )'"#*."..3; ) )$;$(*#.34 %$(%$)'4) * 6.B&(".."A -$)&* 
%'(-'1*+')$;$(*#$ (\-(2, 4)-#*4"( 2-%"&'-3-#">'%)*-4$..''%&'.'6'A %*)1'&3 [Kdo-Kdo 
+(BHH$]). b) C'1.$2 )&(B%&B($ 4'1"%B13 EC8 (S-LPS): % 6.B&(".."A -$)&* %'(-
'1*+')$;$(*#$ * 1*H*#B 9 ReLPS H(*)'"#*.". J-$.&*+". * .$(BD.$2 -$)&? %'(-
'1*+')$;$(*#$ ('&4"-".$ HB.%&*('4). c) 8&(B%&B($ ReLPS 4'.'K')K$&$ (MP): *> 
)&(B%&B(3 ReLPS 6 H'1'D".** 4 B#$1".$ K')K$&.$2 +(BHH$ (B#$1"..$2 K')K$&.$2 +(BHH$ 
'&4"-".$ %($).34 /6"&'4 .$ (*)B.%" 1). d) C("#7")&6"..*% 1*H*#$ 9 (LAP): ReLPS <"> 
#'H'1.*&"1?.3; <'%'63; /"H"A D*(.3; %*)1'& (B#$1"..3" /"H* D*(.3; %*)1'& 
'&4"-".3 )*.*4 /6"&'4 .$ (*)B.%" 1). () L'.')$;$(*# ReLPS (MS), 1*7"..3A '#.'+' *> 
)$;$('6 )$;$(*#.'+' %$(%$)$ [GlcN (II)], )''&6"&)&6B:O*; /"H"A D*(.3; %*)1'& * +(BHH3 
Kdo-Kdo (B#$1"..3" )&(B%&B(3 '&4"-".3 -"(.34 %'.&B('4 .$ (*)B.%" 1). _*)1$, 
H("#)&$61"..3" (2#'4 ) /"H24* D*(.3; %*)1'&, '<'>.$-$:& %'1*-")&6' $&'4'6 B+1"('#$. 
 

S&'& #'%B4".& %($&%' 'H*)36$"& %(BH.'" *))1"#'6$.*" [8], >$#$-$ %'&'('+' )')&'21$ 6 
*>B-".** )*1 6>$*4'#"A)&6*2 EC8 * CL-, .$ 4'1"%B12(.'4 B('6.", $ &$%D" 6 
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H('2).".** 4";$.*>4'6 K'(4*('6$.*2 %'4H1"%)$ EC8-CL-,. , ;'#" *))1"#'6$.*2 <31* 
)'>#$.3 ($>.''<($>.3" 4'1"%B12(.3" 4'#"1* EC8. S."(+*2 6>$*4'#"A)&6*2 EC8 * CL-
, '/".*6$1$)? H(* ($>1*-.'4 4"D4'1"%B12(.'4 ($))&'2.**. P12 '/".%* R."(+** 
6>$*4'#"A)&6*2 *)H'1?>'6$1$)? 4'1"%B12(.$2 4";$.*%$. 
A(%$#7 
, ;'#" *))1"#'6$.*2 <31$ ($>($<'&$.$ * *>B-".$ 4'1"%B12(.$2 4'#"1? CL-,, $ &$%D" 
H2&* ($>1*-.3; 6$(*$.&'6 EC8. L'1"%B12(.3A $.$1*> 63H'1.21)2 H(* H'4'O* 
%'44"(-")%'A 6"()** H('+($443 Hyperchem® 6.01 (T*H"(%?:<, N$.$#$), )H"/*$1?.' 
H("#.$>.$-"..'A #12 ($<'&3 6 '<1$)&* 63-*)1*&"1?.'A ;*4**. 8*1'6'" H'1" (Amber 3) 
<31' )H"/*K*-.34 #12 <*'1'+*-")%*; 4'1"%B1. C'##"(D$.*"4 #*R1"%&(*-")%'A 
H')&'2..'A .$ B('6." 78 #')&*+$1$)? )*4B12/*2 H("#H'1$+$"4'A 6'#.'A )("#3. 

8/+,*7 58-> 
9%&*6.$2 )&(B%&B($ CL-, <31$ 4'#"1*('6$.$ .$ ').'6$.** $&'4.3; %''(#*.$&, 
H("#')&$61"..3; Pristovsek * Kidric [2]. , $%&*6.'4 )')&'2.** 4'1"%B1$ CL-, 6 '<3-.'A 
%'.K*+B($/** )62>$.$ ) 1*H*#'4 9 R.#'&'%)*.$. P12 'H("#"1".*2 $&'4.3; >$(2#'6 
4'#"1* CL-, *)H'1?>'6$1)2 R4H*(*-")%*A 4"&'# Gasteiger * Marsili [9]. P12 
$4*.'+(BHH3 (NH2) %$D#'+' ')&$&%$ P9LN <31 .$>.$-". )B44$(.3A >$(2# +0,5, (, 
'<'>.$-$"& >$(2# R1"%&('.$), %'&'(3A ($6.'4"(.' ($)H("#"121)2 4"D#B #6B42 $&'4$4* 
6'#'('#$. L'1"%B12(.$2 )&(B%&B($ ." 'H&*4*>*('6$1$)? 6 H("#H'1$+$"4'A 6'#.'A )("#" 
#12 )';($.".*2 $%&*6.'A )&(B%&B(3 )62>$..'+' CL-, [2]. I$%*4 '<($>'4 H'##"(D*6$1$)? 
63)'%'$4K*K*1?.$2 %'.K*+B($/*2 4'#"1* CL-,, %'+#$ +*#('K'<.3" ($#*%$13 
($)H'1$+$1*)? .$ '#.'A )&'('.", $ +*#('K*1?.3" ($#*%$13 - .$ H('&*6'H'1'D.'A 
)&'('.". J<O$2 #1*.$ 4'1"%B13 #')&*+$1$ 2,6 .4. 

8/+,*1 A5B 
P*>$A. *))1"#'6$.*2 H("#H'1$+$1 '/".%B 6>$*4'#"A)&6*2 CL-, ) H2&?: ($>1*-.34* 
6$(*$.&$4* EC8 ((*). 1). C'1.$2 )&(B%&B($ 4'1"%B13 EC8 (S-LPS) H'%$>$.$ .$ (*)B.%" 
1b, $ 4*.*4$1?.$2 )&(B%&B($, ."'<;'#*4$2 #12 ("$1*>$/** R.#'&'%)*.'6'+' RKK"%&$ EC8 
(%'&'($2 H("#)&$612"& )'<'A %'4H1"%) Kdo-Kdo-1*H*# 9, ReLPS) - .$ (*)B.%" 1$. L'#"1* 
ReLPS * S-LPS ').'6$.3 .$ $&'4$(.3; 4'#"12;, H("#1'D"..3; Kastowsky * )'$6&. [6]. 
N('4" &'+', #12 '/".%* RKK"%&'6 *'..'+' * +*#('K'<.'+' 6>$*4'#"A)&6*2, 
'H("#"12:O*; K'(4*('6$.*" 4'1"%B12(.'+' %'4H1"%)$, HB&"4 B#$1".*2 ."%'&'(3; 
KB.%/*'.$1?.3; +(BHH *> )&(B%&B(3 ReLPS <31* H'1B-".3 "O" &(* 6$(*$.&$ EC8. , 
-$)&.')&*, H("#7")&6"..*% 4'.'K')K$&$ (L!) *)H'1?>'6$1)2 #12 '/".%* RKK"%&$ 
B4".?7".*2 *'..'+' 6>$*4'#"A)&6*2 >$ )-"& B#$1".*2 K')K$&.'A +(BHH3 6 H'1'D".** 4 
((*). 1)); H("#7")&6"..*% 1*H*#$ 9 (LAP) <31 H'1B-". *> ReLPS ) /"1?: '/".%* 
B4".?7".*2 +*#('K'<.'+' 6>$*4'#"A)&6*2 >$ )-"& B#$1".*2 #'H'1.*&"1?.3; /"H"A 
D*(.3; %*)1'& ((*). 1d); $ 4'.')$;$(*# (MS) <31 4'#"1*('6$. ) /"1?: '/".%* RKK"%&$ 
).*D".*2 %$% *'..'+', &$% * +*#('K'<.'+' 6>$*4'#"A)&6*2 >$ )-"& '&)B&)&6*2 '#.'+' *> 
)$;$('6 )$;$(*#.'+' %$(%$)$, )''&6"&)&6B:O"A K')K$&.'A +(BHH3 * /"H"A D*(.3; 
%*)1'& ((*). 1"). 
P12 'H("#"1".*2 $&'4.3; >$(2#'6 4'#"1* *)H'1?>'6$1)2 4"&'# Gasteiger * Marsili [9], 
').'6$..3A .$ -$)&*-.'A %'4H".)$/** );"43 '(<*&$1?.'A R1"%&(''&(*/$&"1?.')&*. 
M('6".? *'.*>$/** 4'1"%B12(.'A 4'#"1* ReLPS <31 B)&$.'61". 6 )''&6"&)&6** ) 
4"&'#'4, 'H*)$..34 Din * )'$6&. [10]. J&(*/$&"1?.3" >$(2#3 ($)H'1$+$:&)2 .$ #6B; 
K')K$&.3; +(BHH$; 1*H*#$ 9 (-1, #12 %$D#'A K')K$&.'A +(BHH3), $ &$%D" .$ #6B; 
%$(<'%)*1$&.3; +(BHH$; Kdo (-0,5, #12 #6B; $&'4'6 %*)1'('#$ %$D#'A %$(<'%)*1$&.'A 
+(BHH3). M('6".? *'.*>$/** S-LPS <31 B)&$.'61". 6 )''&6"&)&6** ) $&'4.34* >$(2#$4*, 
*)H'1?>'6$..34* #12 K($+4".&$ Kdo-Kdo-1*H*# 9 4'#"1* ReLPS. I("&*A ')&$&'% Kdo 
B)&$.$61*6$1)2 $.$1'+*-.' #6B4 #(B+*4 +(BHH$4 Kdo. 
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S."(+"&*-")%$2 'H&*4*>$/*2 63H'1.21$)? %$% #12 4'#"1* S-LPS, &$% * #12 4'#"1* ReLPS 
) *)H'1?>'6$.*"4 %($&-$A7"+' )HB)%$ * $1+'(*&4$ 4*.*4*>$/** C'1$%$-!$A<"($. , 
(">B1?&$&" <31$ H'1B-".$ H"(6'.$-$1?.$2 )&(B%&B($, '<1$#$:O$2 4*.*4$1?.'A 
H'&"./*$1?.'A R."(+*"A 4'1"%B12(.'A )*)&"43. N'4<*.$/*2 #6B; $1+'(*&4'6 
4*.*4*>$/** H'>6'12"& RKK"%&*6.' H('6")&* H('/"#B(B 'H&*4*>$/**, -&' ).*D$"& 
)&'*4')&? 63-*)1".*A. 
L'#"1* MP, LAP * MS <31* ($>($<'&$.3 .$ ').'6" 'H&*4*>*('6$..'A 4'#"1* ReLPS. 
C(* R&'4 H'##"(D*6$1)2 #'1D.3A B('6".? *'.*>$/**. L'#"1* H("#7")&6"..*%'6 <31* 
'H&*4*>*('6$.3 ) H'4'O?: &'A D" );"43 4*.*4*>$/**, %'&'($2 *)H'1?>'6$1$)? #12 
'H&*4*>$/** %(BH.3; %'4H1"%)'6. 
4"6$,9 61*& (;"1=/+,'69(1C A5B 1 58-> 
C2&? R.#'&'%)*.'63; 4'#"1"A (S-LPS, ReLPS, MP, LAP, MS) <31* '<Y"#*.".3 ) 
4'1"%B12(.'A 4'#"1?: CL-,. , (">B1?&$&" <31* H'1B-".3 H2&? ($>1*-.3; 
4'1"%B12(.3; %'4H1"%)'6 (CS-LPS, CReLPS, CMP, CLAP, CMS). N$D#3A 4'1"%B12(.3A 
%'4H1"%) EC8-CL-, <31 R."(+"&*-")%* 4*.*4*>*('6$. #12 '<")H"-".*2 )&$<*1?.')&* 
)'"#*.".*2 4"D#B CL-, * EC8. 
Q$&"4 'H&*4*>*('6$..3" %'4H1"%)3 *)H'1?>'6$1*)? 6 %$-")&6" H"(6'.$-$1?.'A 
%'.K*+B($/** #12 H')1"#B:O"+' ($)-"&$ )*13 6>$*4'#"A)&6*2 H(* ($>1*-.'4 
4"D4'1"%B12(.'4 ($))&'2.**. L"D4'1"%B12(.'" ($))&'2.*" >$6*)"1' '& )4"O".*2 
4'1"%B13 EC8 '&.')*&"1?.' H'1'D".*2 CL-,. S."(+"&*-")%$2 'H&*4*>$/*2 
63H'1.21$)? 6 #6$ R&$H$ ) /"1?: #')&*D".*2 4*.*4$1?.'A R."(+"&*-")%'A 
%'.K*+B($/**. , -$)&.')&*, .$ H"(6'4 R&$H" 4'1"%B1$ CL-, K*%)*('6$.$, $ EC8 
H'1.')&?: H'#6*D"., &'+#$ %$% .$ 6&'('4 R&$H" H'#6*D.3 '<" 4'1"%B13. J#*.'-.$2 
("$%/*'..$2 %''(#*.$&$ (rPL) <31$ >$#$.$ 6'>#"A)&6*"4 .$ /".&( 4$))3 EC8 (CML) H(* 
H'##"(D$.** K*%)*('6$..'+' H'1'D".*2 /".&($ 4$))3 CL-, (CMP). EC8 H"("#6*+$1)2 
H' 1*.**, )'"#*.2:O"A CML * CMP, ) 7$+'4 0,05 .4. C'%$>$&"1? rPL '&'<($D$"& 
4"D4'1"%B12(.'" ($))&'2.*" * ($))-*&36$"&)2 )1"#B:O*4 '<($>'4: 

222 )()()(
LPLPLP CMCMCMCMCMCMPL zzyyxxr !+!+!=                                                     (1) 
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+#" xk, yk * zk - $&'4$(.3" H(')&($.)&6"..3" %''(#*.$&3, $ mk - $&'4.$2 4$))$ %$D#'+' k 
$&'4$. 
P12 %$D#'+' 4"D4'1"%B12(.'+' ($))&'2.*2 <31$ ($))-*&$.$ R."(+*2 6>$*4'#"A)&6*2 
(E'PL). E'PL ($))-*&36$1$)? HB&"4 63-*&$.*2 H'&"./*$1?.'A R."(+** CL-, (EP) * EC8 
(EL) *> H'&"./*$1?.'A R."(+** /"1'A 4'1"%B12(.'A )*)&"43 (ETOT): 

E'PL = ETOT - EP - EL                                                                                                             (3) 
S."(+*2 6>$*4'#"A)&6*2 (EPL) 4"D#B #6B42 4'1"%B1$4* 6 >$6*)*4')&* '& 
4"D4'1"%B12(.'A #*)&$./** (rPL) <31$ ($))-*&$.$ HB&"4 *.&"(H'1*('6$.*2 H'%$>$&"12 
E'PL 6 )($6.".** ) rPL H')("#)&6'4 H'&"./*$1$ E"..$(#$-PD'.)$ (E-P): 
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+#" a * b - H$($4"&(3 E-P, B)&$.'61"..3" H(* H'4'O* $1+'(*&4$ 4$%)*4$1?.'+' 
)''&6"&)&6*2. , -$)&.')&*, H$($4"&( a '&'<($D$"& ($6.'6").B: R."(+*: (a = EPLmin), $ b - 
($6.'6").B: #1*.B (b21/6 = rPLmin). 

8*1$ )62>* ($))-*&36$"&)2 %$% H"(6$2 H('*>6'#.$2 EPL '&.')*&"1?.' ("$%/*'..'A 
%''(#*.$&3 rPL: 

!
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dE)F(r                                                                                         (5) 

>(364@%1%7 * $H'6D#("*( 
C')1" >$6"(7".*2 H('/"#B(3 ($)-"&$ H'%$>$&"1"A 6>$*4'#"A)&6*2, #12 6)"; %'4H1"%)'6 
<31$ 63H'1.".$ '/".%$ R."(+** 6>$*4'#"A)&6*2. Q$#$-$ )')&'21$ 6 &'4, -&'<3 H('*>6")&* 
%'1*-")&6"..B: '/".%B R."(+** 6>$*4'#"A)&6*2 ) H'4'O?: %(*6'A, '&($D$:O"A 
H'&"./*$1 E-P. S&$ %(*6$2 ;$($%&"(*>B"& %$D#3A %'4H1"%) CL-,-EC8. 8*1$ )62>* 
($))-*&36$1$)? .$ ').'6$.** *.&"(H'1*('6$..3; %(*63; H'&"./*$1$ E-P 6 >$6*)*4')&* 
'& 4"D4'1"%B12(.'+' ($))&'2.*2. 

S."(+*2 6>$*4'#"A)&6*2 6 H("#"1$; %'4H1"%)$ EC8-CL-, 'H("#"12"&)2 
H("*4BO")&6"..' +*#('K'<.34* RKK"%&$4*, %'&'(3" 6 6$.-#"(-6$$1?)'6'4 63($D".** 
'<")H"-*6$:& 96% '<O"A R."(+** 6>$*4'#"A)&6*2. W#*.)&6"..34 *)%1:-".*"4 2612"&)2 
%'4H1"%) CMS, #12 %'&'('+' '<O$2 R."(+*2 6>$*4'#"A)&6*2 H("#)&$61".$ 6$.-#"(-
6$$1?)'634* )62>24* 1*7? .$ 44%, -&' )62>$.' )' >.$-*&"1?.34 )'%($O".*"4 
%'1*-")&6$ /"H"A D*(.3; %*)1'& 6 )&(B%&B(" R&'+' H("#7")&6"..*%$ EC8. 
P*$H$>'.3 4$%)*4$1?.3; H'%$>$&"1"A )*13 6>$*4'#"A)&6*2 H("#)&$61".3 6 &$<1*/" 1 
(H"(6$2 %'1'.%$) #12 %$D#'+' %'4H1"%)$. ='1?7*" %'4H1"%)3 ;$($%&"(*>B:&)2 <'1"" 
63($D"..'A )*1'A 6>$*4'#"A)&6*2 H' )($6.".*: ) %'4H1"%)$4* 4".?7"+' ($>4"($ 
(&$<1*/$ 1, %'1'.%$ 1). I$%$2 ($>.*/$ 'H("#"1"..' )62>$.$ ) 4".?7*4 -*)1'4 
KB.%/*'.$1?.3; +(BHH 6 )&(B%&B(" 4$13; H("#7")&6"..*%'6 EC8. !$>.*/$ 6 )*1" 
6>$*4'#"A)&6*2 ')'<"..' >$4"&.$ #12 CLAP * CMS, .' .")BO")&6"..$ #12 CMP. 
Q$("+*)&(*('6$..3" ')'<"..')&* 6"('2&."" 6)"+' 'H("#"12:&)2 %'1*-")&6'4 /"H"A 
D*(.3; %*)1'& 6 )&(B%&B(" 4'#"1"A EC8 [11]. , #"A)&6*&"1?.')&*, 6 4'#"12; S-LPS, 
ReLPS * MP B-$)&'%, )''&6"&)&6B:O*A 1*H*#B 9, 6%1:-$"& 6 /"H"A D*(.3; %*)1'&, 
&'+#$ %$% 6 )&(B%&B(B LAP * MS 6;'#2&, )''&6"&)&6"..', 4 * 2 /"H* D*(.3; %*)1'&. 
8'+1$).' #$..34, H("#')&$61"..34 Din * )'$6&. [10], 4$%)*4$1?.$2 )*1$ 6>$*4'#"A)&6*2 
;$($%&"(.$ #12 &"; %'4H1"%)'6, %'&'(3" 6%1:-$:& H'1.B: )&(B%&B(B 1*H*#$ 9 (CS-LPS * 
CReLPS). P12 %'4H1"%)'6 CS-LPS * CReLPS 4$%)*4$1?.3" H'%$>$&"1* )*13 )62>* 6$(?*('6$1* 
'& 1,94 #' 3,79 .F. L".?7$2 )*1$ )62>* (#*$H$>'. '& 1,39 #' 1,85 .F) <31$ 
>$("+*)&(*('6$.$ H(* $.$1*>" ')&$1?.3; &("; %'4H1"%)'6 (CMP, CLAP * CMS). 

<1H4*E1 1. U$($%&"(*)&*%$ %'4H1"%)'6 EC8-CL-,: )*1$ )62>* * H$($4"&(3 %(*6'A E-P. 

N'4H1"%) EC8-CL-, Fmax 
(.F) 

a 
(%PD/4'1?) 

b 
(.4) 

CS-LPS 2,69±1,10 274,0±33,0 0,63±0,13 
CReLPS 1,13±1,04 196,0±35,0 0,58±0,16 
CMP 1,28±0,57 222,5±10,7 0,41±0,14 
CLAP 0,98±0,41 156,3±21,8 0,72±0,21 
CMS 0,96±0,84 132,9±31,7 0,46±0,10 
Fmax - 4$%)*4$1?.$2 )*1$ )62>*; a - ($6.'6").$2 R."(+*2; b - ($6.'6").$2 #1*.$. 

 

L";$.*>43 )62>36$.*2 )&(B%&B( CL-, * EC8 '&($D$"& H')1"#'6$&"1?.')&? (*)B.%'6, .$ 
%'&'(3; H'%$>$. %'4H1"%) ReLPS-CL-, H(* ($>1*-.'A #*)&$./** 6>$*4'#"A)&6*2 ((*). 
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2). P12 %$D#'A %'.K*+B($/** H("#)&$61".3 H'%$>$&"1* 4"D4'1"%B12(.'+' ($))&'2.*2 * 
4$%)*4$1?.'A )*13 6>$*4'#"A)&6*2, ($))-*&$..3" H(* H'4'O* H$($4"&('6 E-P, %'&'(3" 
<31* H'1B-".3 HB&"4 $HH('%)*4$/** R."(+"&*-")%'A %(*6'A E-P (b = 0,74 .4 * a = 231 
%PD/4'1? #12 CReLPS). F$ (*)B.%" 2 H'%$>$.3 %'.K*+B($/** ) 4$134 4"D4'1"%B12(.34 
($))&'2.*"4 (A, B * C) * %'.K*+B($/** ) <'1?7*4 4"D4'1"%B12(.34 ($))&'2.*"4 (D-H), 
'&($D$:O*" ($>1*-.B: )&(B%&B(B %'4H1"%)$ H(* 6'>($)&$:O"A 4"D4'1"%B12(.'A 
#*)&$./**. C(* <1*D."4 6>$*4'#"A)&6** )*1$ )62>* )')&$612"& H(*<1*>*&"1?.' 2 .F. , 
&$%'4 )1B-$" 4";$.*>4 )62>36$.*2 '<B)1'61". %$% *'..34*, &$% * +*#('K'<.34* 
RKK"%&$4*, $ )&$<*1*>$/*2 %'4H1"%)$ '<")H"-*6$"&)2 /"H24* D*(.3; %*)1'&. C(* 
#$1?."4 6>$*4'#"A)&6** )*1$ )62>* ).*D$"&)2 6 #")2&%* ($> H' 4"(" B6"1*-".*2 
($))&'2.*2 4"D#B 4'1"%B1$4*. , R&'A )*&B$/** H("6$1*(B:& *'..3" )*13. 

 
>*'. 2. S."(+"&*-")%$2 %(*6$2 E-P, H'1B-"..$2 #12 4'1"%B12(.'+' %'4H1"%)$ CReLPS 
(6"(;.*A +($K*%), * H')1"#'6$&"1?.')&? %'.K*+B($/*A R&'+' 4'1"%B12(.'+' %'4H1"%)$ 
H(* ($>1*-.'4 4"D4'1"%B12(.'4 ($))&'2.** (.*D.*A (*)B.'%). N'.K*+B($/** ) 4$134 
4"D4'1"%B12(.34 ($))&'2.*"4 (A, B * C) ;$($%&"(*>B:&)2 ."<'1?7'A #*)&$./*"A 
4"D#B 4'1"%B1$4* * 63)'%'A H('-.')&?: )62>* (.$ R&'4 R&$H" K'(4*('6$.*2 %'4H1"%)$ 
("+*)&(*(B"&)2 %$% *'..'", &$% * +*#('K'<.'" 6>$*4'#"A)&6*"). N'.K*+B($/** ) 
<'1?7*4 4"D4'1"%B12(.34 ($))&'2.*"4 (D-H) '&1*-$:&)2 4".?7"A H('-.')&?: )62>* (6 
K'(4*('6$.** %'4H1"%)$ H("'<1$#$:& +*#('K'<.3" RKK"%&3). 

 
!">B1?&$&3 *))1"#'6$.*2 )*13 6>$*4'#"A)&6*2 6 ($4%$; %'4H1"%)$ EC8-CL-,, 
H'1B-"..3" 4"&'#'4 4'1"%B12(.'A 4";$.*%*, .")%'1?%' H("637$:& (;'&2 * 6 H("#"1$; 
'#.'+' H'(2#%$) H'%$>$&"1*, >$("+*)&(*('6$..3" 4"&'#'4 $&'4.'-)*1'6'A 4*%(')%'H** 
#12 ($>1*-.3; <*'1'+*-")%*; %'4H1"%)'6: (1) %'4H1"%) $.&*+".-$.&*&"1' (0,1-0,05 .F; 
[12]), (2) <"1%'63A %'4H1"%), B-$)&6B:O*A 6 %1"&'-.'A $#+">** (0,4 .F; [13]); * (3) 
%'4H1"%), '<($>'6$..3A ("/"H&'(.34 <"1%'4 Escherichia coli * )''&6"&)&6B:O*4 
<"1%'634 )B<)&($&'4 (0,4-0,9 .F; [14]). 8($6.".*" (">B1?&$&'6 '/".%* %'4H1"%)'6 EC8-
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CL-,, 63H'1."..'A 6 ;'#" #$..'+' *))1"#'6$.*2, ) 'HB<1*%'6$..34* )6"#".*24* ' 
#(B+*; ($)H(')&($."..3; <*'1'+*-")%*; %'4H1"%)$;, .$6'#*& .$ 43)1? ' &'4, -&' 
%(BH.3" (S-LPS, ReLPS) * 4"1%*" 4'1"%B13-H("#7")&6"..*%* (MP, LAP * MS) )H')'<.3 
K'(4*('6$&? 63)'%')&$<*1?.3" %'4H1"%)3 ) CL-,, $ R&', 6 )6': '-"("#?, H'#&6"(D#$"& 
$.&*R.#'&'%)*-")%*" )6'A)&6$ 4'1"%B1 H')1"#."+'. 

J78$#7 
SKK"%&*6.')&? $.&*R.#'&'%)*.'6'A &"($H** ').'6$.$ .$ )&$<*1?.'4 * )H"/*K*-.'4 
6>$*4'#"A)&6** R.#'&'%)*.$ ) 4'1"%B1$4* CL-, .$ 4'1"%B12(.'4 B('6.". P12 
'H("#"1".*2 )&$<*1?.')&* 6>$*4'#"A)&6*2 CL-, * EC8, 4'1"%B12(.$2 4'#"1? CL-, 
<31$ '<Y"#*.".$ ) H2&?: 4'1"%B12(.34* 4'#"124* EC8, ($>1*-.34* H' )6'"A 
)&(B%&B(". !$)-"& R."(+** 6>$*4'#"A)&6*2 6 H("#"1$; '<($>'6$..3; %'4H1"%)'6 
63H'1.21)2 ) H'4'O?: 4"&'#$ 4'1"%B12(.'A 4";$.*%* H(* ($>1*-.'4 4"D4'1"%B12(.'4 
($))&'2.**. 8*1$ )62>* ($))-*&36$1$)? HB&"4 $HH('%)*4$/** )6"#".*A '< R."(+** 
6>$*4'#"A)&6*2 * R."(+"&*-")%'A %(*6'A E-P. 8'+1$).' (">B1?&$&$4 $.$1*>$, 
4$%)*4$1?.3" H'%$>$&"1* )*13 )62>* #12 ($>1*-.3; %'4H1"%)'6 CL-,-EC8 6$(?*('6$1* 
6 #*$H$>'." '& 1,94 #' 3,79 .F (4$%)*4$1?.3" >.$-".*2 H("#)&$61".3 6 &$<1*/" 1), -&' 
)'+1$)B"&)2 ) #$..34*, H'1B-"..34* #12 #(B+*; <*'1'+*-")%* >.$-*43; %'4H1"%)'6, $ 
&$%D" H'#&6"(D#$"& )H')'<.')&? CL-, )&$<*1?.' )62>36$&?)2 ) %(BH.34* 4'1"%B1$4* 
EC8 * H("#7")&6"..*%$4* &$%*; 4'1"%B1. L";$.*>4 6>$*4'#"A)&6*2 H(* %'('&%'4 
4"D4'1"%B12(.'4 ($))&'2.** ').'6$. .$ #"A)&6** *'..3; * +*#('K'<.3; )*1, &'+#$ %$% 
H(* <'1?7'4 ($))&'2.** 4"D#B 4'1"%B1$4* #'4*.*(B:& *'..3" )*13. 

0>B-".*" %'4H1"%)'6 EC8-CL-, .$ 4'1"%B12(.'4 B('6." 4'D"& H("#')&$6*&? /"..3" 
)6"#".*2 #12 H')1"#B:O*; <'1"" 4$)7&$<.3; #*.$4*-")%*; *))1"#'6$.*A ) 
H(*4".".*"4 4.'+'B('6."6'+' H'#;'#$ #12 '/".%* RKK"%&*6.')&* B)&('A)&6, 
H("#.$>.$-"..3; #12 B#$1".*2 R.#'&'%)*.$. , -$)&.')&*, .$ B('6." 4*%('7%$13 4'D.' 
63H'1.*&? '/".%B +*#('#*.$4*%* 6 %$(&(*#D". I$%*4 '<($>'4, )&$.'6*&)2 6'>4'D.34 
#$1?."A7"" *>B-".*" %'.%B(".&.'+' 6>$*4'#"A)&6*2 61"%BO"A )*13 H'&'%$ D*#%')&*, 
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)("#."4$)7&$<.'4 $.$1*>". , (">B1?&$&" <31 H'1B-". ("$1*)&*-.3A #*$H$>'. 
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63($D"..'" &'%)*-")%'" 61*2.*" .$ H'-%* * /".&($1?.B: ."(6.B: )*)&"4B [9-11]. P12 
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#*>$A.'4 B)&('A)&6$. , 1994 +'#B %'4H$.*2 I'(RA L"#*%$1 (+. I'%*', ]H'.*2) 636"1$ .$ 
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H('+($44.'" '<")H"-".*" Fluent (%'(H'($/*2 S.)*)). C(* 4'#"1*('6$.** )'<1:#$1*)? 
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%'&'($2 H'#-*.2"&)2 >$%'.B P$()*: 
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)-1 [20]. 
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, * 8 6;'#2& H("'<($>'6$..3" )1'* 6'1'%'.. , ($4%$; %$D#'+' <1'%$ '<Y"4 D*#%')&* 
(($))-*&$..3A HB&"4 63-*&$.*2 '<Y"4$ <1'%$ *> '<Y"4$ &6"(#'A K$>3)  *>4"(21)2 230000 
-"&3(";+($..34* 2-"A%$4*. 
J<O*" B)1'6*2 H('6"#".*2 )("#."4$)7&$<.'+' *))1"#'6$.*2 <31* $.$1'+*-.3 &$%'634 
%(BH.'4$)7&$<.'+' *))1"#'6$.*2: H1'&.')&? %('6* (c) = 1060 %+ 4-3 * 62>%')&? (µ) = 
4,0·10-3 %+ 4-1 )-1. N'4H?:&"(.'" +*#('#*.$4*-")%'" 4'#"1*('6$.*" 63H'1.21')? H(* 
)%'(')&* 6;'#2O"+' H'&'%$, )''&6"&)&6B:O"A .$*<'1?7"4B H'%$>$&"1:, H'1B-"..'4B 6 
($4%$; %(BH.'4$)7&$<.'+' *))1"#'6$.*2. C')1" H'6&'(.'A '<($<'&%* <31 
>$("+*)&(*('6$. #*$H$>'. H'%$>$&"1"A %$)$&"1?.'+' .$H(2D".*2, ."'<;'#*43A #12 
H')1"#B:O"+' 4*%('4$)7&$<.'+' *))1"#'6$.*2. 

81)./="6E9"?%/, 166*,+/("%1,: )/%)#.,%H1C =,G+# (*,)#F,' 61*/' D/9/)" 1 61*/' 
6H,D*,%1C 58-> 6 =/*,)#*"=1 I%+/9/)61%" 
, ($4%$; 4*%('4$)7&$<.'+' *))1"#'6$.*2 *>4"(".*2 H('*>6'#*1*)? .$ 
)B<4*%('4"&('6'4 B('6.". C(* &$%'4 4$)7&$<" 4'D.' *>B-*&? #6*D".*" 4'1"%B13 
R.#'&'%)*.$, 63>6$..'" )*1$4*, 6'>#"A)&6B:O*4* .$ R&B 4'1"%B1B, $ *4"..' 61"%BO"A 
)*1'A H'&'%$ D*#%')&* * )*1'A 4"D4'1"%B12(.'+' 6>$*4'#"A)&6*2, %'&'($2 *>4"(2"&)2 
H(* H'4'O* 4"&'#'6 4'1"%B12(.'A 4";$.*%*. L$)7&$< $.$1*>*(B"43; RKK"%&'6 
#')&$&'-.' 4$1 #12 *>'1*('6$..'A '/".%* +*#('#*.$4*%* "#*.'+' )1'2 H1$>43, 
H(*1"D$O"+' % H'6"(;.')&* 6'1'%'.. , )62>* ) R&*4 <31$ *)H'1?>'6$.$ #6B;4"(.$2 
%$(&">*$.)%$2 )*)&"4$ %''(#*.$&: ')? z ($)H'1$+$"&)2 .$ H'6"(;.')&* 6'1'%.$ * 
'(*".&*('6$.$ 6 .$H($61".** &'%$ H1$>43, $ H'1'D*&"1?.3" y-%''(#*.$&3 *>4"(2:& 
($))&'2.*" '& H'6"(;.')&*. V*#%')&? ;$($%&"(*>'6$1$)? )#6*+'634 &"-".*"4. C(* R&'4 
)%'(')&? <31$ H$($11"1?.$ ')* z * H('H'(/*'.$1?.$ y-%''(#*.$&$4, $ )#6*+ >$6*)"1 '& 
)%'(')&* %$)$&"1?.'+' .$H(2D".*2. C("#H'1$+$1')?, -&' )%'(')&.'A H('K*1? ." >$6*)"1 
'& .$1*-*2 #6*DBO*;)2 -$)&*/. C1$>4$ ;$($%&"(*>'6$1$)? )1"#B:O*4* H'%$>$&"124*: 
H1'&.')&? (c) = 1035 %+ 4-3 * 62>%')&? (µ) = 1,6·10-3 %+ 4-1 )-1. L'#"1*('6$.*" 63H'1.21')? 
H(* H2&* ($>1*-.3; H'%$>$&"12; %$)$&"1?.'+' .$H(2D".*2. C(* 4'#"1*('6$.** 
*)H'1?>'6$1)2 #*$H$>'., B)&$.'61"..3A 6 ($4%$; )("#."4$)7&$<.'+' *))1"#'6$.*2. 

8B)H".#*('6$..3" 4'1"%B13 R.#'&'%)*.$ <31* H("#)&$61".3 )K"(*-")%*4* -$)&*/$4*, 
($#*B) %'&'(3; <31 ($))-*&$. .$ ').'6" )''&6"&)&6B:O*; 6$.-#"(-6$$1?)'63; 
4'1"%B12(.3; '<Y"4'6. C("#H'1$+$1')?, -&' H'# #"A)&6*"4 H'&'%$ D*#%')&* R&* -$)&*/3 
H'#-*.2:&)2 >$%'.B 8&'%)$: 

Fd = 6 d µ req (v - vp), 
+#" Fd - 6"%&'( %$)$&"1?.'+' .$H(2D".*2, $ v - vp - ($>.*/$ 4"D#B 6"%&'('4 )%'(')&* 
H'&'%$ * 6"%&'('4 )%'(')&* -$)&*/. C(* 4'#"1*('6$.** B-*&36$1$)? %$% H'1.$2 
)&(B%&B($ R.#'&'%)*.$ (S-LPS, H(*6"#"..3A ($#*B) (req) = 1,56 .4), &$% * 4*.*4$1?.$2 
)&(B%&B($ R.#'&'%)*.$, #"4'.)&(*(B:O$2 "+' $%&*6.')&? (ReLPS, req = 1,07 .4) [21]. 
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L'1"%B13 CL-, ($>4"O$1*)? .$ H'6"(;.')&* 6'1'%'., $ B-$)&%* )62>36$.*2 <31* 
.$H($61".3 .$(BDB H(* y = 2,6 .4 H' #1*." 6)"A 4'1"%B13. P*.$4*%$ -$)&*/ 
R.#'&'%)*.$ '/".*6$1$)? %$% (2#'4 ) '#*.'-.'A *44'<*1*>*('6$..'A 4'1"%B1'A CL-,, 
&$% * 6 H(*)B&)&6** )1'2 4'1"%B1 CL-,, ($6.'4"(.' ($)H("#"1"..3; H' H'6"(;.')&* 
6'1'%'.. , H')1"#."4 )1B-$", .$ ').'6$.** #$..3;, H("#')&$61"..3; H('*>6'#*&"1"4, 
<31$ *><($.$ )("#.22 H1'&.')&? 0,25 4'1"%B1/.42, &' ")&? (6 #6B;4"(.'A H('"%/**) 
)("#.22 1*."A.$2 H1'&.')&? )''&6"&)&6'6$1$ H(*<1*>*&"1?.' 1 4'1"%B1" .$ %$D#3" 2 .4. 

8*1$ 4'1"%B12(.'+' 6>$*4'#"A)&6*2 <31$ H(*1'D".$ % /".&(B 4$))3 -$)&*/3 
R.#'&'%)*.$ * .$H($61".$ 6 )&'('.B B-$)&%$ )62>36$.*2 ) CL-,. W" 6"1*-*.$ >$6*)"1$ '& 
4"D4'1"%B12(.'A #*)&$./** (r) * 63($D$1$)? H'&"./*$1'4 E"..$(#$-PD'.)$ 
(H'1'D*&"1?.3" >.$-".*2 '<'>.$-$:& H(*&2D".*"): 

!
"

#
$
%

&
'= 7

6

13

12

224
PLPL

LJ r
ó

r
óåF , 

+#" a * b - H$($4"&(3 )''&6"&)&6B:O"+' 63($D".*2 R."(+** 6>$*4'#"A)&6*2 (b = 0,63 .4 
* a = 274 %PD/4'1? #12 6>$*4'#"A)&6*2 S-LPS ) CL-,, * b = 0,58 .4 * a = 196 %PD/4'1? 
#12 6>$*4'#"A)&6*2 ReLPS ) CL-,; H'%$>$&"1* 63<($.3 ) B-"&'4 4*.*4$1?.'A H*%'6'A 
)*13 H(*&2D".*2; )4. +1$6B, .$H*)$..B: .$7*4 %'11"+'A). 
>(364@%1%7 
3.#D%/="6E9"?%/, 166*,+/("%1, 
!">B1?&$&3 4'#"1*('6$.*2 H'%$>$1*, -&' ($)H("#"1".*" H'%$>$&"1"A )%'(')&* 6 >'." 
)'(</** 2612"&)2 #')&$&'-.' '#.'('#.34. C(*4"( H("#)&$61". .$ (*)B.%" 1b. P$D" ")1* 
6 >'." ($)H("#"1".*2 (6 -$)&.')&*, 6 &'4 4")&", +#" H'&'% *>4".2"& )6'" .$H($61".*") 
("+*)&(*('6$1*)? <'1"" 63)'%*" H'%$>$&"1* )%'(')&* H'&'%$ (4$%)*4$1?.3A H'%$>$&"1?: 
8 44/)), H' 4"(" '&&'%$ D*#%')&* '& ($)H("#"1*&"12 % >'." )'(</** )%'(')&? H'&'%$ 
<3)&(' ).*D$1$)?. , >'." )'(</** B-$)&%* 4$%)*4$1?.'A )%'(')&* H'&'%$ ($)H'1$+$:&)2 
."H')("#)&6"..' .$# H'6"(;.')&?: )'(<".&$ (#*$H$>'. '& 0,354 #' 0,356 44/)). S&'& 
H'%$>$&"1? <31 H'-&* ."-B6)&6*&"1". % H('.*/$"4')&* \, 62>%')&* µ *1* ')"6'4B 
H'1'D".*:. 
B.,+%,="6E9"?%/, 166*,+/("%1, 
F$ (*)B.%$; 1c-e #12 &("; <1'%'6 H("#)&$61".3 H'%$>$&"1* %$)$&"1?.'+' .$H(2D".*2 6 
D*#%')&*, %'.&$%&*(B:O"A ) H'6"(;.')&?: 6'1'%'.. =1'% 9, H("#)&$61"..3A H'1.')&?: 
BH'(2#'-"..34* )1'24* 6'1'%'., ;$($%&"(*>'6$1)2 #')&$&'-.' +'4'+"..34 %$)$&"1?.34 
.$H(2D".*"4, &'+#$ %$% <1'%* , * 8 '&1*-$1*)? ."($6.'4"(.')&?: )''&6"&)&6B:O*; 
H'%$>$&"1"A. 
!$)H("#"1".*" H'%$>$&"1"A %$)$&"1?.'+' .$H(2D".*2 H' -$)&'&" ;$($%&"(*>'6$1')? 
H("'<1$#$.*"4 .*>%*; >.$-".*A. J).'6.3" H'%$>$&"1* ($)H("#"1".*2, 
>$("+*)&(*('6$..3" #12 <1'%'6 9, , * 8 (4"#*$.$, #"62.')&3A H('/".&*1? * 4$%)*4B4), 
H("#)&$61".3 6 &$<1*/" 1. F$*4"."" <1$+'H(*2&.3" H'%$>$&"1* <31* H'1B-".3 #12 
<1'%'6 , * 8. 04"..' '.* *)H'1?>'6$1*)? 6 %$-")&6" %'.&('1?.3; >.$-".*A %$)$&"1?.'+' 
.$H(2D".*2 6 4*%('4$)7&$<.'A 4'#"1*. 
<1H4*E1 1. Q.$-*43" H'%$>$&"1* %$)$&"1?.'+' .$H(2D".*2, >$("+*)&(*('6$..3" 6 ($4%$; 
)("#."4$)7&$<.'+' *))1"#'6$.*2. 

J<'>.$-".*" 
<1'%$ 

N'1*-")&6' 
R1"4".&'6 6 
)&".%" 6'1'%.$ 

L"#*$.$ 
%$)$&"1?.'+' 

.$H(2D".*2 (C$) 

90-A H('/".&*1? 
%$)$&"1?.'+' 

.$H(2D".*2 (Ca) 

L$%)*4$1?.3A 
H'%$>$&"1? 
%$)$&"1?.'+' 

.$H(2D".*2 (Ca) 
A 25066 0,0657 0,364 0,824 
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B 21423 0,140 1,04 4,91 
C 16756 0,154 0,935 2,89 

 
81)./="6E9"?%/, 166*,+/("%1, 
, H(*)B&)&6** '#*.'-.'A 4'1"%B13 CL-,, K*%)*('6$..'A .$ H'6"(;.')&* 6'1'%.$, 
H'6"#".*" -$)&*/3 R.#'&'%)*.$ >$6*)*& %$% '& H"(6'.$-$1?.'+' ($))&'2.*2 #' )&".%* 
6'1'%.$, &$% * '& 63($D"..')&* %$)$&"1?.'+' .$H(2D".*2. C(* 1:<'4 %$)$&"1?.'4 
.$H(2D".** (#*$H$>'. '& 0,06 #' 5 C$) )BO")&6B"& H'('+'6'" >.$-".*" (yT). _$)&*/3, 
%'&'(3" .$-*.$:& #6*D".*" H(* y < yT, >$;6$&36$:&)2 4'1"%B1'A CL-,, &'+#$ %$% 
-$)&*/3, .$-*.$:O*" #6*D".*" H(* y > yT, B61"%$:&)2 H'&'%'4 D*#%')&*. F$ (*)B.%" 2$ 
+($K*-")%* H("#)&$61".$ >$6*)*4')&? 4"D#B H'('+'634* #*)&$./*24* 4'1"%B1 S-LPS * 
ReLPS, * H'%$>$&"124* %$)$&"1?.'+' .$H(2D".*2. C1')%')&? y ($>#"1".$ .$ #6" >'.3: >'.$ 
)62>36$.*2 (.*D" 1*.**), 'H("#"12:O$2 B)1'6*2 #12 >$;6$&$ * )62>36$.*2 R.#'&'%)*.$ ) 
4'1"%B1'A CL-,, * >'.$ '&)B&)&6*2 )62>36$.*2, 'H*)36$:O$2 B)1'6*2, H(* %'&'(3; 
H("6$1*(B"& %$)$&"1?.'" .$H(2D".*". 

 
>*'. 2. L*%('4$)7&$<.'" *))1"#'6$.*". 1) ,>$*4')62>? 4"D#B H'('+'6'A #*)&$./*"A * 
%$)$&"1?.34 .$H(2D".*"4, >$("+*)&(*('6$..$2 #12 4'1"%B1 S-LPS * ReLPS 6 
H(*)B&)&6** '#*.'-.'A 4'1"%B13 CL-,, K*%)*('6$..'A .$ H'6"(;.')&* )'(<".&$. 
N$D#$2 1*.*2 ($>#"12"& H1')%')&? .$ 2 >'.3: >'.$ )62>36$.*2 * >'.$ '&)B&)&6*2 

J&)B&)&6*" 
)62>36$.*2 

862>36$.*" 

z (.4) 

z (.4) 

y 
(.
4)

 

y 
(.
4)

 

N$)$&"1?.'" .$H(2D".*" (C$) 

C
'(
'+
'6
$2

 #
*)
&$
./
*2

 y
T (
.4

) 
y 

(.
4)

 

z (.4) 



56                                           T*#('#*.$4*%$ $#)'(</** R.#'&'%)*.$. @*'(" · 8'.-*.* · ,")".&*.* · !"#"11* 

)62>36$.*2. C'%$>$&"1* %$)$&"1?.'+' .$H(2D".*2 H("#)&$61".3 .$ 1'+$(*K4*-")%'A 
7%$1". F$ 6)&$6%$; H'%$>$.3 &($"%&'(** -$)&*/, &*H*-.3" #12 )62>36$.*2 * '&)B&)&6*2 
)62>36$.*2. b) I($"%&'(** -$)&*/ R.#'&'%)*.$ H(* ($6.'4"(.'4 ($)H("#"1".** 4'1"%B1 
CL-, .$ H'6"(;.')&* 6'1'%'. )'(<".&$. , #$..'4 )1B-$", -$)&*/3 ReLPS .$-*.$:& 
#6*D".*" .$ ($))&'2.** 20-30 .4 '& H'6"(;.')&* (7$+ - 2 .4) H(* %$)$&"1?.'4 
.$H(2D".** 5 C$. 
 

C(* .$1*-** )1'2 4'1"%B1 CL-,, ($6.'4"(.' ($)H("#"1"..'+' H' H'6"(;.')&* 6'1'%'., 
$ &$%D" H(* '&)B&)&6** %$%*;-1*<' H("H2&)&6B:O*; K$%&'('6, -$)&*/$ R.#'&'%)*.$ 
'H("#"1"..' <B#"& )&("4*&?)2 % )1': CL-, ((*). 2b). I"4 ." 4"."", #$D" ."<'1?7'" 
B6"1*-".*" H"(6'.$-$1?.'A #*)&$./** '& -$)&*/3 R.#'&'%)*.$ #' )&".%* 6'1'%.$ 
)H')'<)&6B"& >.$-*&"1?.'4B B6"1*-".*: ($))&'2.*2, %'&'('" -$)&*/$ #'1D.$ H('A&* #' 
H'6"(;.')&* )'(<".&$, +#" '.$ <B#"& >$;6$-".$ 4'1"%B1'A CL-,. 

GH'6D#("*( 
C('/")) $#)'(</** R.#'&'%)*.$ 6 B)&('A)&6" Toraymyxin ').'6$. .$ )H')'<.')&* 
*44'<*1*>*('6$..'+' CL-, 63)'%')H"/*K*-.' * .$#"D.' )62>36$&? R.#'&'%)*.3. 
@'(4*('6$.*" )62>* 'H("#"12"&)2 +*#('K'<.34 6>$*4'#"A)&6*"4 H(* %'('&%'A 
4"D4'1"%B12(.'A #*)&$./** (#' 1 .4), $ &$%D" R1"%&(')&$&*-")%*4 6>$*4'#"A)&6*"4 H(* 
<ó1?7"4 ($))&'2.** 4"D#B 4'1"%B1$4*. S1"%&(')&$&*-")%'" 6>$*4'#"A)&6*" 
>.$-*&"1?.' )1$<"" +*#('K'<.'+'. 81"#'6$&"1?.', '<")H"-".*" #'1D.'+' %'.&$%&$ 
.$)3O"..'A R.#'&'%)*.'4 H1$>43 ) H'6"(;.')&?: 6'1'%'. )'(<".&$ 2612"&)2 6$D.34 
K$%&'('4, 'H("#"12:O*4 RKK"%&*6.'" B#$1".*" R.#'&'%)*.$. , R&'A ($<'&" 43 
)%'./".&(*('6$1* 6.*4$.*" .$ +*#('#*.$4*-")%*; )6'A)&6$; %('6* * H1$>43. L3 
.$-$1* ) $.$1*>$ '<O"A +*#('#*.$4*%*, $ >$&"4 H"("71* .$ )B<4*11*4"&('63A * 
)B<4*%('4"&('63A B('6".?. C(* H"(";'#" ) '#.'+' B('6.2 .$ #(B+'A, *> )''<($D".*A 
<">'H$).')&* 43 *)H'1?>'6$1* ;B#7*" H'%$>$&"1* (H"))*4*)&*-")%*A H'#;'#), -&'<3 
H'1B-*&? '<O"" H("#)&$61".*" ' .$*<'1"" ."<1$+'H(*2&.3; 6$(*$.&$; ($<'&3 
B)&('A)&6$. M-*&36$2 *);'#.3" H("#H')31%*, )'+1$).' (">B1?&$&$4 .$7"+' *))1"#'6$.*2 
*44'<*1*>*('6$..3A CL-, )H')'<". >$;6$&36$&? 4'1"%B13 R.#'&'%)*.$ *> )1'2 
H1$>43, H(')&*($:O"+')2 .$ #")2&%* .$.'4"&('6 '& H'6"(;.')&* 6'1'%'. )'(<".&$. U'&2 
R&' 1*7? ."<'1?7$2 -$)&? )1'2 H1$>43, )''&6"&)&6B:O"" ($))&'2.*" >.$-*&"1?.' 
H("637$"& *.&"(6$1 <1*D."+' #"A)&6*2, ."'<;'#*43A #12 K'(4*('6$.*2 $<)'1:&.' 
)&$<*1?.'A 4"D4'1"%B12(.'A )62>*. 

, ($4%$; 4.'+'B('6."6'+' 4'#"1*('6$.*2, ').'6.$2 >$#$-$ %(BH.'4$)7&$<.'+' 
*))1"#'6$.*2 )')&'21$ 6 ("+*)&($/** H*%'63; >.$-".*A )%'(')&* H'&'%$ 6 >'." )'(</**. 
F$*<'1"" ."<1$+'H(*2&.3" H'%$>$&"1* <31* 6%1:-".3 6 H')1"#B:O"" )("#."4$)7&$<.'" 
*))1"#'6$.*". I"4 ." 4"."", #12 <'1?7"A -$)&* )'(<".&$ H'%$>$&"1* )%'(')&* H'&'%$ 
'%$>$1*)? .$4.'+' .*D" H*%'63; >.$-".*A, >$("+*)&(*('6$..3; ."H')("#)&6"..' B 
H'6"(;.')&* 6'1'%'.. J#.'('#.')&? H'%$>$&"1"A )%'(')&* H'&'%$ +'6'(*& ' &'4, -&' 
#')&BH.3A '<Y"4 )'(<".&$ RKK"%&*6.' R%)H1B$&*(B"&)2 H'&'%'4 %('6*. S&' .$<1:#".*" 
H'#&6"(D#$"& (">B1?&$&3 H("#7")&6B:O*; R%)H"(*4".&'6 [22]. Q$&"4, .$ 
)("#."4$)7&$<.'4 B('6." <31* )%'.)&(B*('6$.3 ("$1*)&*-.3" &(";4"(.3" 4'#"1* 
H'&'%$ 6<1*>* 6'1'%'., K'(4*(B:O*; $#)'(<*(B:O*A 4$&"(*$1. , (">B1?&$&" <31 
H'1B-". #*$H$>'. .$*<'1"" ."<1$+'H(*2&.3; H'%$>$&"1"A %$)$&"1?.'+' .$H(2D".*2 6 
D*#%')&*, %'.&$%&*(B:O"A ) H'6"(;.')&?: 6'1'%'. )'(<".&$. S&'& #*$H$>'. 
*)H'1?>'6$1)2 6 ($4%$; $.$1*>$, 63H'1."..'+' .$ 4*%('B('6.". P12 4*%('4$)7&$<.'+' 
*))1"#'6$.*2 <31 63<($. B('6".? .$<1:#".*2, H(* %'&'('4 D*#%')&? 6)" "O" 4'D.' 
($))4$&(*6$&? %$% ."H("(36.B: )("#B, $ 4'1"%B13 R.#'&'%)*.$ 4'D.' H("#)&$6*&? %$% 
)B)H".#*('6$..3" -$)&*/3. I$%'A 4$)7&$< H'>6'1*1 .$4 *>B-*&? K".'4". 1'%$1?.'A 
$#)'(</** R.#'&'%)*.$ ) &'-%* >(".*2 %'.%B(".&.'+' 6>$*4'#"A)&6*2 )*13 H(*&2D".*2 
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4'1"%B1 CL-,, K*%)*('6$..3; .$ H'6"(;.')&* )'(<".&$, * 61"%BO"A )*13 H'&'%$, 
>$)&$612:O"A 4'1"%B13 R.#'&'%)*.$ #6*+$&?)2 64")&" ) H'&'%'4 D*#%')&* (*, 
)1"#'6$&"1?.', 63;'#*&? *> B)&('A)&6$). F$7 $.$1*> <31 BH('O". '&.')*&"1?.' 
("$1?.3; B)1'6*A. L3 ." B-*&36$1* H(')&($.)&6"..3" ')'<"..')&* 4'1"%B1, >$ 
*)%1:-".*"4 *; ($>4"('6 (H(*6"#"..3A ($#*B) 4'1"%B1 R.#'&'%)*.$; #1*.$ 4'1"%B1 
CL-,, K*%)*('6$..3; .$ H'6"(;.')&* )'(<".&$). N$)$&"1?.'" .$H(2D".*" <31' 
63($D".' %1$))*-")%*4 >$%'.'4 8&'%)$, .")4'&(2 .$ <1*>')&? )''&6"&)&6B:O"+' H("#"1$ 
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4'1"%B13 6'#3). I"4 ." 4"."", <1$+'#$(2 )6'"A BH('O"..')&*, ($>($<'&$..$2 4'#"1? 
'<1$#$"& #')&$&'-.'A 4'O.')&?: #12 'H*)$.*2 6$D.3; ')'<"..')&"A 6>$*4'#"A)&6*2. 
8H')'<.')&? 4'1"%B1 CL-,, K*%)*('6$..3; .$ H'6"(;.')&* 6'1'%'., >$;6$&36$&? 
R.#'&'%)*.3 <31$ *>B-".$ HB&"4 '&)1"D*6$.*2 &($"%&'(*A #6*D".*2 4'1"%B1 
R.#'&'%)*.$, H"("4"O$:O*;)2 64")&" ) H'&'%'4 D*#%')&* .$ ($>1*-.'4 ($))&'2.** '& 
H'6"(;.')&*. F"'D*#$..34 '&%(3&*"4 <31' &', -&' H(* #*$H$>'." H'%$>$&"1"A 
%$)$&"1?.'+' .$H(2D".*2, ';6$&36$:O"4 #6$ H'(2#%$ (0,06-5 C$), '#*.'-.$2 4'1"%B1$ 
CL-, )H')'<.$ >$;6$&36$&? 4'1"%B13 R.#'&'%)*.$, %'&'(3" .$;'#2&)2 .$ ($))&'2.** 10-
20 .4 '& H'6"(;.')&* 6'1'%'., $ 6"#? R&' #')&$&'-.' <'1?7'" ($))&'2.*" #12 
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,$D.' H'.*4$&?, -&' H(* &$%'A #*)&$./** )*1$ 4'1"%B12(.'+' H(*&2D".*2 6 8-10 ($> 
.*D" 4$%)*4$1?.'A )*13 H(*&2D".*2. C(* )*."(+*-")%'A ($<'&" 4.'D")&6"..3; 
4'1"%B1 CL-,, ($6.'4"(.' ($)H("#"1"..3; .$ H'6"(;.')&* )'(<".&$, >$;6$& 4'1"%B1 
R.#'&'%)*.$ 4'D"& H('*);'#*&? #$D" .$ ($))&'2.**, H("637$:O"4 20 .4. I"4 ." 4"."", 
#12 6>$*4'#"A)&6*2 .$ &$%'4 ($))&'2.** ."'<;'#*4', -&'<3 4'1"%B1$ R.#'&'%)*.$ 
H('#6*+$1$)? 6<1*>* H'6"(;.')&* )'(<".&$ .$ H('&2D".**, H' 4".?7"A 4"(", .")%'1?%*; 
4*%('4"&('6. , (">B1?&$&" 6'>($)&$"& 6"('2&.')&? &'+', -&' 6'>4BO$:O*A H'&"./*$1 (." 
B-*&36$"&)2 6 .$7"4 R%)H"(*4".&") '%$D"& 61*2.*" .$ 4'1"%B12(.'" H(*&2D".*". 
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JH*)$..3A 6 #$..'A )&$&?" 4.'+'B('6."63A H'#;'# H'>6'12"& )')&$6*&? '<O"" 
H("#)&$61".*" ' 4";$.*>4$;, '%$>36$:O*; 61*2.*" .$ $.&*R.#'&'%)*.'63A RKK"%& 
B)&('A)&6$ Toraymyxin. ,<1*>* H'6"(;.')&* 6'1'%'. )'(<".&$, #$D" H(* #')&$&'-.' 
63)'%*; H'%$>$&"12; %$)$&"1?.'+' .$H(2D".*2, H'-&* 4+.'6"..' #'1D". K'(4*('6$&?)2 
)1'A D*#%')&*, 1*7"..3A 4'1"%B1 R.#'&'%)*.$. Q$ H("#"1$4* 'H("#"1"..'A #*)&$./** 
(#")2&%* .$.'4"&('6) CL-, ." <B#"& '%$>36$&? )BO")&6"..'+' 61*2.*2 .$ %'./".&($/*: 
R.#'&'%)*.$. N$% )1"#)&6*" R&'+', #'1D". H'26*&?)2 %'./".&($/*'..3A +($#*".&, 
)H')'<)&6B:O*A #*KKB>** 4'1"%B1 R.#'&'%)*.$ H' .$H($61".*: % )&".%" 6'1'%'. 
)'(<".&$. C')%'1?%B D*#%')&? H("#)&$61".$ )1'"4 H1$>43, #*KKB>*2 #'1D.$ 63)&BH*&? 
6 ('1* ').'6.'+' K$%&'($, 1*4*&*(B:O"+' 6)$)36$.*". S&' '+($.*-".*" (.$(2#B ) 
K$%&'('4 .$)3O".*2 )'(<".&$, %'&'(3A ." B-*&36$1)2 6 #$..'A ($<'&") /"1")''<($>.' 
%'4H".)*('6$&? <'1?7'A $%&*6.'A H'6"(;.')&?: 6'1'%'.. J<O$2 H'6"(;.')&? 6'1'%'. 
B)&('A)&6$ Toraymyxin H("637$"& 500 42. C(* H"(";'#" % <'1"" %(BH.'4B 4$)7&$<B 
4'#"1*('6$.*2 )&$.'6*&)2 2).', -&' 6 &($.)H'(&" R.#'&'%)*.$ % H'6"(;.')&* 6'1'%'. 
B-$)&6B:& %'.6"%/*'..3" RKK"%&3. 81"#'6$&"1?.', 63($D"..'" )#6*+'6'" &"-".*" %('6* 
4'D.' )-*&$&? /"1")''<($>.34 <1$+'#$(2 .$1*-*: 4*%('%'.6"%/*'..3; RKK"%&'6, 
'<B)1'61"..3; 6($O".*"4 '&#"1?.3; R(*&('/*&'6 *1* +(BHH R(*&('/*&'6 6 )#6*+'6'4 
H'&'%" [23]. M)*1".*2 )#6*+'6'+' &"-".*2 4'D.' #'<*&?)2 B6"1*-".*"4 *>6*1*)&')&* 
&'%$ %('6* 6<1*>* 6'1'%'. )'(<".&$, #$D" ")1* ("%'4".#B"&)2, -&'<3 H'&'% -"("> 
)'(<".&, %$% "#*.'" /"1'", ;$($%&"(*>'6$1)2 '&)B&)&6*"4 1:<'A #*.$4*-")%'A 
."($6.'4"(.')&* (.$H(*4"(, B-$)&%* H'1.'+' &'(4'D".*2 H'&'%$ *1* H("*4BO")&6"..3" 
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*)H'1?>'6$&? BH('O"..B: 4'#"1?, 4.'+'B('6."63A H'#;'# '<1$#$"& #')&$&'-.'A 
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4$&"(*$13, &";.*-")%*" -"(&"D* * )6"#".*2 ' #*>$A.". 

C'74&* 
1. Martin GS, Mannino DM, Eaton S, Moss M: The epidemiology of sepsis in the United States from 1979 

through 2000. N Engl J Med 2003;348:1546-1554. 

2. Murphy SL: Deaths: final data for 1998. Natl Vital Stat Rep 2000;48:1-105. 

3. Friedman G, Silva E, Vincent JL: Has the mortality of septic shock changed with time? Crit Care Med 
1998;26:2078-2086. 

4. Balk RA: Pathogenesis and management of multiple organ dysfunction or failure in severe sepsis and septic 
shock. Crit Care Clin 2000;16:337-352, vii. 

5. Opal SM, Gluck T: Endotoxin as a drug target. Crit Care Med 2003;31:S57-S64. 

6. Palmer JD, Rifkind D: Neutralization of the hemodynamic effects of endotoxin by polymyxin B. Surg Gynecol 
Obstet 1974;138:755-759. 

7. From AH, Fong JS, Good RA: Polymyxin , sulfate modification of bacterial endotoxin: effects on the 
development of endotoxin shock in dogs. Infect Immun 1979;23:660-664. 

8. Baldwin G, Alpert G, Caputo GL, Baskin M, Parsonnet J, Gillis ZA, Thompson C, Siber GR, Fleisher GR: 
Effect of polymyxin , on experimental shock from meningococcal and Escherichia coli endotoxins. J Infect 
Dis 1991;164:542-549. 

9. Cooperstock MS: Inactivation of endo-toxin by polymyxin ,. Antimicrob Agents Chemother 1974;6:422-425. 

10. Danner RL, Joiner KA, Rubin M, Patterson WH, Johnson N, Ayers KM, Parrillo JE: Purification, toxicity, and 
antiendotoxin activity of polymyxin , nonapeptide. Antimicrob Agents Chemother 1989;33: 1428-1434. 

11. Wheeler AP: Bacterial peritonitis: innovative experimental treatment. Crit Care Med 1999;27:1055-1056. 

12. Suzuki H, Nemoto H, Nakamoto H, Okada H, Sugahara S, Kanno Y, Moriwaki K: Continuous 
hemodiafiltration with polymyxin-B immobilized fiber is effective in patients with sepsis syndrome and acute 
renal failure. Ther Apher 2002;6:234-240. 

13. Shoji H: Extracorporeal endotoxin removal for the treatement of sepsis: endotoxin adsorbtion cartridge 
(Toraymyxin). Ther Apher Dial 2003;7:108-114. 

14. Kushi H, Miki T, Okamaoto K, Nakahara J, Saito T, Tanjoh K: Early hemoperfusion with an immobilized 
polymyxin , fiber column eliminates humoral mediators and improves pulmonary oxygenation. Crit Care 
2005;9:R653-R661. 

15. Cruz DN, Antonelli M, Fumagalli R, et al: Early use of polymyxin , hemoperfusion in abdominal septic shock. 
The EUPHAS randomized control trial. JAMA 2009;301: 2445-2452. 

16. Nakamura T, Matsuda T, Suzuki Y, Shoji H, Koide H: Polymyxin B-immobilized fiber hemoperfusion in 
patients with sepsis. Dial Transplant 2003;32:602-607. 

17. Nemoto H, Nakamoto H, Okada H, Sugahara S, Moriwaki K, Arai M, Kanno Y, Suzuki H: Newly developed 
immobilized polymyxin B fibers improve the survival of patients with sepsis. Blood Purif 2001;19:361-369. 



59                                           T*#('#*.$4*%$ $#)'(</** R.#'&'%)*.$. @*'(" · 8'.-*.* · ,")".&*.* · !"#"11* 

18. Vincent JL, Laterre PF, Cohen J, Burchardi H, Bruining H, Lerma FA, Wittebole X, De Backer D, Brett S, 
Marzo D, Nakamura H, John S: A pilot-controlled study of a polymyxin B-immobilized hemoperfusion 
cartridge in patients with severe sepsis secondary to intra-abdominal infection. Shock 2005;23:400-405. 

19. Fiore B, Soncini M, Vesentini S, Penati A, Visconti G, Redaelli A: Multiscale analysis of the Toraymyxin 
adsorption cartridge. Part II: computational fluid-dynamic study. Int J Artif Organs 2006;29:251-260. 

20. Wells R: Syndromes of hyperviscosity. N Engl J Med 1970;283:183-186. 

21. Vesentini S, Soncini M, Zaupa A, Silvestri V, Fiore GB, Redaelli A: Multiscale analysis of the Toraymyxin 
adsorption cartridge. Part I: molecular interaction of polymyxin B with endotoxins. Int J Artif Organs 
2006;29:239-250. 

22. Ronco C, Brendolan A, Scabardi M, Ronco F, Nakamura H: Blood flow distribution in a polymyxin coated 
fibrous bed for endotoxin removal. Effect of a new blood path design. Int J Artif Organs 2001;24:167-172. 

23. Wang NL, Keller KH: Augmented transport of extracellular solutes in concentrated erythrocyte suspensions in 
Couette flow. J Colloid Interface Sci 1985;103:210-225. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PD$.K($.%' =. @*'(", *.D"."( 
J&#"1 <*'&";.'1'+*A, Politecnico di Milano 
C*$>>$ E"'.$(#' #$ ,*.-*, 32 
+. L*1$., IT-20133 (0&$1*2) 
I"1"K'.: +39 02 23993337. @$%): +39 02 23993360. 
S1"%&('..$2 H'-&$: gianfranco.fiore@polimi.it 



60                                                                             M#$1".*" R.#'&'%)*.$ H'#$612"& $H'H&'>. L$(&*. · !$.?"(* 

K#14("*( ,"#$%$&'*"1 0:* '(0%*-('&$) /$&( 8 &4*"*-('&*I 6'4$8*+I 
=*<1*'+($K*-")%$2 ))31%$: Ronco C, Piccinni P, Rosner MH (eds): Endotoxemia and 
Endotoxin Shock: Disease, Diagnosis and Therapy. Contrib Nephrol. Basel, Karger, 2010, vol 
167, pp 65-76 

 

K#14("*( ,"#$%$&'*"1 0:* 0$)$F* &1:%:*#D1 ' 
*))$H*4*3*:$81""7) 0$4*)*&'*"$) J '0$'$H'%86(% 
*"1&%*81E** 0:$10$0%$3"7I 91&%$:$8 8 
E*:&64*:6;F(. &:$8* 
S(*%$ E. L$(&*. · ,. L$(%' !$.?"(* 
J&#"1".*" $.")&">*'1'+** * ("$.*4$/**, M.*6"()*&"& +. IB(*., Ospedale S. Giovanni Battista-Molinette, +. 
IB(*., 0&$1*2 
 

>(9(:1% 
GHF*( '8(#("*+ * 31#1-*. I2D"13A )"H)*) * )"H&*-")%*A 7'% ')&$:&)2 )"(?">.34* 
%1*.*-")%*4* H('<1"4$4*, H')%'1?%B '.* '<B)1'61*6$:& 63)'%*A B('6".? )4"(&.')&*. 
E*H'H'1*)$;$(*#3 (EC8) - R&' %'4H'.".&3 %1"&'-.'A '<'1'-%* +($4'&(*/$&"1?.3; 
<$%&"(*A. 8-*&$"&)2, -&' H(* )"H)*)" EC8 >$HB)%$:& H"("#$-B )H"/*K*-")%'+' )*+.$1$, 
'H("#"12:O"+' ($>6*&*" )*)&"4.'+' 6')H$1*&"1?.'+' '&6"&$ * H'6("D#".*" '(+$.'6 (6 
&'4 -*)1", K'(4*('6$.*" ')&('A H'-"-.'A ."#')&$&'-.')&*). T"4'H"(KB>*'..$2 &"($H*2 
) H'1*4*%)*.'4 , (CL-,) H(* )"H)*)" '%$>36$"& H'1'D*&"1?.'" 61*2.*" .$ 
63D*6$"4')&?, $ &$%D" B4".?7$"& 63($D"..')&? '(+$..'A #*)KB.%/**. S&* RKK"%&3 
#')&*+$:&)2 B#$1".*"4 1*H'H'1*)$;$(*#'6 *> %('6'&'%$. N )'D$1".*:, ."%'&'(3" 
%1*.*/*)&3 '&%$>36$:&)2 '& *)H'1?>'6$.*2 R&'+' )'6("4"..'+' 4"&'#$. C(*-*.$ &$%'+' 
'&.'7".*2 >$%1:-$"&)2 6 ."#')&$&'-.'4 H'.*4$.** )''&6"&)&6B:O*; %1"&'-.3; 
4";$.*>4'6. 0>6")&.', -&' $H'H&'> (*1* H('+($44*('6$..'" B4*($.*" %1"&%*) B-$)&6B"& 
6 ($>6*&** ')&('A H'-"-.'A ."#')&$&'-.')&* * '<O"A '(+$..'A #*)KB.%/** H(* )"H)*)". 
S&'& H('/")) 4'D"& $%&*6*('6$&?)2 EC8-'H')("#'6$..34 HB&"4. 81"#'6$&"1?.', 
."K('H('&"%&'(.3A RKK"%&, %'&'(3A .$<1:#$"&)2 H(* +"4'H"(KB>*'..'A &"($H** ) CL-
, B <'1?.3; )"H)*)'4, 4'D"& <3&? )62>$. ) 61*2.*"4 .$ %1"&'-.3A $H'H&'>. , R&'A +1$6" 
H("#)&$61". $.$1*> H')1"#.*; )6"#".*A ' ('1* H('K*1$%&*%* $H'H&'>$ 6 4";$.*>4", 
)H')'<)&6B:O"4 B1B-7".*: *);'#'6 * B4".?7".*: 6"('2&.')&* ($>6*&*2 ')&('A 
H'-"-.'A ."#')&$&'-.')&* .$ K'." +"4'H"(KB>*'..'A &"($H** ) CL-, H(* )"H)*)". 
A(%$#7. 0);'#.', $ &$%D" )HB)&2 72 -$)$ H')1" .$-$1$ 1"-".*2 B H$/*".&'6, H'1B-$67*; 
)&$.#$(&.B: &"($H*:, * B <'1?.3;, %'&'(3" H('71* #6$ )"$.)$ +"4'H"(KB>*'..'A 
&"($H** ) CL-,, <31* 6>2&3 H('<3 %('6*. C'1B-"..$2 H1$>4$ *)H'1?>'6$1$)? #12 
6'>#"A)&6*2 .$ %1"&%* H'-"-.3; %$.$1?/"6 *1* .$ +1'4"(B12(.3" H'#'/*&3. N'."-.$2 
>$#$-$ )')&'21$ 6 '/".%" )H')'<.')&* H1$>43 *.#B/*('6$&? $H'H&'>. >(364@%1%7. ,)2 
H1$>4$ *> *);'#.3; H('<, $ &$%D" H1$>4$, H'1B-"..$2 *> H('< %('6*, 6>2&3; -"("> 72 -$)$ 
H')1" .$-$1$ 1"-".*2 B H$/*".&'6, %'&'(3" H'1B-$1* &($#*/*'..B: &"($H*:, 
>.$-*&"1?.' B)*1*6$1$ $H'H&'>. , &' D" 6("42, H1$>4$ H'1B-"..$2 *> H('< %('6* 
H$/*".&'6, %'&'(3" H('71* #6$ )"$.)$ &"($H** CL-,, *.#B/*('6$1$ $H'H&'> 6 
>.$-*&"1?.' 4".?7"A )&"H".*. J)1$<1"..'" H('$H'H&'>.'" #"A)&6*" '<B)1'61".' 
H'#$61".*"4 6."7."A * 6.B&(".."A )*+.$1*>$/**, ' -"4 )6*#"&"1?)&6B:& ).*D".*" 
$%&*6.')&* %$)H$>3, B('6".? R%)H("))** Fas * <$1$.) Bax/Bcl-2. J78$#. Q$O*&.'" 
61*2.*" R%)&($%'(H'($1?.'A &"($H** CL-, H(* ($>6*&** ')&('A H'-"-.'A 
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I2D"13A )"H)*) * )"H&*-")%*A 7'%, )'H('6'D#$"43" ($)H(')&($."..34 )*)&"4.34 
6')H$1".*"4 * *.K"%/*'..34 H('/"))'4, H("#)&$612:& )'<'A )"(?">.3" 4"#*/*.)%*" 
)')&'2.*2, %'&'(3" H'-H("D."4B )')&$612:& <'1?7B: H('<1"4B #12 '&#"1".*A 
*.&".)*6.'A &"($H** [1]. F")4'&(2 .$ *.&".)*6.B: .$B-.'-*))1"#'6$&"1?)%B: ($<'&B * 
H('+(")) 6 H'.*4$.** H$&'+".">$ )"H&*-")%'+' H('/"))$, B('6".? 1"&$1?.')&* H(* 
)"H)*)" H'-H("D."4B #')&*+$"& 40-60%. 84"(&? -$)&' .$)&BH$"& 6 (">B1?&$&" 
H'1*'(+$..'A ."#')&$&'-.')&*, %'&'($2 ')1'D.2"& &"-".*" )"H)*)$ H(* "+' 
H('+("))*('6$.** [1]. J#.*4 *> '(+$.'6, KB.%/*2 %'&'(3; .$(B7$"&)2 H(* )"H)*)", 
2612"&)2 H'-%$. J)&($2 H'-"-.$2 ."#')&$&'-.')&? ($>6*6$"&)2 B 23% <'1?.3; &2D"134 
)"H)*)'4 * B 51% H$/*".&'6 ) )"H&*-")%*4 7'%'4 [2]. N('4" &'+', .$1*-*" ')&('A 
H'-"-.'A ."#')&$&'-.')&* B6"1*-*6$"& 6"('2&.')&? 1"&$1?.'+' *);'#$ #' 70% [2]. 
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."#')&$&'-.')&* H(* )"H)*)", 2612"&)2 1*H'H'1*)$;$(*# (EC8) - %'4H'.".& %1"&'-.'A 
)&".%* +($4'&(*/$&"1?.3; <$%&"(*A [3]. EC8 ("$1*>B"& )6'* 4.'+'-*)1"..3" RKK"%&3 
H')("#)&6'4 $%&*6$/** &'11-H'#'<.3; ("/"H&'('6 4 &*H$. N$% )1"#)&6*" >$HB)%$"&)2 
)*+.$1?.3A %$)%$#, 6 %'&'('4 H(*.*4$:& B-$)&*" 4*&'+".-$%&*6*('6$..3" 
H('&"*.%*.$>3 * K$%&'( &($.)%(*H/** NF-[B. , (">B1?&$&" B)*1*6$"&)2 6')H$1*&"1?.3A 
'&6"&, *.#B/*(B"&)2 H'6("D#".*" %1"&'% * K'(4*(B"&)2 '(+$..$2 #*)KB.%/*2 [4]. 
M#$1".*" EC8 *> %('6'&'%$ H(* H'4'O* +"4'H"(KB>** ) *)H'1?>'6$.*"4 
*44'<*1*>*('6$..'+' H'1*4*%)*.$ , (CL-,) '%$>36$"& H'1'D*&"1?.'" 61*2.*" .$ 
*);'# )"H)*)$, $ &$%D" )H')'<)&6B"& B4".?7".*: 6"('2&.')&* ($>6*&*2 ')&('A H'-"-.'A 
."#')&$&'-.')&* %$% ')1'D.".*2 )"H&*-")%'+' H('/"))$ [5-7]. I"4 ." 4"."", ."%'&'(3" 
%1*.*-")%*" 6($-* ." ("7$:&)2 *)H'1?>'6$&? R&'& )'6("4"..3A 4"&'# 1"-".*2 6 )62>* ) 
."#')&$&'-.34 H'.*4$.*"4 %1"&'-.3; 4";$.*>4'6, 'H("#"12:O*; "+' H'1'D*&"1?.3" 
RKK"%&3. 
M0$0%$3 
9H'H&'> H("#H'1$+$"& $%&*6.'" B.*-&'D".*" %1"&'% HB&"4 $%&*6$/** H('/"))$ 
H('+($44*('6$..'+' B4*($.*2 [8]. C(* '<3-.3; '<)&'2&"1?)&6$; R&'& H('/")) 
>$HB)%$"&)2, %'+#$ %1"&%$ H'6("D#".$ * ." H'#1"D*& 6'))&$.'61".*:. 9H'H&'> 4'D"& 
<3&? *.*/**('6$. )$4'A %1"&%'A, '%(BD$:O*4* "" &%$.24* *1* *44B..'A )*)&"4'A [8]. 
C('/")) $H'H&'>$ ;$($%&"(*>B"&)2 )H"/*K*-")%*4* *>4".".*24* K'(43 * )&(B%&B(3 
%1"&%*, 6%1:-$2 63H2-*6$.*" H1$>4$&*-")%'A 4"4<($.3, .$(B7".*2 )*44"&(** * 
K*%)$/** H1$>4$&*-")%'A 4"4<($.3, )4'(O*6$.*" %1"&%*, K($+4".&$/*: 2#($, 
%'.#".)$/*: ;('4$&*.$, K($+4".&$/*: ;('4')'4.'A PFN, $ &$%D" .$1*-*" $H'H&'>.3; 
&"1"/ [9]. 

, %'."-.'4 )-"&" R&'& H('/")) >$6"(7$"&)2 B#$1".*"4 H('#B%&'6 ($)H$#$ %1"&'% HB&"4 
K$+'/*&'>$, -&' H("#BH("D#$"& ($>6*&*" 6')H$1*&"1?.'A ("$%/** * H'6("D#".*" '(+$.'6 
[9]. 
?6%* :138*%*+ 10$0%$31 
, ($>6*&** $H'H&'>$ B-$)&6B:& &(* ($>1*-.3; )*+.$1?.3; HB&*: 6."7.*A 
('H')("#'6$..3A ("/"H&'($4* )4"(&*; $.+1. death receptor, DR) HB&?, 6.B&("..*A 
(4*&';'.#(*$1?.3A) HB&?, $ &$%D" )&("))-*.#B/*('6$..3A ('H')("#'6$..3A 
R.#'H1$>4$&*-")%*4 ("&*%B1B4'4) HB&? [8]. 
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!"/"H&'(3 )4"(&*, H(*.*4$:O*" B-$)&*" 6 ($>6*&** $H'H&'>$ H' 6."7."4B HB&*, 
'&.')2&)2 % .$#)"4"A)&6B 4"4<($..3; ("/"H&'('6 K$%&'($ ."%('>$ 'HB;'1* ($.+1. tumor 
necrosis factor, TNF) [8]. U'&2 % .$)&'2O"4B 6("4".* 'H*)$.3 .")%'1?%' ("/"H&'('6 
)4"(&*, Fas-$.&*+". * TNF-("/"H&'( 1 &*H$ ($.+1. TNF receptor 1, TNF-R1) 2612:&)2 
#'4*.*(B:O*4* * .$*<'1"" ;'('7' *>B-"..34* $%&*6$&'($4* 6."7."+' HB&* $H'H&'>$ 
[8, 10]. , (">B1?&$&" 6'>#"A)&6*2 Fas 1*+$.#$ ($.+1. Fas ligand, FasL) * TNF-\, 
)''&6"&)&6"..', .$ Fas-$.&*+". * TNF-R1 *.*/**(B"&)2 H('/")) &(*4"(*>$/** ) 
'<($>'6$.*"4 )H"/*K*-")%'+' )*+.$1?.'+' %'4H1"%)$. N('4" &'+', B)*1*6$"&)2 
'<($>'6$.*" $#$H&"(.3; <"1%'6 FADD (#12 Fas-$.&*+".$) *1* TRADD (#12 TNF-R1) [8, 
10]. S&'& )*+.$1?.3A %'4H1"%) )H')'<". )62>36$&?)2 ) $%&*6*('6$..34* #'4".$4* 
H('%$)H$>3-8, -&' H(*6'#*& % "" $%&*6$/** * ($)O"H1".*: [8]. N$)H$>$-8, 6 )6': '-"("#?, 
($)O"H12"& %$)H$>B-3, %$)H$>B-6 * %$)H$>B-7. , %'."-.'4 )-"&", H('*);'#*& ($)O"H1".*" 
PFN ) *);'#'4 6 $H'H&'> [8]. ='1"" &'+', %$)H$>$-8 )H')'<.$ $%&*6*('6$&? 
H('$H'H&'>.B: 4'1"%B1B BID, %'&'($2 *.#B/*(B"& H"("%(")&.'" ("$+*('6$.*" * ($>6*&*" 
$H'H&'>$ H' 6.B&(".."4B HB&* [11]. 

,.B&("..*A HB&? ($>6*&*2 $H'H&'>$ 4'D"& >$HB)%$&?)2 %1"&'-.34 *1* 
4*&';'.#(*$1?.34 )&("))'4, 6 &'4 -*)1" *>4".".*24* )'#"(D$.*2 &$%*; 6"O")&6, %$% 
K$%&'(3 (')&$, /*&'%*.3, )&"('*#.3" +'(4'.3, $%&*6.3" K'(43 %*)1'('#$, '%)*# $>'&$ 
* <"1%* &"H1'6'+' 7'%$ [8]. I$%*" )*+.$13 *.#B/*(B:& &($.)1'%$/*: H('$H'H&'>.3; 
K$%&'('6 )"4"A)&6$ Bcl-2 (BID, Bax) *> /*&'>'12 % 4*&';'.#(*$1?.'A 4"4<($.", +#" '.* 
).*D$:& H'&"./*$1 R&'A 4"4<($.3. C(* .'(4$1?.3; '<)&'2&"1?)&6$; H("#)&$6*&"1* 
$.&*$H'H&'>.'+' )"4"A)&6$ Bcl-2 (Bcl-2, Bcl-xL) <1'%*(B:& 63)6'<'D#".*" /*&';('4$ 8 
*> 4*&';'.#(*A [8]. I"4 ." 4"."", %'+#$ .$# $.&*$H'H&'>.34* K$%&'($4* *> )"4"A)&6$ 
Bcl-2 .$-*.$:& H("'<1$#$&? H('$H'H&'>.3", *> 4*&';'.#(*A 63)6'<'D#$"&)2 <'1?7'" 
%'1*-")&6' #")&(B%&*6.'+' /*&';('4$ 8 [8]. C')1" 63)6'<'D#".*2 /*&';('4 8 
)'"#*.2"&)2 ) $#".'>*.&(*K')K$&'4, K"(4".&'4 Apaf * H('%$)H$>'A-9. , (">B1?&$&" 
6>$*4'#"A)&6*2 R&*; K$%&'('6 '<($>B"&)2 $H'H&')'4$, %'&'($2 ($)O"H12"& * $%&*6*(B"& 
%$)H$>B-3, %$)H$>B-6 * %$)H$>B-7. 9.$1'+*-.' 6."7."4B HB&*, R&* %$)H$>3 '<")H"-*6$:& 
($)O"H1".*" PFN ) H')1"#B:O"A +*<"1?: %1"&%* [8]. 

8&("))-*.#B/*('6$..3A HB&?, 'H')("#'6$..3A R.#'H1$>4$&*-")%*4 ("&*%B1B4'4, 
.$*4"."" *>B-".. W+' 4'+B& $%&*6*('6$&? ($>1*-.3" K'(43 %1"&'-.'+' )&("))$, .$H(*4"(, 
+*H'%)*2, '%*)1*&"1?.'" H'6("D#".*", *.K"%/*2 *1* .$(B7".*2 '<4".$ %$1?/*2 [12]. 
N$D#'" *> R&*; .$(B7".*A )'H('6'D#$"&)2 .$%'H1".*"4 ($>6"(.B&3; <"1%'6 6 
R.#'H1$>4$&*-")%'4 ("&*%B1B4". , (">B1?&$&", +1:%'>'>$6*)*43A <"1'% (78 %P$) 
'&#"12"&)2 '& &("; )&("))'63; ("/"H&'('6 R.#'H1$>4$&*-")%'+' ("&*%B1B4$ (PERK, 
ATF6, IRE1). I$%*4 '<($>'4 $%&*6*(B"&)2 '&%1*% )' )&'('.3 ($>6"(.B&'+' <"1%$ [12]. 
P*))'/*$/*2 +1:%'>'>$6*)*4'+' <"1%$ (78 %P$) *.*/**(B"& .*);'#2OB: H"("#$-B 
)*+.$1$, -&' H(*6'#*& %: (1) H(24'A *.#B%/** $H'H&'>$ HB&"4 $%&*6$/** %$)H$>3-12 *1* 
"" +'4'1'+$ %$)H$>3-4; (2) $%&*6$/** 6.B&(".."+' 4*&';'.#(*$1?.'+' HB&*; *1* (3) 
*.*/*$/** %$)H$>$-.">$6*)*4'A +*<"1* %1"&'% [12]. 
J4*+"*( 10$0%$31 "1 96"&E*; %&1"(. * $:21"$8 
,3($D"..3A $H'H&'> 4'D"& '%$>36$&? ."<1$+'H(*2&.'" 61*2.*" .$ $%&*6.')&? * 
KB.%/*: )''&6"&)&6B:O"A &%$.* *1* '(+$.$ >$ )-"& ).*D".*2 %(*&*-")%'+' -*)1$ 
D*>.")H')'<.3; %1"&'% *1* .$(B7".*2 )62>* 4"D#B %1"&%$4* [9, 13]. C(* )"H)*)" 
$H'H&'> >$&($+*6$"& ($>.3" &*H3 %1"&'%, -&' H(*6'#*& % K'(4*('6$.*: ($>1*-.3; K'(4 
'(+$..'A ."#')&$&'-.')&* [9]. S&' H'#&6"(D#$"&)2 )1"#B:O*4* K$%&$4*: $H'H&'> 
1*4K'/*&'6, %1"&'% 6*1'-%'6'A D"1">3 * (*1*) )"1">".%* H(*6'#*& % *44B.')BH("))**; 
)')B#*)&$2 H('.*/$"4')&? 4'D"& .$(B7$&?)2 H(* $H'H&'>" %1"&'% R.#'&"1*2; )"(#"-.$2 
."#')&$&'-.')&? 4'D"& <3&? %$)H$>$->$6*)*4'A; 63($D"..')&? ')&('+' H'6("D#".*2 
1"+%*; %'(("1*(B"& ) *.&".)*6.')&?: Fas/FasL-*.#B/*('6$..'+' $H'H&'>$ $1?6"'1'/*&'6 
[14]. 
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0.#B/*('6$..$2 )"H)*)'4 ')&($2 H'-"-.$2 ."#')&$&'-.')&? &$%D" )H"/*K*-")%* )62>$.$ 
) $%&*6$/*"A $H'H&'>.3; 4";$.*>4'6 6 ($>1*-.3; H'-"-.3; %1"&%$;, 6%1:-$2 %1"&%* 
H'-"-.3; %$.$1?/"6, +1'4"(B12(.3" R.#'&"1*$1?.3" %1"&%* * H'#'/*&3 [15-18]. C')1" 
6'>#"A)&6*2 H1$>4'A <'1?.3; )"H)*)'4 .$ %1"&%* H'-"-.3; %$.$1?/"6 .$<1:#$1')? 
B)*1".*" $H'H&'>$, 6')H$1*&"1?.3" *>4".".*2, .$(B7".*2 H('.*/$"4')&*, $#+">**, $ 
&$%D" *>4".".*2 )&(B%&B(3 %$.$1?/"6 [17, 19]. N('4" &'+', B &$%*; H$/*".&'6 
H('$H'H&'>.3A )*+.$1 %'(("1*(B"& ) 63($D"..')&?: H('&"*.B(** [17]. 9.$1'+*-.34 
'<($>'4, H'-"-.3" R.#'&"1*$1?.3" %1"&%*, '<($<'&$..3" H1$>4'A H$/*".&'6 ) ')&('A 
H'-"-.'A ."#')&$&'-.')&?:, ;$($%&"(*>B:&)2 63($D"..'A R%)H("))*"A Fas * $H'H&'>'4. 
S&'& RKK"%& 4'D.' <1'%*('6$&? +*H"(R%)H("))*"A $.&*$H'H&'>.'+' 4"#*$&'($ Bcl-2 *1* 
*.+*<*('6$.*"4 %$)H$> [20]. ='1"" &'+', 6 ($4%$; '&#"1?.'+' *))1"#'6$.*2 <31' 
B)&$.'61".', -&' %$% EC8, &$% * TNF-\ *.#B/*(B:& $H'H&'> 6 R.#'&"1*$1?.3; %1"&%$; 
+1'4"(B12(.'+' $HH$($&$, %'&'(3" ."'<;'#*43 #12 RKK"%&*6.'A ("+B12/** %1B<'-%'6'A 
B1?&($K*1?&($/**. S&' 61*2.*" 2612"&)2 %$)H$>$->$6*)*434 [18]. C'#'/*&3 (*1* 
6*)/"($1?.3" RH*&"1*$1?.3" %1"&%*) B-$)&6B:& 6 H('/"))" %1B<'-%'6'A K*1?&($/**. 
9H'H&'> R&*; %1"&'% &$%D" )&*4B1*(B"&)2 H1$>4'A <'1?.3; )"H)*)'4 [19]. 
M&%*81E*+ 10$0%$31 4*0$0$4*'1I1:*#1)* 
L";$.*>43 )&*4B12/** $H'H&'>$ 1*H'H'1*)$;$(*#$4* #' %'./$ ." 2).3. I"4 ." 4"."", 
."%'&'(3" #$..3" )6*#"&"1?)&6B:& ' H("'<1$#$.** 6."7."+' * 6.B&(".."+' HB&"A 
$%&*6$/**. F")%'1?%' *))1"#'6$.*A '&-"&1*6' H'%$>$1*, -&' *.#B/*('6$..3A )"H)*)'4 
$H'H&'> H'-"-.3; %1"&'% >$6*)*& '& $%&*6.')&* %$)H$>. J< R&'4 )6*#"&"1?)&6B:& 
(">B1?&$&3 R%)H"(*4".&'6 ) *.+*<*&'($4* %$)H$>3 *1* 437$4* ) #"K*/*&'4 R&'+' 
K$%&'($ [16, 21, 22]. N('4" &'+', Guo * )'$6&. [21] H'%$>$1*, -&' *.+*<*('6$.*" %$)H$>3 
)H')'<)&6B"& B4".?7".*: 6')H$1*&"1?.3; *>4".".*A 6 H'-"-.'A &%$.*, .")4'&(2 .$ &'& 
K$%&, -&' H('/")) $H'H&'>$ )-*&$"&)2 ."6')H$1*&"1?.34 H' )6'"A H(*('#". 
81"#'6$&"1?.', <1'%*('6$.*" %$)H$>$->$6*)*4'+' $H'H&'>$ 4'D"& B4".?7*&? 
."$H'H&'>.'" H'6("D#".*" H'-"%. C("#H'1$+$"&)2, -&' 6."7.*A HB&? ;$($%&"(*>B"&)2 
$%&*6$/*"A $H'H&'>$ 1*H'H'1*)$;$(*#$4*, H')%'1?%B %$% EC8, &$% * TNF, 
)*.&">*(B"43A H'# #"A)&6*"4 EC8, )&*4B1*(B:& R%)H("))*: 4!FN Fas * FasL 6 %1"&%$; 
H'-"-.3; %$.$1?/"6 [23]. I$%*4 '<($>'4, EC8 $%&*6*(B:& %$% Fas-$.&*+"., &$% * TNF-
R1, >$HB)%$2 6."7.*A HB&? ($>6*&*2 $H'H&'>$. N('4" &'+', 6')H$1*&"1?.3A '&6"&, 
*.#B/*('6$..3A EC8, )'H('6'D#$"&)2 63)6'<'D#".*"4 4.'+'-*)1"..3; /*&'%*.'6, 
%'&'(3" )H')'<.3 $%&*6*('6$&? 6.B&("..*A HB&?, '%$>36$2 61*2.*" .$ <$1$.) )"4"A)&6$ 
Bcl-2 [19]. 
B()$0(:963*+ ' 0$4*)*&'*"$) J * 10$0%$3 
C')%'1?%B $H'H&'> *+($"& 6$D.B: ('1? 6 ($>6*&** )"H)*)-*.#B/*('6$..'A ')&('A 
H'-"-.'A ."#')&$&'-.')&*, $ EC8, %'&'(3A 2612"&)2 %1:-"634 4"#*$&'('4, 
B-$)&6B:O*4 6 H$&'+".">" )"H)*)$, )H')'<". *.*/**('6$&? $H'H&'> ($>1*-.3; H'-"-.3; 
%1"&'%, <31' 63)%$>$.' H("#H'1'D".*", -&' +"4'H"(KB>*'..$2 &"($H*2 ) CL-,, 
H'>6'12:O$2 B#$1*&? EC8 *> %('6'&'%$ <'1?.3; )"H)*)'4, )H')'<.$ ).*>*&? 
6"('2&.')&? ($>6*&*2 ')&('A H'-"-.'A ."#')&$&'-.')&* <1$+'#$(2 B4".?7".*: 
H('$H'H&'>.3; RKK"%&'6 [19]. P12 &'+' -&'<3 H('6"(*&? R&B +*H'&">B, H1$>4B <'1?.3; 
)"H)*)'4, %'&'(3" H'1B-$1* &'1?%' )&$.#$(&.B: &"($H*: *1* )&$.#$(&.B: &"($H*: 6 
)'-"&$.** ) #6B42 )"$.)$4* +"4'H"(KB>** ) CL-,, *)H'1?>'6$1* #12 6'>#"A)&6*2 .$ 
%1"&%* H'-"-.3; %$.$1?/"6 * .$ +1'4"(B12(.3" H'#'/*&3. 

C(* K'(4*('6$.** H'HB12/** #$..'+' *))1"#'6$.*2 *)H'1?>'6$1*)? )1"#B:O*" 
%(*&"(** 6%1:-".*2: H'#&6"(D#"..$2 *1* >$H'#'>("..$2 +($4'&(*/$&"1?.$2 *.K"%/*2, 
H' 4".?7"A 4"(" &(* H(*>.$%$ )*.#('4$ )*)&"4.'+' 6')H$1*&"1?.'+' '&6"&$, #*)KB.%/*2 
H' 4".?7"A 4"(" '#.'+' '(+$.$, * 6'>4'D.')&? ($.#'4*>$/** 6 &"-".*" 24 -$)'6 [19]. 
F"H')("#)&6"..' H')1" H'#H*)$.*2 *.K'(4*('6$..'+' )'+1$)*2 B H$/*".&'6 <31* 6>2&3 
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H('<3 %('6* (.B1"6$2 6("4"..$2 '&4"&%$). C$/*".&3, ($)H("#"1"..3" 6 +(BHHB &"($H** 
CL-,, H(* 6%1:-".** 6 *))1"#'6$.*" H'1B-*1* '#*. )"$.) +"4'H"(KB>**. ,&'('A )"$.) 
R%)&($%'(H'($1?.'A &"($H** )')&'21)2 )HB)&2 24 -$)$ H')1" H"(6'+'. , '<"*; +(BHH$; 
6>2&*" H('< %('6* 63H'1.21')? -"("> 2, 26 * 72 -$)$ H')1" 6%1:-".*2 6 H'HB12/*: 
*))1"#'6$.*2. N('4" &'+', 6 &"-".*" 72--$)'6'+' H"(*'#$ ')BO")&6121$)? ("+*)&($/*2 
#"4'+($K*-")%*; * %1*.*-")%*; #$..3;. 
F$ 4'4".& K'(4*('6$.*2 H'HB12/** )BO")&6"..3" ($>1*-*2 4"D#B +(BHH$4* H$/*".&'6 
'&)B&)&6'6$1*. I"4 ." 4"."", B H("#)&$6*&"1"A +(BHH3 &"($H** CL-, <31' 
>$("+*)&(*('6$.' >.$-*&"1?.'" ).*D".*" '/".%* H' 7%$1" SOFA 6 &"-".*" 72 -$)'6, 
&'+#$ %$% 6 +(BHH" &($#*/*'..'A &"($H** )"H)*)$ B1B-7".*2 '/".%* H' R&'A 7%$1" ." 
.$<1:#$1')? [19]. ='1"" &'+', );'#.$2 #*.$4*%$ <31$ '&4"-".$ H(* '/".%" H' 7%$1" 
RIFLE: 6 +(BHH" CL-, .$<1:#$1')? )BO")&6"..'" B1B-7".*", $ 6 +(BHH" )&$.#$(&.'A 
&"($H** H'1'D*&"1?.$2 #*.$4*%$ '&)B&)&6'6$1$. N('4" &'+', 6 +(BHH" &($#*/*'..'A 
&"($H** H'&("<.')&? 6 >$4")&*&"1?.'A H'-"-.'A &"($H** <31$ >.$-*&"1?.' 637", -"4 6 
+(BHH" &"($H** CL-, [19]. , /"1'4, (">B1?&$&3 $.$1*>$ RKK"%&'6 H1$>43, H'1B-"..3" 6 
R&'4 *))1"#'6$.**, )'+1$)B:&)2 ) (">B1?&$&$4* H("#7")&6B:O*; *))1"#'6$.*A, * 
H'#&6"(D#$:& >$O*&.'" 61*2.*" +"4'H"(KB>** ) CL-,, %'&'($2 H("#BH("D#$"& ($>6*&*" 
')&('A H'-"-.'A ."#')&$&'-.')&* B <'1?.3; )"H)*)'4. 
R*%$%$&'*-('&$( 84*+"*( "1 0$-&* 
C(* H'4'O* %'1'(*4"&(*-")%'+' $.$1*>$ (XTT-4"&'#) <31* 'H("#"1".3 
D*>.")H')'<.')&? %1"&'% * /*&'&'%)*-.')&?. !">B1?&$&3 $.$1*>$ )6*#"&"1?)&6B:&, -&' 
H(* 6'>#"A)&6** .$ +1'4"(B12(.3" H'#'/*&3 * %$.$1?/"63" %1"&%* H1$>4'A <'1?.3;, 
H'1B-$67*; +"4'H"(KB>*: ) CL-,, /*&'&'%)*-")%*A RKK"%& <31 63($D". 6 >.$-*&"1?.' 
4".?7"A )&"H".*, -"4 H(* *)H'1?>'6$.** H1$>43 H$/*".&'6, %'&'(3" "O" ." H'1B-$1* 
1"-".*", *1* H1$>43 <'1?.3;, H'1B-$67*; &($#*/*'..B: &"($H*: [19]. S&'& RKK"%& 
("+*)&(*('6$1)2 ."H')("#)&6"..' H')1" '<'*; )"$.)'6 +"4'H"(KB>**, $ &$%D" )HB)&2 72 
-$)$ H')1" 6%1:-".*2 H$/*".&'6 6 *))1"#'6$.*". I$%*" .$<1:#".*2 )6*#"&"1?)&6B"& '< 
B)&'A-*6')&* RKK"%&$ +"4'H"(KB>*'..'A &"($H** ) CL-,. I"4 ." 4"."", &'+#$ %$% 
#$..3A $.$1*> )'>#$"& '<O"" H("#)&$61".*" ' %1"&'-.'A /*&'&'%)*-.')&*, '. ." 
B&'-.2"& ;$($%&"( B4*($.*2 %1"&'%. 
GE("&1 10$0%$31 0:* 0$)$F* )(%$#1 TUNEL 
P12 'H("#"1".*2 )H"/*K*-")%'A ('1* $H'H&'>$, %1"&%* H'-"-.3; %$.$1?/"6, 
'<($<'&$..3" H1$>4'A %('6* <'1?.3;, H'1B-$67*; &($#*/*'..B: &"($H*: )"H)*)$ *1* 
&"($H*: ) H(*4".".*"4 CL-,, <31* *))1"#'6$.3 H(* H'4'O* 4"&'#$ %'./"6'+' 4"-".*2 
2'-#">'%)*B(*#*.-5'-&(*K')K$&$, 'H')("#'6$..'+' &"(4*.$1?.'A #">'%)*.B%1"'&*#*1 
&($.)K"($>'A ($.+1. terminal deoxynucleotidyl transferase dUTP nick end labeling, TUNEL) 
((*). 1). C' )($6.".*: ) H1$>4'A >#'('63; #'<('6'1?/"6, *);'#.' 6>2&$2 H1$>4$ %('6* 
<'1?.3; )"H)*)'4 *> '<"*; +(BHH &"($H** *.#B/*('6$1$ 63($D"..3A $H'H&'> 
%$.$1?/"63; %1"&'% [19]. 0.&"(").', -&' &'+#$ %$% H1$>4$, 6>2&$2 .$ 72 -$)B B H$/*".&'6, 
H'1B-$67*; )&$.#$(&.B: &"($H*:, H('#'1D$1$ *.#B/*('6$&? $H'H&'> ) &$%'A D" 
*.&".)*6.')&?:, -&' * H"(6'.$-$1?.$2 H('<$, H1$>4$, 6>2&$2 .$ 72 -$)B B <'1?.3;, 
%'&'(3" H('71* 2 )"$.)$ +"4'H"(KB>*'..'A &"($H** ) CL-,, 63>36$1$ >.$-*&"1?.' 
4"."" 63($D"..3A $H'H&'>, H' )($6.".*: ) *);'#.'A H('<'A *1* H1$>4'A H$/*".&'6, 
H'1B-$67*; &($#*/*'..B: &"($H*: )"H)*)$. I$%*4 '<($>'4, H')1" +"4'H"(KB>** ) CL-
, .$<1:#$1')? B4".?7".*" $H'H&'>$ *, )1"#'6$&"1?.', B6"1*-".*" >$O*&.'+' 61*2.*2 .$ 
B('6." %1"&'% [19]. ='1"" &'+', %'+#$ CL-, #'<$6121)2 % H1$>4" 6 #'>", %'&'($2 #'1D.$ 
H'#$612&? <*'1'+*-")%B: $%&*6.')&? EC8 <"> +*<"1* %$.$1?/"63; %1"&'%, <31* 
'<.$(BD".3 H(*>.$%* $H'H&'>$ 6 '<"*; +(BHH$; H$/*".&'6 *);'#.', $ &$%D" 6 +(BHH" 
&($#*/*'..'A &"($H** .$ 72 -$)B. , &' D" 6("42, #'<$61".*" CL-, ." '%$>36$1' .* 
4$1"A7"+' 61*2.*2 .$ 72 -$)B 6 +(BHH" H$/*".&'6, H'1B-*67*; )"$.)3 +"4'H"(KB>** ) 
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CL-, [19]. 81"#'6$&"1?.', >$O*&.3A RKK"%&, >$("+*)&(*('6$..3A H(* $.$1*>" H1$>43, 
6>2&'A .$ 72 -$)B B H$/*".&'6, %'&'(3" H'1B-$1* +"4'H"(KB>*'..B: &"($H*: ) CL-,, 
'<B)1'61". H'.*D"..'A <*'1'+*-")%'A $%&*6.')&?: EC8. 

 
>*'. 1. 1) 9H'H&'> %$.$1?/"63; %1"&'% (4"&'# TUNEL), *.#B/*('6$..3A H1$>4'A 
<'1?.3; )"H)*)'4, %'&'(3" H'1B-$1* &'1?%' )&$.#$(&.B: &"($H*: (+(BHH$ 8I) *1* 
)&$.#$(&.B: &"($H*: 6 )'-"&$.** ) CL-, (+(BHH$ CL-,). ,)" H('<3 H1$>43, 6>2&'A B 
H$/*".&'6 *> +(BHH 8I * CL-,, ;$($%&"(*>'6$1*)? >.$-*&"1?.34 B)*1".*"4 $H'H&'>$ 
%$.$1?/"63; %1"&'% (* ( < 0,05). J<($<'&%$ %1"&'% H1$>4'A, 6>2&'A .$ 72 -$)B B <'1?.3; 
*> +(BHH3 CL-,, )H')'<)&6'6$1$ >.$-*&"1?.'4B H'#$61".*: $H'H&'>$ H' )($6.".*: ) 
H1$>4'A CL-,, 6>2&'A *);'#.' (I0) († ( < 0,05). b) J/".%$ $H'H&'>$ %$.$1?/"63; %1"&'% 
(4"&'# TUNEL) ) H(*4".".*"4 4$1'A *.&"(K"(*(B:O"A !FN (4*!FN) TNF-R1. C' 
)($6.".*: ) %'.&('1?.'A 4*!FN, 6 4*!FN TNF-R1 %$.$1?/"63; %1"&'%, '<($<'&$..3; 
H1$>4'A 80 *1* CL-,, .$<1:#$1')? >.$-*&"1?.'" H'#$61".*" $H'H&'>$ (* ( < 0,05). 
 

M&%*8"$'%@ &1'0137 
, <'1?7*.)&6" )1B-$"6 ($>6*&*" $H'H&'>$ '<B)1'61".' $%&*6$/*"A %$)H$>, %'&'(3" 
($)O"H12:& PFN * 6 %'."-.'4 )-"&" 63>36$:& +*<"1? %1"&%*. N$% * H("#H'1$+$1')?, 
*)H'1?>'6$.*" H1$>43, *);'#.' 6>2&'A B H$/*".&'6 *> +(BHH3 &($#*/*'..'A &"($H** * B 
<'1?.3; *> +(BHH3 &"($H** CL-,, )'H('6'D#$1')? B)*1".*"4 $%&*6.')&* %$)H$>3-3, 
%$)H$>3-8 * %$)H$>3-9. 81"#'6$&"1?.', $H'H&'> H'-"-.3; %1"&'%, )62>$..3A ) 
6'>#"A)&6*"4 H1$>43 %('6* <'1?.3; )"H)*)'4, 2612"&)2 %$)H$>$->$6*)*434 [19]. ='1"" 
&'+', )'+1$).' (">B1?&$&$4 '/".%*, 63H'1."..'A ) H'4'O?: 4"&'#$ TUNEL, H1$>4$, 
6>2&$2 -"("> 72 -$)$ H')1" .$-$1$ *))1"#'6$.*2 B H$/*".&'6, %'&'(3" H'1B-$1* 
)&$.#$(&.B: &"($H*:, *.#B/*('6$1$ &$%'A D" B('6".? $%&*6.')&* %$)H$>, -&' * H1$>4$, 
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6>2&$2 *);'#.'. , &' D" 6("42, H1$>4$, H'1B-"..$2 '& H$/*".&'6 *> +(BHH3 &"($H** CL-
,, 63>36$1$ >.$-*&"1?.' 4".?7B: $%&*6.')&? 6)"; &("; %$)H$>, H' )($6.".*: ) H1$>4'A, 
6>2&'A B H("#)&$6*&"1"A R&'A +(BHH3 *);'#.', *1* H1$>4'A H$/*".&'6, %'&'(3" H'1B-$1* 
&($#*/*'..B: &"($H*: [19]. U'&2 %$)H$>$-3 B-$)&6B"& 6 *.#B%/** $H'H&'>$ %$% H' 
6."7."4B, &$% * H' 6.B&(".."4B HB&*, &'& K$%&, -&' &"($H*2 CL-, B4".?7$1$ $%&*6.')&? 
%$% %$)H$>3-8, $%&*6*(B"4'A ("/"H&'($4* )4"(&*, &$% * %$)H$>3-9, %'&'($2 $%&*6*(B"&)2 
4*&';'.#(*$1?.34 /*&';('4'4 8, )6*#"&"1?)&6B"&, -&' #$..3A 4"&'# 1"-".*2 #"A)&6B"& 
.$ '<$ HB&* ($>6*&*2 $H'H&'>$. 
J"(/"*. 06%@ 
T"4'H"(KB>*'..$2 &"($H*2 ) CL-, H'#$6121$ $%&*6.')&? %$)H$>3-8 B <'1?.3; )"H)*)'4. 
8B#2 H' 6)"4B, R&'& 4"&'# 1"-".*2 H("H2&)&6B"& ($>6*&*: $H'H&'>$ <1$+'#$(2 
H("*4BO")&6"..'4B 6'>#"A)&6*: .$ 6."7.*A HB&?. N$% BD" BH'4*.$1')? 6 R&'A +1$6", 
%$)H$>$-8 ($)O"H12"&)2 * $%&*6*(B"&)2 $H'H&'>.34* ("/"H&'($4* )4"(&*, $ *4"..' TNF-
R1 * Fas [8]. F$7$ ($<'&$ H'%$>$1$, -&' H(* 6")?4$ 6"('2&.'4 B-$)&** %$% TNF-R1, &$% * 
Fas, >$O*&.3A RKK"%&, H(*)BO*A +"4'H"(KB>*'..'A &"($H** ) CL-,, 6"('2&."" 6)"+', 
'<B)1'61". 61*2.*"4 H('6'#*4'+' 1"-".*2 .$ Fas-'H')("#'6$..3A 4";$.*>4. S&'& 636'# 
').'6$. .$ &'4 .$<1:#".**, -&' H(* <1'%*('6$.** TNF-R1 HB&"4 H(*4".".*2 4$1'A 
*.&"(K"(*(B:O"A !FN (4*!FN) .$<1:#$1')? ." &'1?%' >.$-*&"1?.'" B4".?7".*" 
H('$H'H&'>.'+' 61*2.*2 H1$>43 <'1?.3; )"H)*)'4, 6>2&'A *);'#.', .' * )BO")&6"..'" 
H'#$61".*" $H'H&'>$ H(* 6'>#"A)&6** .$ %1"&%* H1$>4'A <'1?.3;, H'1B-$67*; &"($H*: 
CL-, [19]. C'1B-"..3" (">B1?&$&3 )6*#"&"1?)&6B:& ' &'4, -&' &"($H*2 CL-, H'#$612"& 
TNF-R1-*.#B/*('6$..3A $H'H&'>, .' H'1.')&?: ." <1'%*(B"& HB&? H"("#$-* 
)''&6"&)&6B:O*; )*+.$1'6. , &' D" 6("42, 63)'%*A B('6".? R%)H("))** Fas .$ 
%$.$1?/"63; %1"&%$;, >$("+*)&(*('6$..3A H')1" 6'>#"A)&6*2 H1$>4'A <'1?.3; )"H)*)'4, 
)BO")&6"..' ).*D$1)2, %'+#$ &")&*('6$1$)? H1$>4$ H$/*".&'6, H'1B-$67*; 
+"4'H"(KB>*'..B: &"($H*: .$ ').'6" CL-, [19]. S&' +'6'(*& ' <'1"" >.$-*4'A ('1* 
Fas-'H')("#'6$..'A H"("#$-* )*+.$1$ 6 ("$1*>$/** 4";$.*>4'6, ) %'&'(34* )62>$. 
>$O*&.3A RKK"%& &"($H** CL-,. 
J"6%:(""*. 06%@ 
U'&2 EC8 *+($:& <ó1?7B: ('1? 6 $%&*6$/** 6."7."+' HB&* K'(4*('6$.*2 $H'H&'>$, 
*>4".".*2 $%&*6.')&* %$)H$>3-9, >$("+*)&(*('6$..3" B <'1?.3; )"H)*)'4 .$ K'." 
+"4'H"(KB>*'..'A &"($H** ) CL-,, )6*#"&"1?)&6B:& ' #'H'1.*&"1?.'4 >.$-".** R&'+' 
6*#$ 1"-".*2 #12 6.B&(".."+' HB&* [8]. C')%'1?%B $%&*6$/*2 $H'H&'>$ H' 6.B&(".."4B 
HB&* >$6*)*& '& <$1$.)$ H('$H'H&'>.3; * $.&*$H'H&'>.3; H("#)&$6*&"1"A )"4"A)&6$ Bcl, 
6 ($4%$; .$7"+' *))1"#'6$.*2 <31' 'H("#"1".' )''&.'7".*" H('$H'H&'>.'+' <"1%$ Bax % 
$.&*$H'H&'>.'4B <"1%B Bcl-2 [19]. !">B1?&$&3 $.$1*>$ )6*#"&"1?)&6B:&, -&' &'+#$ %$% 
H1$>4$ <'1?.3; )"H)*)'4, H'1B-$67*; &($#*/*'..B: &"($H*:, )H')'<)&6'6$1$ 
B6"1*-".*: )''&.'7".*2 Bax/Bcl-2 >$ 72--$)'6'A H"(*'#, H1$>4$ H$/*".&'6, %'&'(3" 
H'1B-$1* +"4'H"(KB>*'..B: &"($H*: ) CL-,, ;$($%&"(*>'6$1$)? >.$-*&"1?.' 4".?7*4 
)''&.'7".*"4 Bax/Bcl-2 [19]. S&' .$<1:#".*" )6*#"&"1?)&6B"& ' )62>* CL-,-
'H')("#'6$..'+' B6"1*-".*2 D*>.")H')'<.')&* %1"&'% ) 6.B&("..*4 HB&"4 ($>6*&*2 
$H'H&'>$. 
Q$0$4"*%(4@"7( )(I1"*3)7, "( '8+31""7( ' 10$0%$3$) 
M1B-7".*" *);'#$ )"H)*)$ .$ K'." +"4'H"(KB>*'..'A &"($H** ) CL-, 4'D"& <3&? 
)62>$.' ) #'H'1.*&"1?.34* %1"&'-.34* 4";$.*>4$4*, H'4*4' 61*2.*2 .$ H('/")) 
$H'H&'>$, .$H(*4"(, ) .$(B7".*"4 '(*".&$/** %1"&'%, B1B-7".*"4 ("$<)'(</*'..'A 
)H')'<.')&*, B4".?7".*"4 6')H$1".*2 * H('.*/$"4')&* [19, 24-26]. 

C($6*1?.$2 )&(B%&B($ H'-"-.3; %$.$1?/"6 ').'6$.$ .$ H($6*1?.'A <$>$1?.'-$H*%$1?.'A 
'(*".&$/** )''&6"&)&6B:O*; %1"&'%. , (">B1?&$&" '<($<'&%* %$.$1?/"63; %1"&'% 
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H1$>4'A <'1?.3; )"H)*)'4, R&* %1"&%* *>4".21* )6': '(*".&$/*:, -&' .$(B7$1' 
)&(B%&B(B H'-"-.3; %$.$1?/"6. I"4 ." 4"."", H(* '<($<'&%" H1$>4'A <'1?.3;, 
H'1B-$67*; +"4'H"(KB>*'..B: &"($H*: CL-,, %1"&%* H'-"% )'"#*.21*)? ) 4$&(*%)'4, $ 
R&', 6 )6': '-"("#?, H(*6'#*1' % 6'))&$.'61".*: )&(B%&B(3 H'-"-.3; %$.$1?/"6 [19]. 
,$D.$2 KB.%/*2 %$.$1?/"63; %1"&'% )')&'*& 6 ("$<)'(</** K*1?&('6$..3; %1B<'-%$4* 
.*>%'4'1"%B12(.3; <"1%'6 * 4'1"%B1, -&' H("#BH("D#$"& *> 636"#".*" ) 4'-'A. L"+$1*. 
- R&' '#*. *> &($.)H'(&.3; ("/"H&'('6, %'&'(3A <31 '<.$(BD". .$ 6.B&(".."A 
H'6"(;.')&* H('%)*4$1?.3; H'-"-.3; %$.$1?/"6 [25]. 8'+1$).' (">B1?&$&$4 .$7"+' 
*))1"#'6$.*2, '<($<'&%$ %$.$1?/"63; %1"&'% H1$>4'A <'1?.3; )"H)*)'4 H(*6'#*1$ % 
>.$-*&"1?.'4B H'#$61".*: R%)H("))** 4"+$1*.$. , &' D" 6("42, H')1" 6'>#"A)&6*2 
H1$>4'A %('6* <'1?.3;, H'1B-$67*; +"4'H"(KB>*'..B: &"($H*: ) CL-,, B('6".? 
4"+$1*.$ <31 &$%*4 D", %$% H(* *)H'1?>'6$.** H1$>43 >#'('63; #'<('6'1?/"6 [19], -&' 
+'6'(*& ' H'1.'4 B)&($.".** .$(B7".*A H('/"))$ ("$<)'(</**. 

, /"1'4, H'6("D#".*" H'-"-.3; %1"&'% >$-$)&B: ;$($%&"(*>B"&)2 6')H$1".*"4 * 
B6"1*-".*"4 H('.*/$"4')&* %1"&'-.'A )&".%* [24, 26]. F$(B7".*2 R%)H("))** CD40, 
ICAM-1, B7-1 * ."K(*.$, $ &$%D" ($>1*-*2 6 H'%$>$&"12; (">*)&".&.')&* * 
H('.*/$"4')&* #12 $1?<B4*.$ <31* >$("+*)&(*('6$.3 %$% 6 %$.$1?/"63; %1"&%$;, &$% * 6 
+1'4"(B12(.3; H'#'/*&$; H')1" 6'>#"A)&6*2 .$ .*; H1$>4'A <'1?.3; )"H)*)'4 [19]. 
J<($<'&%$ H'-"-.3; %1"&'% H1$>4'A <'1?.3;, H'1B-$67*; &"($H*: CL-,, 
)'H('6'D#$1$)? >.$-*&"1?.' 4".?7*4 6')H$1".*"4 * 4"."" 63($D"..34 B6"1*-".*"4 
H('.*/$"4')&* [19]. I$%*4 '<($>'4, 1B-7*" *);'#3 )"H)*)$, >$("+*)&(*('6$..3" B 
<'1?.3;, %'&'(3" H'1B-$1* +"4'H"(KB>*'..B: &"($H*: ) CL-,, 4'+B& <3&? )62>$.3 ) 
61*2.*"4 R&'+' 6*#$ 1"-".*2 .$ 637"'H*)$..3" 4";$.*>43. 

>*'. 2. 1) J/".%$ 61*2.*2 %$)H$>3-3, %$)H$>3-8 * %$)H$>3-9 .$ %$.$1?/"63" %1"&%*, 
%B1?&*6*('6$..3" 6 H(*)B&)&6** H1$>43 <'1?.3; )"H)*)'4, %'&'(3" H'1B-$1* &'1?%' 
)&$.#$(&.B: &"($H*: (+(BHH$ 8I) *1* )&$.#$(&.B: &"($H*: 6 )'-"&$.** ) CL-, (+(BHH$ 
CL-,), 63H'1."..$2 H(* H'4'O* 4"&'#$ &6"(#'K$>.'+' *44B.'K"(4".&.'+' $.$1*>$ 
($.+1. enzyme-linked immunosorbent assay, ELISA). C1$>4$, 6>2&$2 B H$/*".&'6 *> +(BHH 8I 
* CL-,, *.#B/*('6$1$ B6"1*-".*" $%&*6.')&* 6)"; %$)H$> (* ( < 0,05, 6 )($6.".** ) 
H1$>4'A >#'('63; #'<('6'1?/"6). C' )($6.".*: ) H1$>4'A CL-, I0, H(* *)H'1?>'6$.** 
H1$>43 CL-, I72 <31' >$("+*)&(*('6$.' >.$-*&"1?.'" ).*D".*" $%&*6.')&* 6)"; %$)H$> 
(† ( < 0,05, CL-, I72 6 )($6.".** ) CL-, I0). I"4 ." 4"."", $%&*6.')&? %$)H$>3-3 * 
%$)H$>3-9 ')&$6$1$)? H(* &$%*; B)1'6*2; )BO")&6"..' H'637"..'A H' )($6.".*: ) 
$%&*6.')&?:, >$("+*)&(*('6$..'A H(* '<($<'&%" %1"&'% H1$>4'A >#'('63; 1:#"A (* ( < 
0,05, CL-, I72 6 )($6.".** ) H1$>4'A >#'('63; #'<('6'1?/"6). b) 0>'<($D".*2, 
'&($D$:O*" R%)H("))*: Fas (CD95) .$ %$.$1?/"63; %1"&%$;, H'1B-"..3" 4"&'#'4 
$&'4.'-K1B'(")/".&.'A )H"%&(')%'H** * *44B.'K1B'(")/"./**. J<($<'&%$ %1"&'% 
H1$>4'A CL-, I0, 8I I0 * 8I I72 ;$($%&"(*>'6$1$)? 63($D"..'A $%&*6$/*"A Fas. I"4 
." 4"."", $%&*6$/*2 Fas )BO")&6"..' B4".?7$1$)? 6 H(*)B&)&6** H1$>43 CL-, I72. 
M6"1*-".*": 400e. ') !"H(">".&$&*6.3A *44B.'<1'&&*.+ 4*&';'.#(*$1?.3; <"1%'6 Bax * 
Bcl-2 6 %$.$1?/"63; %1"&%$;, * )''&6"&)&6B:O*A #".)*&'4"&(*-")%*A $.$1*>, (">B1?&$&3 
%'&'('+' 63($D".3 )''&.'7".*"4 Bax/Bcl-2. C1$>4$ CL-, I0, 8I I0 * 8I I72 
)H')'<)&6'6$1$ >.$-*&"1?.'4B B6"1*-".*: )''&.'7".*2 Bax/Bcl2. I"4 ." 4"."", R&' 
)''&.'7".*" ).*D$1')? 6 H(*)B&)&6** H1$>43 CL-, I72 (1 )&'1<"/ - H1$/"<'; 2 )&'1<"/ 
- >#'('63" #'<('6'1?/3; 3 )&'1<"/ - CL-, I0; 4 )&'1<"/ - CL-, I72; 5 )&'1<"/ - 8I I0; 
6 )&'1<"/ - 8I I72). 
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J'0$)$21%(4@"7( #1""7(, 31:(2*'%:*:$81""7( 8 :1)&1I ,&'0(:*)("%$8, 
870$4"(""7I ' 6-1'%*() 41H$:1%$:"7I D*8$%"7I 
!">B1?&$&3 ."#$6.' >$6"(7"..'+' *))1"#'6$.*2, 6 ').'6" %'&'('+' 1"D$1$ 4'#"1? 
1*+*('6$.*2 * H"(K'($/** )1"H'A %*7%* %(3) 1*.** Sprague-Dawley, H'#&6"(D#$:& 
)H')'<.')&? +"4'H"(KB>** ) CL-, B4".?7$&? H('$H'H&'>.'" 61*2.*" .$ &%$.? H'-"% 
[27]. , ($4%$; R&'+' *))1"#'6$.*2 %(3)$4 H"("62>$1* * H"(K'(*('6$1* )1"HB: %*7%B #12 
&'+' -&'<3 63>6$&? )"H)*). 8HB)&2 24 -$)$ H')1" 1*+*('6$.*2 )1"H'A %*7%* %(3) 
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B4"(O61".3. Q$&"4 H(* H'4'O* 4"&'#$ TUNEL '/".*6$1$)? 63($D"..')&? $H'H&'>$ 6 
&%$.* 1"+%*;, H"-".* * H'-"% [27]. !">B1?&$&3 $.$1*>$ )6*#"&"1?)&6B:&, -&' B %(3), 
%'&'(3" H'1B-*1* &"($H*: CL-,, 63($D"..')&? $H'H&'>$ 6 %1"&%$; H'-"-.3; %$.$1?/"6 
<31$ >.$-*&"1?.' .*D", -"4 B D*6'&.3; *> %'.&('1?.'A +(BHH3 [27]. , &' D" 6("42, 
+"4'H"(KB>*'..$2 &"($H*2 ) CL-, ." )'H('6'D#$1$)? 63($D"..34 61*2.*"4 .$ H('/")) 
$H'H&'>$ 6 &%$.* 1"+%*; *1* H"-".* [27]. S&' 4'D"& <3&? )62>$.' ) 6("4"."4 63H'1.".*2 
'/".%* *1* ) &"4 K$%&'4, -&' &"($H*2 CL-, ." *)H'1?>'6$1$)? 6 &"-".*" H"(63; 24 -$)'6 
H')1" 1*+*('6$.*2 * H"(K'($/** )1"H'A %*7%*. I$%*4 '<($>'4, (">B1?&$&3 R&'+' 
*))1"#'6$.*2 '&-"&1*6' #"4'.)&(*(B:& 61*2.*" &"($H** CL-, .$ $H'H&'> H'-"-.3; 
%1"&'%, '#.$%' ."1?>2 *)%1:-*&?, -&' R&'& 4"&'# 1"-".*2 &$%D" )H')'<". 6'>#"A)&6'6$&? 
.$ H('/")) $H'H&'>$ 6 #(B+*; '(+$.$;. 
GHF*( 878$#7 
9H'H&'> *+($"& 6$D.B: ('1? 6 ($>6*&** H'1*'(+$..'A ."#')&$&'-.')&* *, 6 -$)&.')&*, 
')&('A H'-"-.'A ."#')&$&'-.')&* B <'1?.3; )"H)*)'4. C(* )"H)*)" EC8 
/*(%B1*(B:O"A %('6* )H')'<.3 $%&*6*('6$&? H('/")) H('+($44*('6$..'+' B4*($.*2 
%1"&'%. 81"#'6$&"1?.', B#$1".*" EC8 HB&"4 +"4'H"(KB>** ) CL-, 4'D"& '%$>36$&? 
H'1'D*&"1?.'" 61*2.*" .$ KB.%/*: H'-"% * '<O*A *);'# <1$+'#$(2 H'#$61".*: 
)*)&"4.'A H('$H'H&'>.'A $%&*6.')&*. C')1"#.*" R%)H"(*4".&$1?.3" *))1"#'6$.*2, 
.$(2#B ) (">B1?&$&$4* '/".%* %$.$1?/"63; %1"&'% * +1'4"(B12(.3; H'#'/*&'6, 
H'#&6"(D#$:& ('1? $H'H&'>$ 6 %'4H1"%)" %1"&'-.3; 4";$.*>4'6, %'&'(3" *>4".2:&)2 
H'# #"A)&6*"4 &"($H** CL-,, -&', 6 )6': '-"("#?, H(*6'#*& % B4".?7".*: 6"('2&.')&* 
($>6*&*2 ')&('A H'-"-.'A ."#')&$&'-.')&*. =1$+'#$(2 H'.*4$.*: 4";$.*>4'6, 
'H("#"12:O*; H'1'D*&"1?.'" 61*2.*" +"4'H"(KB>*'..'A &"($H** ) CL-,, 43 4'D"4 
($)7*(*&? %1*.*-")%'" H(*4".".*" R&'+' 4"&'#$, 6 -$)&.')&*, #12 1"-".*2 <'1?.3; *> 
+(BHH3 (*)%$. 
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B()$0(:963*+ ' 0$4*)*&'*"$) J * 6#14("*( 
,"#$%$&'*"1: $H3$: 4*%(:1%6:7 
P*..$ F. N(B>$,6 · L$))*4' #" N$1?$,6 · C$)%$1? C*--*..*< · N1$B#*' !'.%'$,6 
$ J&#"1".*" ."K('1'+**, #*$1*>$ * &($.)H1$.&$/**, <'1?.*/$ 8$.-='(&'1', +. ,*-"./$, 0&$1*2 
< J&#"1".*" $.")&">*'1'+** * *.&".)*6.'A &"($H**, <'1?.*/$ 8$.-='(&'1', +. ,*-"./$, 0&$1*2 
6 L"D#B.$('#.3A .$B-.'-*))1"#'6$&"1?)%*A *.)&*&B& ."K('1'+**, +. ,*-"./$, 0&$1*2 
 

>(9(:1% 
C(* )"H)*)" .$<1:#$"&)2 )1'D.'" 6>$*4'#"A)&6*" 4"D#B <$%&"(*$1?.34* &'%)*.$4* * 
*44B..'A )*)&"4'A '(+$.*>4$ ;'>2*.$. S.#'&'%)*. - R&' %'4H'.".& .$(BD.'A '<'1'-%* 
+($4'&(*/$&"1?.3; <$%&"(*A, %'&'(3A B-$)&6B"& 6 H$&'+".">" )"H)*)$. J. )&*4B1*(B"& 
63($<'&%B H('6')H$1*&"1?.3; /*&'%*.'6 * $%&*6*(B"& )*)&"4B %'4H1"4".&$. I$%*4 
'<($>'4, R.#'&'%)*. 2612"&)2 *#"$1?.'A 4*7".?: #12 &"($H"6&*-")%'+' 64"7$&"1?)&6$ 
H(* )"H)*)". C(24$2 +"4'H"(KB>*2 ) H(*4".".*"4 H'1*4*%)*.$ ,, *44'<*1*>*('6$..'+' 
.$ 6'1'%.$; )'(</*'..'A %'1'.%* (PMX-F), '<")H"-*6$"& )62>36$.*" * ."A&($1*>$/*: 
R.#'&'%)*.$ %$% in vitro, &$% * in vivo. 81"#'6$&"1?.', R%)&($%'(H'($1?.$2 &"($H*2 PMX-F 
4'D"& H("(6$&? <*'1'+*-")%*A %$)%$# H(* )"H)*)". 8*)&"4$&*-")%*A '<>'( .$B-.'A 
1*&"($&B(3 H'#&6"(#*1 H'1'D*&"1?.'" 61*2.*" PMX-F .$ B('6".? $(&"(*$1?.'+' 
#$61".*2, '<Y"4 66'#*4'+' #'H$4*.$ * #'<B&$4*.$, )''&.'7".*" PaO2/FiO2, B#$1".*" 
R.#'&'%)*.$ * H'%$>$&"1* )4"(&.')&*. I"4 ." 4"."", ."'<;'#*4' '&4"&*&?, -&' %$-")&6' 
4.'+*; *))1"#'6$.*A ." <31' 'H&*4$1?.34, H'R&'4B ."1?>2 *)%1:-*&? ."%'&'('" 
H("B6"1*-".*" 'H*)$..3; RKK"%&'6. C')1" 63H'1.".*2 #$..'+' 4"&$-$.$1*>$ <31* 
'HB<1*%'6$.3 #(B+*" *))1"#'6$.*2, 6 &'4 -*)1" 4.'+'/".&('6'" ($.#'4*>*('6$..'" 
%'.&('1*(B"4'" *))1"#'6$.*" )"H&*-")%'+' 7'%$ H(* $<#'4*.$1?.'A *.K"%/**. , R&'4 
*))1"#'6$.** <31' H'%$>$.', -&' *)H'1?>'6$.*" PMX-F 6 #'H'1.".*" % &($#*/*'..'A 
&"($H** '%$>36$1' )BO")&6"..'" H'1'D*&"1?.'" 61*2.*" .$ +"4'#*.$4*%B * KB.%/*: 
'&#"1?.3; '(+$.'6, $ &$%D" )H')'<)&6'6$1' ).*D".*: 28-#."6.'A )4"(&.')&* 6 /"1"6'A 
H'HB12/**. , .$)&'2O"" 6("42 )BO")&6B"& '&-"&1*6'" <*'1'+*-")%'" ').'6$.*" #12 
B#$1".*2 R.#'&'%)*.$ H(* &2D"1'4 )"H)*)" * )"H&*-")%'4 7'%". E*&"($&B(.3" #$..3" 
)1BD$& #'H'1.*&"1?.34 H'#&6"(D#".*"4 /"1")''<($>.')&* %1*.*-")%'+' H(*4".".*2 
R&'+' 4"&'#$, $ &$%D" )'>#$:& ').'6B #12 H('6"#".*2 #$1?."A7*; *))1"#'6$.*A 6 R&'A 
'<1$)&*. 

96&'()%*" H($6$ © (2010 +'#) H(*.$#1"D$& S. Karger AG, +. =$>"1? 

 
8"H)*) ;$($%&"(*>B"&)2 -(">4"(.34 )*)&"4.34 6')H$1*&"1?.34 '&6"&'4 * 6&'(*-.'A 
#*)KB.%/*"A *44B..'A )*)&"43. S&' >$<'1"6$.*" 2612"&)2 ').'6.'A H(*-*.'A )4"(&* 
<'1?.3; 6 '&#"1".*2; *.&".)*6.'A &"($H**. !$)H(')&($."..')&? )"H)*)$ 6 8'"#*."..3; 
5&$&$; 94"(*%* #')&*+$"& 750000 )1B-$"6 6 +'# H(* B('6." )4"(&.')&* '& 25 #' 80% [1]. 
C(* )"H)*)" .$<1:#$"&)2 )1'D.'" 6>$*4'#"A)&6*" 4"D#B <$%&"(*$1?.34* &'%)*.$4* * 
*44B..'A )*)&"4'A '(+$.*>4$ ;'>2*.$. , H$&'+".">" )"H)*)$ B-$)&6B"& R.#'&'%)*., 
%'&'(3A 2612"&)2 %'4H'.".&'4 .$(BD.'A '<'1'-%* +($4'&(*/$&"1?.3; <$%&"(*A. J. 
)&*4B1*(B"& 63($<'&%B H('6')H$1*&"1?.3; /*&'%*.'6, 6%1:-$2 TNF-\ * IL-1, %'&'(3" 
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63H'1.2:& ('1? 4"#*$&'('6 H(* 6')H$1*&"1?.'4 '&6"&" * H'6("D#".** '(+$.'6 [2, 3]. 
N('4" &'+', R.#'&'%)*. $%&*6*(B"& )*)&"4B %'4H1"4".&$ * K$%&'(3 )6"(&36$.*2 %('6*, 
H'R&'4B "+' 4'D.' ($))4$&(*6$&? %$% *#"$1?.B: 4*7".? #12 &"($H"6&*-")%'+' 
64"7$&"1?)&6$ H(* )"H&*-")%'4 7'%" [2]. M-*&36$2 ."#')&$&'-.B: %1*.*-")%B: H'1?>B 
$.&*R.#'&'%)*.'6'A * $.&*/*&'%*.'6'A &"($H**, *.&"(") B-".3; H"("%1:-*1)2 .$ 
R%)&($%'(H'($1?.3" 4"&'#3 1"-".*2 )"H)*)$, %'&'(3" H'>6'12:& B4".?7*&? B('6".? 
4"#*$&'('6 )"H&*-")%'+' H('/"))$ 6 )*)&"4.'4 %('6'&'%". 

C'1*4*%)*. , (CL-, *1* PMX) - R&' %$&*'..3A /*%1*-")%*A H'1*H"H&*#.3A 
$.&*<*'&*%, %'&'(3A '<1$#$"& 63)'%'A )&"H".?: )('#)&6$ % R.#'&'%)*.B. CL-, )H')'<". 
)62>36$&?)2 ) R.#'&'%)*.'4 * ."A&($1*>'6$&? "+' RKK"%&3. J#.$%', R&'4B 
$.&*<$%&"(*$1?.'4B H("H$($&B )6'A)&6"..3 63($D"..'" ."K('&'%)*-")%'" * 
."A('&'%)*-")%'" #"A)&6*", -&' *)%1:-$"& "+' )*)&"4.'" H(*4".".*". , )62>* ) R&*4, 
<31 ($>($<'&$. $#)'(<*(B:O*A %$(&(*#D, 6 %'&'('4 CL-, %'6$1".&.' )62>$. ) 
H'1*)&*('1'634* 6'1'%.$4* (PMX-F) [4]. S&' B)&('A)&6' RKK"%&*6.' *)H'1?>B"& 
)H')'<.')&? CL-, ."A&($1*>'6$&? R.#'&'%)*.3, &'+#$ %$% )*)&"4.$2 &'%)*-.')&? 
H("H$($&$ )6'#*&)2 % 4*.*4B4B. C(24$2 +"4'H"(KB>*2 ) H'4'O?: %'1'.%* PMX-F 
'<")H"-*6$"& )62>36$.*" * ."A&($1*>$/*: R.#'&'%)*.$ %$% in vitro, &$% * in vivo [4]. 
81"#'6$&"1?.', R%)&($%'(H'($1?.$2 &"($H*2 ) H(*4".".*"4 PMX-F 4'D"& B4".?7*&? 
%'./".&($/*: R.#'&'%)*.$ 6 )*)&"4.'4 %('6'&'%", *, 6'>4'D.', H("(6$&? <*'1'+*-")%*A 
%$)%$# )"H)*)$. 8 1994 +'#$ %'1'.%$ PMX-F H(*4".2"&)2 6 %1*.*-")%*; B)1'6*2; 6 
]H'.** #12 1"-".*2 H$/*".&'6 ) R.#'&'%)"4*"A, <'1?.3; ) H'#'>(".*"4 .$ 
*.K"%/*'..3A H('/")), 63>6$..3A +($4'&(*/$&"1?.34* 4*%(''(+$.*>4$4*, H(* 
B)1'6** )''&6"&)&6*2 %(*&"(*24 )*.#('4$ )*)&"4.'+' 6')H$1*&"1?.'+' '&6"&$ (88,J), $ 
&$%D" H$/*".&'6 ) )"H&*-")%*4 7'%'4, %'&'(34 ."'<;'#*4' 66"#".*" 6$>'H("))'('6. 
C('*>6'#*&"1"4 %'1'.%* PMX-F >$261".', -&' ) 1994 +'#$ )H"/*K*-")%'" 1"-".*" 
H('71* <'1"" 70000 <'1?.3; [I'(RA 0.#$)&(*>, ."'HB<1*%'6$..3" #$..3"]. 
C*'%()1%*-('&*. $H3$: 4*%(:1%6:7 
, ($4%$; .")%'1?%*; *))1"#'6$.*A <31' H('#"4'.)&(*('6$.' RKK"%&*6.'" B#$1".*" 
R.#'&'%)*.$ H(* H'4'O* %'1'.%* PMX-F, .$(2#B ) B+."&".*"4 63($<'&%* TNF-\. I"4 ." 
4"."", .")4'&(2 .$ H'#&6"(D#"..B: )H')'<.')&? ).*D$&? B('6".? R.#'&'%)*.$ 6 %('6*, 
61*2.*" R&'+' 6*#$ &"($H** .$ %1*.*-")%*" H'%$>$&"1* #' )*; H'( &'-.' ." 'H("#"1".'. 
!">B1?&$&3 ($..*; *))1"#'6$.*A )6*#"&"1?)&6B:& ' &'4, -&' &"($H*2 ) H'4'O?: %'1'.%* 
PMX-F ;$($%&"(*>B"&)2 RKK"%&*6.34 ).*D".*"4 B('6.2 R.#'&'%)*.$, $ &$%D" '%$>36$"& 
."%'&'('" H'1'D*&"1?.'" 61*2.*" .$ B('6".? $(&"(*$1?.'+' #$61".*2, '<Y"4 66'#*43; 
6$>'H("))'('6, +$>''<4". * %($&%')('-.B: )4"(&.')&?. J#.$%', 4.'+*" *))1"#'6$.*2 
<31* ."<'1?7*4* * '<1$#$1* ."#')&$&'-.'A 4'O.')&?:, H'R&'4B *; (">B1?&$&3 ." 
H'>6'12:& )#"1$&? '%'.-$&"1?.3" 636'#3. , 2007 +'#B 43 63H'1.*1* )*)&"4$&*-")%*A 
'<>'( #')&BH.'A %1*.*-")%'A 1*&"($&B(3 * )'<($1* )6"#".*2 '< RKK"%&*6.')&* PMX-F 
H(* )"H)*)" [5, 6]. ,3H'1."..3A 4"&$-$.$1*> ';6$&*1 9 ($.#'4*>*('6$..3; 
%'.&('1*(B"43; *))1"#'6$.*A, $ &$%D" 19 '<)"(6$/*'..3; *))1"#'6$.*A, 6 %'&'(3; 
H(*.21* B-$)&*" <'1"" 1400 H$/*".&'6, H'1B-$67*; 1"-".*" 6 7 )&($.$;. !">B1?&$&3 
R&'+' 4"&$-$.$1*>$, $ &$%D" (">B1?&$&3 '&#"1?.3; *))1"#'6$.*A %($&%' H("#)&$61".3 
#$1"". 

C' #$..34 9 ($.#'4*>*('6$..3; %'.&('1*(B"43; *))1"#'6$.*A * 10 '<)"(6$/*'..3; 
*))1"#'6$.*A, .$ K'." &"($H** ) H'4'O?: PMX-F B('6".? R.#'&'%)*.$ 6 %('6'&'%" 
<'1?.3; ).*D$1)2 .$ 33-80% H' )($6.".*: ) *);'#.34* H'%$>$&"124* [6]. , (">B1?&$&" 
&"($H** PMX-F, H'4*4' B4".?7".*2 %'./".&($/** R.#'&'%)*.$, .$<1:#$1')? ).*D".*" 
B('6.2 ."%'&'(3; #(B+*; 4"#*$&'('6, &$%*; %$% IL-6 [7-9], IL-10 [8, 9], IL-18 [10], TNF-\ 
[9, 11], 4"&$11'H('&"*.$>$-9 [12], *.+*<*&'( $%&*6$&'($ H1$>4*.'+".$-1 [9, 11, 13, 14], 
."A&('K*1-R1$)&$>$ [13, 14], &('4<'/*&$(.3A K$%&'(-4 [15], Z-&('4<'+1'<B1*. [15], 
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($)&6'(*43A !-)"1"%&*. [15], $ &$%D" R.#'+"..3; %$..$<*.'*#'6, .$H(*4"(, $.$.#$4*#$ 
[16]. 
,1*2.*" &"($H** PMX-F .$ KB.%/*: 1"+%*; <31' *>B-".' 6 ($4%$; '<Y"#*."..'+' 
$.$1*>$ (">B1?&$&'6 7 *))1"#'6$.*A [6]. , /"1'4, H')1" +"4'H"(KB>** ) H'4'O?: PMX-F 
)''&.'7".*" PaO2/FiO2 6'>($)&$1' .$ 32 "#*.*/3 (95% #'6"(*&"1?.3A *.&"(6$1 [P0]: 
23-41 "#*.*/$), -&' )6*#"&"1?)&6B"& '< B1B-7".** KB.%/** 1"+%*;. S&' .$<1:#".*" 
H'#&6"(#*1')? * 6 H')1"#B:O*; *))1"#'6$.*2;. I"($H*2 PMX-F '%$>36$1$ 
H'1'D*&"1?.'" 61*2.*" .$ )''&.'7".*" PaO2/FiO2 <'1?.3; ) ')&(34 1"+'-.34 
H'6("D#".*"4 * ')&(34 (")H*($&'(.34 #*)&(")) )*.#('4'4 .$ K'." )"H)*)$ [17]. 8B#2 
H' 6)"4B, R&'& RKK"%& <31 )62>$. ) B4".?7".*"4 %'./".&($/** ."A&('K*1-R1$)&$>3 * IL-
8 6 %('6* [13]. 

_&' %$)$"&)2 61*2.*2 )H"/*K*-")%'A &"($H** .$ +"4'#*.$4*-")%*" H'%$>$&"1*, &' 
B('6".? )("#."+' $(&"(*$1?.'+' #$61".*2 H')1" &"($H** PMX-F 6'>($)&$1 6 )("#."4 .$ 
26% (#*$H$>'.: '& 14 #' 42%) [6]. 8("#.22 6>6"7"..$2 ($>.*/$ #')&*+$1$ 19 44 (&. )&. 
(95% P0: 15-22 44 (&. )&.). ,3($D"..')&? H'1'D*&"1?.'+' 61*2.*2 .$ B('6".? )("#."+' 
$(&"(*$1?.'+' #$61".*2 >$6*)"1$ '& &2D")&* +*H'&".>**. M H$/*".&'6 ) 4".?7*4 
*);'#.34 B('6."4 $(&"(*$1?.'+' #$61".*2, .$ K'." &"($H** PMX-F .$<1:#$1')? <'1"" 
63($D"..'" B6"1*-".*" )("#."+' $(&"(*$1?.'+' #$61".*2 [6]. ='1"" &'+', 6 ($4%$; 
.")%'1?%*; *))1"#'6$.*A <31' H('#"4'.)&(*('6$.' ).*D".*" #'>3 #'H$4*.$ * 
#'<B&$4*.$ H')1" &"($H** PMX-F [7, 18-20]. 
M('6".? )4"(&.')&* 6 '<Y"#*."..'A +(BHH" H$/*".&'6, H'1B-$67*; &($#*/*'..B: 
&"($H*:, #')&*+$1 61,5%, &'+#$ %$% 6 +(BHH" <'1?.3;, %'&'(3" H('71* %B() &"($H** 
PMX-F, R&'& H'%$>$&"1? )''&6"&)&6'6$1 33,5% [6]. C' #$..34 '<Y"#*."..'A '/".%*, 
&"($H*2 CL-, )H')'<)&6'6$1$ >.$-*&"1?.'4B ).*D".*: B('6.2 )4"(&.')&* H' 
)($6.".*: ) &($#*/*'..34* 4"&'#$4* 1"-".*2 )"H)*)$ ('&.')*&"1?.3A (*)% [J!]: 0,53; 
95% P0: 0,43-0,65). !">B1?&$&3 ($.#'4*>*('6$..3; %'.&('1*(B"43; *))1"#'6$.*A (J!: 
0,50; P0: 0,37-0,68) * ."($.#'4*>*('6$..3; %'.&('1*(B"43; *))1"#'6$.*A (J!: 0,55; 
95% P0: 0,38-0,81) '%$>$1*)? );'#.34*. I"4 ." 4"."", ."'<;'#*4' '&4"&*&?, -&' #*>$A. 
'-".? ."4.'+*; *))1"#'6$.*A, 6%1:-"..3; 6 $.$1*>, H("#H'1$+$1 )H"/*K*-")%B: '/".%B 
H'%$>$&"1"A )4"(&.')&*. 
I$%*4 '<($>'4, #$..3A )*)&"4$&*-")%*A '<>'( .$B-.'A 1*&"($&B(3 6326*1 
H'1'D*&"1?.'" 61*2.*" &"($H** PMX-F .$ B('6".? $(&"(*$1?.'+' #$61".*2, '<Y"4 
H(*4".".*2 #'H$4*.$ (#'<B&$4*.$), )''&.'7".*" PaO2/FiO2, B#$1".*" R.#'&'%)*.$ * 
B('6".? )4"(&.')&* <'1?.3; [6]. F"'<;'#*4' ')'<' '&4"&*&?, -&' 4.'+*" *))1"#'6$.*2, 
6%1:-"..3" 6 #$..3A '<>'(, ;$($%&"(*>'6$1*)? ."#')&$&'-.34 %$-")&6'4, H'R&'4B 
."1?>2 *)%1:-*&? ."%'&'('" H("B6"1*-".*" 'H*)$..3; RKK"%&'6. 
?$'4( '*'%()1%*-('&$2$ $H3$:1 
C')1" HB<1*%$/** (">B1?&$&'6 4"&$-$.$1*>$, 6 1*&"($&B(" H'26*1*)? )6"#".*2 ' 
#'H'1.*&"1?.3; *))1"#'6$.*2; +"4'H"(KB>** ) PMX-F. F"%'&'(3" *> R&*; *))1"#'6$.*A 
H'#&6"(D#$:& +"4'#*.$4*-")%*" RKK"%&3, 'H*)$..3" 6 4"&$-$.$1*>", B%$>36$2 .$ 
B1B-7".*" H'%$>$&"1"A $(&"(*$1?.'+' #$61".*2 * (*1*) B4".?7".*" #'>3 6$>'H("))'('6 
[21-23]. P$1"" %'('&%' 'H*)36$:&)2 (">B1?&$&3 -"&3("; &$%*; *))1"#'6$.*A. 
, 2007 +'#B Cantaluppi * )'$6&. [21] *>B-*1* H'&"./*$1?.B: )H')'<.')&? +"4'H"(KB>** ) 
PMX-F H("#BH("D#$&? *1* B4".?7$&? 63($D"..')&? ')&('A H'-"-.'A ."#')&$&'-.')&*, 
')1'D.*67"A &"-".*" )"H)*)$. 5")&.$#/$&? <'1?.3; +($4'&(*/$&"1?.34 )"H)*)'4 <31* 
6 )1B-$A.'4 H'(2#%" ($)H("#"1".3 6 +(BHH3 &'1?%' &($#*/*'..'A &"($H** )"H)*)$ 
()'+1$).' ("%'4".#$/*24 %$4H$.** H' <'(?<" ) )"H)*)'4; $.+1. surviving sepsis campaign) 
*1* )&$.#$(&.'A &"($H** 6 )'-"&$.** ) PMX-F. , ($4%$; R&'+' ."<'1?7'+' *))1"#'6$.*2 
<31$ 63H'1.".$ '/".%$ D*>.")H')'<.')&* %1"&'%, 63($D"..')&* $H'H&'>$, H'12(.')&*, 



74                     T"4'H"(KB>*2 ) H'1*4*%)*.'4 , * B#$1".*" R.#'&'%)*.$. N(B> · #" N$1? · C*--*..* · !'.%' 

4'(K'+".">$ * /"1')&.')&* RH*&"1*$1?.3; )&(B%&B(. , '/".%B <31* 6%1:-".3 
%$.$1?/"63" %1"&%* * +1'4"(B12(.3" H'#'/*&3, %B1?&*6*('6$..3" 6 H(*)B&)&6** H1$>43 
%('6* <'1?.3; *> '<"*; +(BHH. !">B1?&$&3 *))1"#'6$.*2 )6*#"&"1?)&6B:&, -&' &"($H*2 
PMX-F )H')'<)&6B"& ).*D".*: H('$H'H&'>.'A $%&*6.')&* H1$>43 <'1?.3; )"H)*)'4 >$ 
)-"& 4'#B1*('6$.*2 $%&*6.')&* Fas * %$)H$>3, $ &$%D" ("+B12/** )''&.'7".*2 Bax/Bcl-2. 
N('4" &'+', H1$>4$ <'1?.3;, %'&'(3" H('71* &"($H*: PMX-F, H('&*6'#"A)&6'6$1$ 
.$(B7".*24 H'12(.')&* * H('.*/$"4')&* %1"&'-.3; )&(B%&B(, *.#B/*('6$..34 
)"H&*-")%'A H1$>4'A. ,3($D"..')&? H('&"*.B(** * B('6".? %$.$1?/"63; K"(4".&'6 6 
4'-" &$%D" >.$-*&"1?.' ).*D$1*)? H')1" &"($H** PMX-F, &'+#$ %$% &($#*/*'..$2 
&"($H*2 )"H)*)$ ." '<1$#$1$ H'#'<.34 61*2.*"4. S&* *.&(*+B:O*" (">B1?&$&3 
H'#+'&'6*1* H'-6B #12 *))1"#'6$.*2 ('1* R.#'&'%)*.$ 6 ')&('4 H'6("D#".** H'-"% H(* 
)"H)*)". 
C(* H'4'O* *44B.'/*&';*4*-")%'+' 4"&'#$ * R1"%&('..'A 4*%(')%'H** 6 )6'"4 
."#$6."4 *))1"#'6$.** Nishibori * )'$6&. [24] H('#"4'.)&(*('6$1* B#$1".*" 
$%&*6*('6$..3; 4'.'/*&'6 *> H"(*K"(*-")%'A %('6* <'1?.3; )"H)*)'4 H(* H'4'O* 
%'1'.%* PMX-F. N$(&(*#D PMX-F )H')'<". )62>36$&? ." &'1?%' )6'<'#.3A 
1*H'H'1*)$;$(*# H1$>43 %('6*, .' * 4'.'/*&3, *44B.'("$%&*6.3" H' '&.'7".*: % 
CD14 * CD68. S&* %1"&%* '&6"&)&6"..3 >$ $%&*6$/*: )*+.$1?.'A KB.%/** &'11-
H'#'<.3; ("/"H&'('6 4 &*H$ ) H')1"#B:O*4 63)6'<'D#".*"4 4"#*$&'('6 6')H$1".*2. 
96&'(3 H'1$+$:&, -&' B#$1".*" $%&*6*('6$..3; 4'.'/*&'6 *> %('6'&'%$ <'1?.3; 
)"H)*)'4 4'D"& '%$>36$&? H'1'D*&"1?.'" 61*2.*" <1$+'#$(2 B4".?7".*: 
6>$*4'#"A)&6*2 4"D#B 4'.'/*&$4* * KB.%/*'.$1?.' )62>$..34* ) .*4* %1"&%$4*, 
6%1:-$2 %1"&%* R.#'&"1*2. 

!">B1?&$&3 *))1"#'6$.*2 EUPHAS ($.+1. Early Use of Polymyxin B Hemoperfusion in 
Abdominal Septic Shock; ($.."" H(*4".".*" +"4'H"(KB>** ) H'1*4*%)*.'4 , H(* 
$<#'4*.$1?.'4 )"H&*-")%'4 7'%") &$%D" <31* 'HB<1*%'6$.3 ."#$6.' [22]. J.* 
H'#('<.' '<)BD#$:&)2 Antonelli * )'$6&. ()4. )&(. 77-84). 0))1"#'6$.*" EUPHAS 
B.*%$1?.' &"4, -&' 6 ."4 B-$)&6'6$1* H$/*".&3 ) H("#H'1'D*&"1?.' 63)'%*4 B('6."4 
R.#'&'%)*.$ 6 %('6*, B %'&'(3; <31$ 6'>4'D.$ RKK"%&*6.$2 ;*(B(+*-")%$2 1*%6*#$/*2 
'-$+$ *.K"%/**. 5")&?#")2& -"&3(" ;*(B(+*-")%*; H$/*".&$ ) &2D"134 $<#'4*.$1?.34 
)"H)*)'4 *1* )"H&*-")%*4 7'%'4 <31* 6 )1B-$A.'4 H'(2#%" ($)H("#"1".3 6 +(BHH3 
&'1?%' &($#*/*'..'A &"($H** *1* &($#*/*'..'A &"($H** 6 )'-"&$.** ) #6B42 )"$.)$4* 
+"4'H"(KB>** ) PMX-F. C'4*4' H'1'D*&"1?.'+' 61*2.*2 .$ +"4'#*.$4*-")%*" 
H'%$>$&"1*, )B#2 H' 6)"4B, &"($H*2 PMX-F &$%D" )H')'<)&6'6$1$ B4".?7".*: '(+$..'A 
#*)KB.%/** ()'+1$).' 7%$1" H')1"#'6$&"1?.'A '/".%* '(+$..'A ."#')&$&'-.')&*; $.+1. 
Sequential Organ Failure Assessment, SOFA) * B4".?7".*: B('6.2 28-#."6.'A )4"(&.')&* 
(."%'((*+*('6$..'" '&.'7".*" (*)%'6 [J!]: 0,43, 95% P0: 0,20-0,94; %'((*+*('6$..'" 
J!: 0,36, 95% P0: 0,16-0,80). 96&'(3 ("%'4".#'6$1* 63H'1.*&? #'H'1.*&"1?.3" 
4.'+'/".&('63" *))1"#'6$.*2 #12 &'+', -&'<3 H'#&6"(#*&? R&* 4.'+''<"O$:O*" 
(">B1?&$&3. 
C$/*".&3, %'&'(3" H"(".")1* &($.)H1$.&$/*: '(+$.'6, H("#)&$612:& )'<'A *.&"(").3A 
'<Y"%& #12 *))1"#'6$.*A 6 )62>* ) .$(B7"..'A KB.%/*"A *44B..'A )*)&"43 * 
H'637"..34 (*)%'4 ($>6*&*2 *.K"%/**, ')'<"..' 6 &"-".*" H"(63; 4")2/"6 H')1" 
&($.)H1$.&$/**. !$)H(')&($."..')&? )"H&*-")%'+' 7'%$ )("#* <'1?.3;, H"(".")7*; 
&($.)H1$.&$/*: H$(".;*4$&'>.'+' '(+$.$, )')&$612"& 14%, $ )4"(&.')&?, )62>$..$2 ) 
R&*4 )')&'2.*"4, #')&*+$"& 54% [25]. Ruberto * )'$6&. [23] *>B-*1* %1*.*-")%*" RKK"%&3 
H(24'A +"4'H"(KB>** ) CL-, 6 H'HB12/** H$/*".&'6, B %'&'(3; H')1" &($.)H1$.&$/** 
H$(".;*4$&'>.'+' '(+$.$ ($>6*1)2 )"H)*) *1* )"H&*-")%*A 7'%. C2&.$#/$&? H$/*".&'6, B 
%'&'(3; )HB)&2 ."%'&'('" 6("42 H')1" &($.)H1$.&$/** H'-%* *1* H"-".* H'26*1*)? 
H(*>.$%* &2D"1'+' +($4'&(*/$&"1?.'+' )"H)*)$ *1* )"H&*-")%'+' 7'%$, H('71* 3 )"$.)$ 
&"($H** PMX-F. C'#'<.' (">B1?&$&$4, H("#)&$61"..34 6 )*)&"4$&*-")%'4 '<>'(", 6 
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#$..'4 *))1"#'6$.** B H$/*".&'6, H'1B-*67*; &(* )"$.)$ +"4'H"(KB>**, .$<1:#$1)2 
(')& B('6.2 )("#."+' $(&"(*$1?.'+' #$61".*2 H' )($6.".*: ) *);'#.34* H'%$>$&"124* () 
63 ± 5 #' 83 ± 4 44 (&. )&.), &'+#$ %$% #'>$ #'<B&$4*.$ ('& 7,5 ± 3 #' 3 ± 2 4%+/%+/4*.) * 
.'($#(".$1*.$ ('& 1,3 ± 0,45 #' 0,05 ± 0,02 4%+/%+/4*.) ).*>*1$)?. 8''&.'7".*" PaO2/FiO2 
6'>(')1' ('& 234 ± 38,47 #' 290 ± 107,48 44 (&. )&.). 96&'(3 H(*71* % >$%1:-".*:, -&' 
H(*4".".*" PMX-F 6 )'-"&$.** ) &($#*/*'..34* 4"&'#$4* &"($H** 4'D"& )1BD*&? 
)"(?">.34 H'#)H'(?"4 H(* 1"-".** )"H)*)$, ($>6*67"+')2 .$ K'." H"(".")"..'A 
&($.)H1$.&$/** H$(".;*4$&'>.'+' '(+$.$. 
>(3;)( 
, .$)&'2O"" 6("42 )BO")&6B"& '&-"&1*6'" <*'1'+*-")%'" ').'6$.*" #12 B#$1".*2 
R.#'&'%)*.$ H(* &2D"1'4 )"H)*)" * )"H&*-")%'4 7'%". 8'6("4"..3" 1*&"($&B(.3" 
#$..3" )1BD$& #'H'1.*&"1?.34 H'#&6"(D#".*"4 /"1")''<($>.')&* %1*.*-")%'+' 
H(*4".".*2 R&'+' 4"&'#$, $ &$%D" )'>#$:& ').'6B #12 H('6"#".*2 #$1?."A7*; 
*))1"#'6$.*A 6 R&'A '<1$)&*. C(* H('6"#".** #$1?."A7*; *))1"#'6$.*A H1$.*(B"&)2 
*)H'1?>'6$&? 4"&'#3 'H("#"1".*2 $%&*6.')&* R.#'&'%)*.$, %'&'(3" H'4'+B& ) 63<'('4 
H$/*".&'6 * K'(4*('6$.*"4 H'HB12/**. 
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K#14("*( ,"#$%$&'*"1 0:* '(0%*-('&$) /$&( 8 &4*"*-('&*I 6'4$8*+I 
=*<1*'+($K*-")%$2 ))31%$: Ronco C, Piccinni P, Rosner MH (eds): Endotoxemia and 
Endotoxin Shock: Disease, Diagnosis and Therapy. Contrib Nephrol. Basel, Karger, 2010, vol 
167, pp 83-90 
 

K#14("*( ,"#$%$&'*"1 8 &4*"*-('&$. 0:1&%*&( 0:* 
0$)$F* 0$4*)*&'*"1 J: :(364@%1%7 *''4(#$81"*+ 
EUPHAS 
L$))*4' 9.&'."11*$ · !'<"(&' @B4$+$11*< · P*..$ F. N(B>6,+ · F*%'1$ 
=(*".>$# · @($.-")%' T?:.&$" '& 1*/$ *))1"#'6$&"1?)%'A +(BHH3 EUPHAS 
$ J&#"1".*" *.&".)*6.'A &"($H** * $.")&">*'1'+**, N$&'1*-")%*A B.*6"()*&"& C(")62&'+' 8"(#/$, +. !*4, 
0&$1*2 
< J&#"1".*" $.")&">*'1'+** * *.&".)*6.'A &"($H**, M.*6"()*&"& L*1$.'-=*%'%%$, <'1?.*/$ 86. T"($(#', +. 
L'./$, 0&$1*2 
6 J&#"1".*" ."K('1'+**, #*$1*>$ * &($.)H1$.&$/**, <'1?.*/$ 8$.-='(&'1', +. ,*-"./$, 0&$1*2 
+ L"D#B.$('#.3A .$B-.'-*))1"#'6$&"1?)%*A *.)&*&B& ."K('1'+**, +. ,*-"./$, 0&$1*2 
# J&#"1 ."'&1'D.'A H'4'O* * &($.)H1$.&$/** '(+$.'6, J&#"1".*" $.")&">*'1'+** * *.&".)*6.'A &"($H**, 
M.*6"()*&"& +. =$(*, +. =$(*, 0&$1*2 
" J&#"1".*" ;*(B(+**, M.*6"()*&"& +. C*>$, +. C*>$, 0&$1*2 
0))1"#'6$&"1?)%$2 +(BHH$ EUPHAS: P*..$ F. N(B>, 4$+*)&( >#($6'';($.".*2; L$))*4' 9.&'."11*, #'%&'( 
4"#*/*.3; !'<"(&' @B4$+$11*, #'%&'( 4"#*/*.3; @($.-")%$ @'1&($., #'%&'( 4"#*/*.3; F*%'1$ =(*".>$, 
#'%&'( 4"#*/*.3, #'%&'( .$B%; 9<"1" P'.$&*, #'%&'( 4"#*/*.3; ,*.-"./' L$1%$.+*, #'%&'( 4"#*/*.3; 
@1$6*$ C"&(*.*, #'%&'( 4"#*/*.3; T*$#$ ,'1?&$, #'%&'( 4"#*/*.3; @($.%' L. ='<<*' C$11$6*-*.*, 
#'%&'( 4"#*/*.3; @"#"(*%$ !'&&'1*, #'%&'( 4"#*/*.3; @($.-")%' T?:.&$, #'%&'( 4"#*/*.3; N1$B#*' 
!'.%', #'%&'( 4"#*/*.3. 

 

>(9(:1% 
N$(&(*#D ) H'1*4*%)*.'4 , - R&' 4"#*/*.)%'" B)&('A)&6', H("#.$>.$-"..'" #12 
B4".?7".*2 %'./".&($/** R.#'&'%)*.$ 6 %('6* <'1?.3; )"H)*)'4. 9<#'4*.$1?.3A 
)"H)*), 63>6$..3A +($4'&(*/$&"1?.34* 4*%(''(+$.*>4$4*, ;$($%&"(*>B"&)2 63)'%*4 
)'#"(D$.*"4 R.#'&'%)*.$ 6 )*)&"4.'4 %('6'&'%". , *:." 2009 +'#$ 6 DB(.$1" 
94"(*%$.)%'A 4"#*/*.)%'A $))'/*$/** ($.+1. Journal of the American Medical Association, 
JAMA) <31* 'HB<1*%'6$.3 (">B1?&$&3 *))1"#'6$.*2 EUPHAS ($.+1. Early Use of 
Polymyxin B Hemoperfusion in Abdominal Septic Shock; ($.."" H(*4".".*" +"4'H"(KB>** ) 
H'1*4*%)*.'4 , H(* $<#'4*.$1?.'4 )"H&*-")%'4 7'%"). , R&'4 *))1"#'6$.** H(*.21* 
B-$)&*" 64 H$/*".&$ ) &2D"134 )"H)*)'4 *1* )"H&*-")%*4 7'%'4, %'&'(3" 6 H"(*'# ) 
#"%$<(2 2004 +'#$ H' #"%$<(? 2007 +'#$ H"(".")1* R%)&("..'" 'H"($&*6.'" 64"7$&"1?)&6' 
H' H'6'#B 6.B&(*<(:7.'A *.K"%/**. S&* H$/*".&3 <31* 6 )1B-$A.'4 H'(2#%" 
($)H("#"1".3 6 +(BHH3 &'1?%' &($#*/*'..'A &"($H** (n = 30) *1* &($#*/*'..'A &"($H** 
6 )'-"&$.** ) #6B42 )"$.)$4* +"4'H"(KB>** ) H'1*4*%)*.'4 , (n = 34). J).'6.34* 
%(*&"(*24* '/".%* )1BD*1* *>4".".*2 B('6.2 )("#."+' $(&"(*$1?.'+' #$61".*2 (9P)() * 
H'&("<.')&* 6 6$>'H("))'($;, &'+#$ %$% 6 ('1* #'H'1.*&"1?.3; %(*&"(*"6 63)&BH$1* 
)''&.'7".*" PaO2/FiO2 (K($%/*'..$2 %'./".&($/*2 %*)1'('#$ 6' 6#3;$"4'4 6'>#B;"), 
63($D"..')&? '(+$..'A #*)KB.%/** ()'+1$).' 7%$1" H')1"#'6$&"1?.'A '/".%* '(+$..'A 
."#')&$&'-.')&*; $.+1. Sequential Organ Failure Assessment, SOFA) * B('6".? 28-#."6.'A 
)4"(&.')&*. , &"-".*" 72 -$)'6 6 +(BHH" &"($H** H'1*4*%)*.'4 , .$<1:#$1')? 
B6"1*-".*" B('6.2 )("#."+' $(&"(*$1?.'+' #$61".*2 ('& 76 #' 84 44 (&. )&.; ( = 0,001) * 
).*D".*" H'&("<.')&* 6 6$>'H("))'($; (*.'&('H.3A %'RKK*/*".& [$.+1. inotropic score]: 
'& 29,9 #' 6,8; ( = 0,001), &'+#$ %$% 6 +(BHH" &($#*/*'..'A &"($H** H'#'<.3" *>4".".*2 
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'&)B&)&6'6$1* (9P)(: '& 74 #' 77 44 (&. )&.; ( = 0,37; *.'&('H.3A %'RKK*/*".&: '& 28,6 #' 
22,4; ( = 0,14). 8''&.'7".*" PaO2/FiO2 .")%'1?%' B6"1*-*1')? 6 +(BHH" &"($H** 
H'1*4*%)*.'4 , ('& 235 #' 264; ( = 0,049), .' ')&$1')? ."*>4"..34 6 +(BHH" )&$.#$(&.'A 
&"($H** )"H)*)$ ('& 217 #' 228; ( = 0,79). J/".%$ H' 7%$1" SOFA B1B-7*1$)? 6 +(BHH" 
&"($H** H'1*4*%)*.'4 ,, .' 6 +(BHH" &($#*/*'..'A &"($H** R&'& H'%$>$&"1? 
)BO")&6"..' ." *>4".*1)2 (*>4".".*2 '/".%* H' 7%$1" SOFA: -3,4 6 )($6.".** ) -0,1; ( = 
0,001). M('6".? 28-#."6.'A )4"(&.')&* #')&*+$1 32% (11 *> 34 H$/*".&'6) 6 +(BHH" 
&"($H** H'1*4*%)*.'4 , * 53% (16 *> 30 H$/*".&'6) 6 +(BHH" )&$.#$(&.'A &"($H** 
)"H)*)$ (."%'((*+*('6$..'" '&.'7".*" (*)%'6 [J!]: 0,43, 95% P0: 0,20-0,94; 
%'((*+*('6$..'" J!: 0,36, 95% P0: 0,16-0,80). !">B1?&$&3 *))1"#'6$.*2 
)6*#"&"1?)&6B:&, -&' +"4'H"(KB>*2 ) H'1*4*%)*.'4 ,, #'H'1.2:O$2 &($#*/*'..B: 
&"($H*:, '%$>36$1$ >.$-*&"1?.'" H'1'D*&"1?.'" 61*2.*" .$ +"4'#*.$4*%B * KB.%/*: 
'(+$.'6, $ &$%D" )H')'<)&6'6$1$ ).*D".*: B('6.2 28-#."6.'A )4"(&.')&* 6 H'HB12/** 
<'1?.3; ) &2D"134 )"H)*)'4 *1* )"H&*-")%*4 7'%'4, ')1'D.*67*4 6.B&(*<(:7.B: 
*.K"%/*:, 63>6$..B: +($4'&(*/$&"1?.34* 4*%(''(+$.*>4$4*. 

96&'()%*" H($6$ © (2010 +'#) H(*.$#1"D$& S. Karger AG, +. =$>"1? 

 
S.#'&'%)*. - '#*. *> ').'6.3; %'4H'.".&'6 .$(BD.'A '<'1'-%* +($4'&(*/$&"1?.3; 
<$%&"(*A, *+($"& %1:-"6B: ('1? 6 H$&'+".">" )"H)*)$ * )"H&*-")%'+' 7'%$. ,3)'%*A 
B('6".? $%&*6.')&* R.#'&'%)*.$ %'(("1*(B"& ) ;B#7*4* %1*.*-")%*4* *);'#$4* [1]. 
I"4 ." 4"."", RKK"%&*6.')&? $.&*R.#'&'%)*.'6'A &"($H** H'-H("D."4B 2612"&)2 
H("#4"&'4 #12 .$B-.3; #*)%B))*A [2, 3]. WO" 6 1970-; ++. <31' B)&$.'61".', -&' 
H'1*4*%)*. , (CL-,) '<1$#$"& >$O*&.34 61*2.*"4 H(* R.#'&'%)*.-*.#B/*('6$..'4 
+"4'#*.$4*-")%'4 7'%". , &' D" 6("42, '%$>$1')?, -&' R&' )'"#*.".*" -(">63-$A.' 
&'%)*-.' #12 H'-"% * /".&($1?.'A ."(6.'A )*)&"43. C')%'1?%B #12 .'63; 
$.&*R.#'&'%)*.'63; H("H$($&'6 ." H'#&6"(#*1')? <1$+'H(*2&.'" 61*2.*" .$ *);'# 
)"H&*-")%'+' 7'%$, %'4H$.*2 I'(RA 0.#$)&(*> ($>($<'&$1$ B)&('A)&6' #12 
+"4'H"(KB>*'..'A &"($H**, .$ 6'1'%.$; %'&'('+' K*%)*('6$. H'1*4*%)*. ,. S&' 
B)&('A)&6' )H')'<.' RKK"%&*6.' )62>36$&? R.#'&'%)*. %$% in vitro, &$% * in vivo, *, &"4 
)$434, H("(36$&? <*'1'+*-")%*A %$)%$# H(* )"H)*)" [4]. C' #$..34 .'6'+' 
)*)&"4$&*-")%'+' '<>'($, 63H'1."..'+' Cruz * )'$6&. [5], H(24$2 +"4'H"(KB>*2 ) CL-, 
'%$>36$1$ <1$+'H(*2&.'" 61*2.*" .$ B('6".? )("#."+' $(&"(*$1?.'+' #$61".*2, 
H'&("<.')&? 6 *)H'1?>'6$.** 6$>'H("))'('6, )''&.'7".*" PaO2/FiO2 * B('6".? 
)4"(&.')&* <'1?.3; )"H)*)'4. I"4 ." 4"."", 'H*)$..3" (">B1?&$&3 63>36$1* <'1?7*" 
)'4.".*2 6 )62>* ) ($>.'('#.')&?: * 4"&'#'1'+*-")%*4* '+($.*-".*24* 
H("#7")&6B:O*; *))1"#'6$.*A. 
8"H&*-")%*A 7'%, ($>6*6$:O*A)2 .$ K'." 6.B&(*<(:7.'A *.K"%/**, 6 <'1?7*.)&6" 
)1B-$"6 63>6$. +($4'&(*/$&"1?.'A *1* )4"7$..'A K1'('A, $ &$%D" )62>$. ) 63)'%*4 
)'#"(D$.*"4 R.#'&'%)*.$ 6 )*)&"4.'4 %('6'&'%". 81"#'6$&"1?.', )"H&*-")%*A 7'% - R&' 
&' )')&'2.*", H(* %'&'('4 $.&*R.#'&'%)*.'6$2 &"($H*2 4'D"& '%$>$&?)2 ')'<"..' 
H'1">.'A [3]. 17 *:.2 2009 +'#$ 6 JAMA <31* 'HB<1*%'6$.3 (">B1?&$&3 *))1"#'6$.*2 
EUPHAS - ($.#'4*>*('6$..'+' %'.&('1*(B"4'+' *))1"#'6$.*2, %'&'('" <31' 63H'1.".' 
6 H'HB12/** <'1?.3; ) )"H&*-")%*4 7'%'4, ($>6*67*4)2 .$ K'." 6.B&(*<(:7.'A 
*.K"%/**. !$."" 6)" B-$)&.*%* R&'+' *))1"#'6$.*2 H"(".")1* ."'&1'D.'" $<#'4*.$1?.'" 
;*(B(+*-")%'" 64"7$&"1?)&6' [6]. T*H'&">$ *))1"#'6$.*2 EUPHAS )')&'21$ 6 &'4, -&' 
+"4'H"(KB>*2 ) CL-, #'1D.$ '%$>36$&? <'1"" 63($D"..'" H'1'D*&"1?.'" 61*2.*" .$ 
+"4'#*.$4*%B, H'%$>$&"1* '%)*+".$/**, KB.%/*: '(+$.'6 * 63D*6$"4')&?, H' )($6.".*: 
) &($#*/*'..'A &"($H*"A )"H)*)$ * )"H&*-")%'+' 7'%$. 
 
 



79                                                                  M#$1".*" R.#'&'%)*.$ 6 %1*.*-")%'A H($%&*%" H(* H'4'O* CL-,. 
                                                                                                    9.&'."11* · @B4$+$11* · N(B> · =(*".>$ · T?:.&$ 

A(%$#7 
0))1"#'6$.*" EUPHAS - R&' H(')H"%&*6.'" 4.'+'/".&('6'" ($.#'4*>*('6$..'" 
%'.&('1*(B"4'" *))1"#'6$.*", %'&'('" H('6'#*1')? .$ <$>" #")2&* 
63)'%')H"/*$1*>*('6$..3; '&#"1".*A *.&".)*6.'A &"($H** (J0I) .$ &"((*&'(** 
0&$1**. C$/*".&3 ) &2D"134 )"H)*)'4 * )"H&*-")%*4 7'%'4, %'&'(3" ($."" H"(".")1* 
."'&1'D.'" ;*(B(+*-")%'" 64"7$&"1?)&6' H' H'6'#B 6.B&(*<(:7.'A *.K"%/**, <31* 6 
)1B-$A.'4 H'(2#%" ($)H("#"1".3 6 +(BHH3 &'1?%' )&$.#$(&.'A &"($H** *1* )&$.#$(&.'A 
&"($H** 6 )'-"&$.** ) #6B42 )"$.)$4* +"4'H"(KB>** ) CL-,. J#.*4 *> ').'6.3; 
%(*&"(*"6 '/".%* <31' B1B-7".*" H'%$>$&"1"A )("#."+' $(&"(*$1?.'+' #$61".*2 (9P)() * 
H'&("<.')&* 6 6$>'H("))'($; -"("> 72 -$)$ H')1" >$6"(7".*2 +"4'H"(KB>*'..'A &"($H**. 
, %$-")&6" H'%$>$&"1"A, '&($D$:O*; )')&'2.*" +"4'#*.$4*%*, *)H'1?>'6$1*)? 
*.'&('H.3A %'RKK*/*".& (%$% H'%$>$&"1? H'&("<1".*2 %$&";'1$4*.$ * #'H$4*.$) * 
%'RKK*/*".& >$6*)*4')&* '& 6$>'H("))'('6 (NQ,) (63($D".*" 6>$*4'>$6*)*4')&* #'>$-
'&%1*% 4"D#B 6$>'H("))'($4* * 9P)(). P12 '/".%* 61*2.*2 &"($H** .$ *);'# 
*)H'1?>'6$1*)? &$%*" %(*&"(**, %$% B6"1*-".*" PaO2/FiO2, B4".?7".*" 63($D"..')&* 
'(+$..'A #*)KB.%/** ()'+1$).' 7%$1" H')1"#'6$&"1?.'A '/".%* '(+$..'A 
."#')&$&'-.')&*; $.+1. Sequential Organ Failure Assessment, SOFA) -"("> 72 -$)$ H')1" 
>$6"(7".*2 +"4'H"(KB>**, * B1B-7".*" H'%$>$&"1"A 28-#."6.'A )4"(&.')&*. 
L.'+'K$%&'(.3A $.$1*> H'%$>$&"1"A )4"(&.')&* <31 63H'1.". ) H'4'O?: 
("+("))*'..'A 4'#"1* H('H'(/*'.$1?.'+' (*)%$ N'%)$ ) H'H($6%'A .$ *);'#.B: '/".%B 
H' 7%$1" SOFA. 

>(364@%1%7 
, *))1"#'6$.** H(*.21* B-$)&*" 64 H$/*".&$ (34 H$/*".&$ <31* 6%1:-".3 6 +(BHHB 
&"($H** CL-,, 30 H$/*".&'6 - 6 +(BHHB &($#*/*'..'A &"($H** )"H)*)$). C"(6'.$-$1?.', 
)BO")&6"..$2 ($>.*/$ 4"D#B #6B42 +(BHH$4* '&)B&)&6'6$1$. M H$/*".&'6 <31* 
*#".&*K*/*('6$.3 %$% +($4H'1'D*&"1?.3", &$% * +($4'&(*/$&"1?.3" 4*%(''(+$.*>43. 
M )"4* B-$)&.*%'6 4*%('<*'1'+*-")%*4* 4"&'#$4* <31* *#".&*K*/*('6$.3 #6$ * <'1"" 
'-$+$ *.K"%/**. P12 34% H'HB12/** *))1"#'6$.*2 H'#&6"(#*1)2 *.K"%/*'..3A H('/")) 
)4"7$..'A R&*'1'+**. 

J1;1/*/01$,6)1, D/)";"9,*1 
F$ 72 -$)B 6 +(BHH" &"($H** CL-, .$<1:#$1')? >.$-*&"1?.'" ).*D".*" B('6.2 9P)( * 
*.'&('H.'+' %'RKK*/*".&$, &'+#$ %$% 6 +(BHH" &($#*/*'..'A &"($H** H'#'<.3" 
*>4".".*2 '&)B&)&6'6$1* (&$<1*/$ 1). NQ, &$%D" )BO")&6"..' ).*>*1)2 6 +(BHH" CL-,, 
.' ." 6 +(BHH" H$/*".&'6, H'1B-$67*; &'1?%' )&$.#$(&.B: &"($H*: )"H)*)$. N('4" &'+', 
6 +(BHH" &"($H** CL-, <31' '&4"-".' H'+($.*-.'" >.$-*&"1?.'" B1B-7".*" 
)''&.'7".*2 PaO2/FiO2, &'+#$ %$% 6 +(BHH" &($#*/*'..'A &"($H** R&'& H'%$>$&"1? ." 
*>4".*1)2. 

<1H4*E1 1. @*>*'1'+*-")%*" H'%$>$&"1*, >$("+*)&(*('6$..3" *);'#.' (I0) * .$ 72 -$)B 
(I72). 

?A-J p C< p  T0 T72  T0 T72  
C$/*".&3, n 34 34  30 27$  
9P)( 
(44 (&. )&.) 

76 
(72-80) 

84 
(80-88) 0,001 74 

(70-78) 
77 

(72-82) 0,37 

0.'&('H.3A 
%'RKK*/*".& 

29,9 
(20,4-39,4) 

6,8 
(2,9-10,7) <0,001 28,6 

(16,6-40,7) 
22,4 

(9,3-35,5) 0,14 

NQ, 
(44 (&. )&.-1) 

4,3 
(2,7-5,9) 

0,9 
(0,3-1,5) <0,001 4,1 

(2,3-6,0) 
3,3 

(1,3-5,3) 0,26 

PaO2/FiO2 235 264 0,049 217 228 0,79 



80                                                                  M#$1".*" R.#'&'%)*.$ 6 %1*.*-")%'A H($%&*%" H(* H'4'O* CL-,. 
                                                                                                    9.&'."11* · @B4$+$11* · N(B> · =(*".>$ · T?:.&$ 

(206-265) (236-292) (188-247) (199-258) 
P"1?&$ SOFA 
(H'-%*)  

-0,3 
('& -0,7 
#' 0,1) 

  
0,6 

('& 0,1 
#' 1,1)* 

 

C'%$>$&"1* H("#)&$61".3 )("#.*4* >.$-".*24* (95% P0). 
* ( = 0,01. 
$ I(* H$/*".&$ B4"(1* #' *)&"-".*2 72 -$)'6. 
 

P"1?&$ '/".%* H' 7%$1" SOFA (($>.*/$ 4"D#B 4$%)*4$1?.'A * *);'#.'A '/".%'A H' 
7%$1" SOFA) B%$>36$1$ .$ )BO")&6"..'" B1B-7".*" KB.%/** '(+$.'6 6 +(BHH" &"($H** 
CL-, ((*). 1). F$ 72 -$)B 6 +(BHH" &"($H** CL-, .$<1:#$1')? <'1"" 63($D"..'" 
B4".?7".*" '<O"A '/".%* H' 7%$1" SOFA, $ &$%D" '/".%* KB.%/** )"(#"-.'-)')B#*)&'A 
)*)&"43 * H'-"% H' R&'A 7%$1", H' )($6.".*: ) +(BHH'A &($#*/*'..'A &"($H**. P"1?&$ 
'/".%* KB.%/** #3;$&"1?.'A )*)&"43 H' 7%$1" SOFA <31$ '#*.$%'6'A 6 '<"*; 
&"($H"6&*-")%*; +(BHH$;. 

 

>*'. 1. 0>4".".*2 #"1?&$ '/".%* H' 7%$1" SOFA (72 -$)$). J&(*/$&"1?.3" H'%$>$&"1* 
#"1?&$ '/".%* H' 7%$1" SOFA B%$>36$:& .$ B1B-7".*" KB.%/** '(+$.'6, $ 
H'1'D*&"1?.3" H'%$>$&"1* - .$ B;B#7".*" KB.%/** '(+$.'6. 
 
5/)";"9,*1 6=,.9%/691 
M('6".? 28-#."6.'A )4"(&.')&* #')&*+$1 32% (11/34) 6 +(BHH" &"($H** CL-, * 53% 
(16/30) 6 +(BHH" &($#*/*'..'A &"($H** ((*). 2). 8 H'H($6%'A .$ <$11?.B: '/".%B H' 
7%$1" SOFA, 6 +(BHH" &"($H** CL-, <31' >$("+*)&(*('6$.' 63($D"..'" ).*D".*" 28-
#."6.'A )4"(&.')&* (%'((*+*('6$..'" J!: 0,36, 95% P0: 0,16-0,80, ( = 0,012). , +(BHH" 
&($#*/*'..'A &"($H** )"H)*)$ B('6".? 6.B&(*<'1?.*-.'A )4"(&.')&* #')&*+$1 67% 
(20/30), $ 6 +(BHH" &"($H** CL-, - 41% (14/34). 8 H'H($6%'A .$ '/".%B H' 7%$1" SOFA, 6 
+(BHH" &"($H** CL-, .$<1:#$1')? )BO")&6"..'" ).*D".*" B('6.2 +')H*&$1?.'A 
)4"(&.')&* (%'((*+*('6$..'" J!: 0,43, 95% P0: 0,21-0,90, ( = 0,026). 

SOFA 
(0$-&*) 

SOFA 
(#7I1%(4@"1+ 
'*'%()1) 

SOFA 
('(:#(-"$-'$'6#*'%1+ 

'*'%()1) 

SOFA ?A-J 
C< 

Q
(4
@%
1 
$E
("
&*

 0
$ 
/
&1
4(

 S
O

FA
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>*'. 2. C'%$>$&"1* )4"(&.')&* 6 +(BHH" &"($H** CL-, * 6 +(BHH" &($#*/*'..'A &"($H**. 

 
GH'6D#("*( 
0))1"#'6$.*" EUPHAS - R&' H"(6'" *))1"#'6$.*", %'&'('" <31' 63H'1.".' 6 
63)'%')H"/*K*-.'A H'HB12/** <'1?.3; ) &2D"134 )"H)*)'4 * )"H&*-")%*4 7'%'4, 
')1'D.*67*4 &"-".*" $<#'4*.$1?.'+' )"H)*)$. ,)" B-$)&.*%* *))1"#'6$.*2 <31* 
H$/*".&$4* J0I. P$..'" *))1"#'6$.*" '&-"&1*6' H'#&6"(D#$"& (">B1?&$&3 
H("#7")&6B:O*; *))1"#'6$.*A, 63H'1."..3; 6 ($>.'('#.'A H'HB12/** H$/*".&'6 J0I. 
S&* (">B1?&$&3 '<)BD#$:&)2 6 4"&$-$.$1*>" Cruz * )'$6&. [5]. 

C(* )($6.".** ) %'.&('1?.'A +(BHH'A, +(BHH$ &"($H** CL-, ;$($%&"(*>B"&)2 
%'((*+*('6$..34 J! 0,36 * 0,43, )''&6"&)&6"..', #12 28-#."6.'A * 6.B&(*<'1?.*-.'A 
)4"(&.')&*. P"1?&$ '/".%* H' 7%$1" SOFA <31$ >.$-*&"1?.' 637" 6 +(BHH" &"($H** CL-
, ((*). 1), -&' )6*#"&"1?)&6B"& ' H'1'D*&"1?.'4 61*2.** .$ KB.%/*: '(+$.'6 [7, 8]. 

9.$1*> H'%$>$&"1"A #"1?&$ SOFA )6*#"&"1?)&6B"&, -&' B1B-7".*" KB.%/** '(+$.'6, 
>$("+*)&(*('6$..'" .$ K'." &"($H** CL-,, 6 ').'6.'4 %$)$1')? )"(#"-.'-)')B#*)&'A 
)*)&"43 * H'-"%. !')& B('6.2 $(&"(*$1?.'+' #$61".*2 * B4".?7".*" H'&("<.')&* 6 
6$>'H("))'($; &$%D" <31* H('#"4'.)&(*('6$.3 6 #(B+*; *))1"#'6$.*2; [9, 10]. 8'+1$).' 
(">B1?&$&$4 #$..'+' *))1"#'6$.*2, -"("> 72 -$)$ H')1" >$6"(7".*2 )"$.)$ +"4'H"(KB>** 
) CL-, 6 )''&6"&)&6B:O"A +(BHH" <'1?.3; <31' >$("+*)&(*('6$.' ).*D".*" #'>3 
6$>'H("))'('6 (' -"4 )6*#"&"1?)&6B"& *.'&('H.3A %'RKK*/*".&) H(* >.$-*&"1?.'4 (')&" 
B('6.2 )("#."+' $(&"(*$1?.'+' #$61".*2 (&$<1*/$ 1). 

8''&6"&)&6"..', NQ, )BO")&6"..' ).*>*1)2 6 +(BHH" &"($H** CL-,, &'+#$ %$% 6 +(BHH" 
&($#*/*'..'A &"($H** H'#'<.3" *>4".".*2 '&)B&)&6'6$1*. C'1B-"..3" #$..3" 
)'+1$)B:&)2 ) (">B1?&$&$4* H("#7")&6B:O"+' "6('H"A)%'+' H'*)%'6'+' *))1"#'6$.*2, 6 
($4%$; %'&'('+' Vincent * )'$6&. [11] H'%$>$1*, -&' B H$/*".&'6, H'1B-$67*; 
+"4'H"(KB>*'..B: &"($H*: ) CL-,, .$<1:#$1')? >.$-*&"1?.'" B6"1*-".*" )"(#"-.'+' 
*.#"%)$, *.#"%)$ ($<'&3 1"6'+' D"1B#'-%$ H(* '#.'%($&.'4 )'%($O".**, $ &$%D" *.#"%)$ 
'<Y"4.'A )%'(')&* #')&$6%* %*)1'('#$, H' )($6.".*: ) H("#)&$6*&"124* %'.&('1?.'A 
+(BHH3. 

J/".%$ H' 7%$1" SOFA, *><*($&"1?.' ;$($%&"(*>B:O$2 .$(B7".*2 KB.%/** H'-"%, -"("> 
72 -$)$ H')1" H('6"#".*2 )"$.)$ +"4'H"(KB>** <31$ <'1"" <1$+'H(*2&.'A 6 +(BHH" 
&"($H** CL-, ((*). 1), -&' +'6'(*& '< B4".?7".** 63($D"..')&* H'-"-.'A 
."#')&$&'-.')&* 6 R&'A +(BHH". C('/".& H$/*".&'6, H'1B-$67*; >$4")&*&"1?.B: 
H'-"-.B: &"($H*:, <31 '#*.$%'634 6 '<"*; +(BHH$;. C("#7")&6B:O*" *))1"#'6$.*2 
&$%D" )6*#"&"1?)&6B:& ' H'1'D*&"1?.'4 61*2.** +"4'H"(KB>*'..'A &"($H** ) CL-, .$ 
KB.%/*: H'-"% [12, 13]. 

?A-J 
C< 

J"6%:*H$4@"*-"1+ 
')(:%"$'%@ 

28-#"(8"1+ ')(:%"$'%@ 
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0))1"#'6$.*" EUPHAS H('6'#*1')? 6 '-".? '#.'('#.'A H'HB12/** &2D"1'<'1?.3; 
H$/*".&'6, B %'&'(3; <31' 6")?4$ 6"('2&.' 63)'%'" )'#"(D$.*" R.#'&'%)*.$ 6 %('6*, $ 
&$%D" <31$ 6'>4'D.$ RKK"%&*6.$2 ;*(B(+*-")%$2 1*%6*#$/*2 '-$+$ *.K"%/**. , '&1*-*" 
'& 637"BH'42.B&'+' "6('H"A)%'+' H'*)%'6'+' *))1"#'6$.*2 [11], *> *))1"#'6$.*2 
EUPHAS <31* *)%1:-".3 )1B-$* H1$.'6'+' $<#'4*.$1?.'+' ;*(B(+*-")%'+' 
64"7$&"1?)&6$. N('4" &'+', 6 #$..'4 *))1"#'6$.** B-$)&.*%* H'1B-$1* H' #6$ )"$.)$ 
+"4'H"(KB>** ) CL-, 64")&' '#.'+', H')%'1?%B *)H'1?>'6$.*" );"43 &"($H** ) #6B42 
)"$.)$4* <'1?7" )'+1$)B"&)2 ) '<7*(.34 'H3&'4 H(*4".".*2 %$(&(*#D$ ) 
*44'<*1*>*('6$..34 CL-, 6 ]H'.**. 

S%)&($H'1*('6$&? (">B1?&$&3 R&'+' *))1"#'6$.*2 .$ %1*.*-")%B: H'HB12/*: <'1?.3; 
)"H)*)'4 .BD.' ) ')&'('D.')&?:. F"'<;'#*4' ')'<' '&4"&*&?, -&' +"4'H"(KB>*'..$2 
&"($H*2 ) CL-, )H')'<)&6B"& ).*D".*: B('6.2 R.#'&'%)*.$ 6 %('6*, *, )1"#'6$&"1?.', 
R&'& 4"&'# 1"-".*2 )H')'<". 4'#B1*('6$&? H$&'1'+*-")%*A %$)%$# H(* )"H)*)", '#.$%' '. 
." '%$>36$"& ."H')("#)&6"..'+' 61*2.*2 .$ ').'6.B: H(*-*.B )"H)*)$, &' ")&? .$ 
*.K"%/*:. 81"#'6$&"1?.', +"4'H"(KB>*'..$2 &"($H*2 ) CL-, ." #'1D.$ )1BD*&? 
').'6.34 4"&'#'4 1"-".*2 &2D"1'+' )"H)*)$, .' "" 4'D.' *)H'1?>'6$&? 6 %$-")&6" 
#'H'1.".*2 % )6'"6("4"..'A * RKK"%&*6.'A $.&*<$%&"(*$1?.'A &"($H**, * #(B+*4 
K'(4$4 1"-".*2 R&'+' >$<'1"6$.*2. 
P12 H'#&6"(D#".*2 R&*; 4.'+''<"O$:O*; (">B1?&$&'6 ."'<;'#*4' H('6")&* 
#'H'1.*&"1?.3" %(BH.3" 4.'+'/".&('63" *))1"#'6$.*2 6 #(B+*; H'HB12/*2; H$/*".&'6. 
F'63" *))1"#'6$.*2 &$%D" H'4'+B& '/".*&? H(*4".*4')&? )'6("4"..3; )H')'<'6 '/".%* 
$%&*6.')&* R.#'&'%)*.$ %$% #12 '&<'($ H$/*".&'6, &$% * #12 'H("#"1".*2 'H&*4$1?.'+' 
%'1*-")&6$ )"$.)'6 +"4'H"(KB>**. 

0))1"#'6$.*" EUPHAS *4""& (2# '+($.*-".*A. ,'-H"(63;, H'HB12/*2 *))1"#'6$.*2 
-(">63-$A.' )H"/*K*-.$. =1$+'#$(2 R&'4B, *))1"#'6$.*" '<1$#$"& #')&$&'-.'A 
4'O.')&?:, .' .$%'H1".*" 4$&"(*$1$ H('&"%$1' #'6'1?.' 4"#1"..'. ,)"+' 64 H$/*".&$ 
<31* 6%1:-".3 6 H'HB12/*: *))1"#'6$.*2 6 H"(*'# ) #"%$<(2 2004 +'#$ H' #"%$<(? 2007 
+'#$. ,'-6&'(3;, B-*&36$2 ;$($%&"( *))1"#B"4'A &"($H**, '& 6($-"A ."6'>4'D.' <31' 
)%(3&? H(*.$#1"D.')&? H$/*".&'6 % &'A *1* *.'A +(BHH", ;'&2 1*/$, %'&'(3" 63H'1.21* 
$.$1*> #$..3;, ." '<1$#$1* H'#'<.'A *.K'(4$/*"A. ,-&("&?*;, *))1"#'6$.*" <31' 
H("%($O".' .$ ').'6$.** (">B1?&$&'6 H('4"DB&'-.'+' $.$1*>$, H')1" &'+' %$% 
H'#&6"(#*1')? )''&6"&)&6*" %(*&"(*24 H("%($O".*2 [14-16]. F")4'&(2 .$ &'& K$%&, -&' 
($>4"( 63<'(%* <31 B4"("..34, 43 H'1$+$"4, -&' H'1B-"..3" (">B1?&$&3 >$)1BD*6$:& 
6.*4$.*2 * )'+1$)B:&)2 ) (">B1?&$&$4* 4"&$-$.$1*>$, 63H'1."..'+' #12 ($>.'('#.'A 
H'HB12/** <'1?.3; [5]. 

N$% H($6*1', ."<'1?7*" *))1"#'6$.*2 ;$($%&"(*>B:&)2 &".#"./*"A % H"("'/".%" 
*)&*..'A 63($D"..')&* %1*.*-")%'+' RKK"%&$, '#.$%' 6 .$7"4 *))1"#'6$.** H'1">.3A 
RKK"%& +"4'H"(KB>*'..'A &"($H** ) CL-, *4"1 '&-"&1*6'" <*'1'+*-")%'" 
H'#&6"(D#".*". L3 H'1$+$"4, -&' '&.')*&"1?.'" ).*D".*" 28-#."6.'A )4"(&.')&* .$ 
20%, ' -"4 )6*#"&"1?)&6B"& 63)7"" >.$-".*" 95% P0, 2612"&)2 %1*.*-")%* >.$-*434, 
B-*&36$2 63)'%*A B('6".? )4"(&.')&* <'1?.3; )"H)*)'4. N('4" &'+', 43 H'.*4$"4, -&' 
R&' *))1"#'6$.*" ." 4'D"& H("#')&$6*&? '%'.-$&"1?.3" )6"#".*2 '< RKK"%&$; 
H('#'1D*&"1?.')&* * %'1*-")&6$ )"$.)'6 +"4'H"(KB>*'..'A &"($H** ) CL-,. 0 .$%'."/, 
%$% BH'4*.$1')? 637", 43 *>B-*1* RKK"%&3 +"4'H"(KB>*'..'A &"($H** ) CL-, 6 
H'HB12/** <'1?.3; $<#'4*.$1?.34 )"H)*)'4, B %'&'(3; <31$ 6'>4'D.$ RKK"%&*6.$2 
;*(B(+*-")%$2 1*%6*#$/*2 '-$+$ *.K"%/**. 
I$%*4 '<($>'4, #$..'" H("#6$(*&"1?.'" ($.#'4*>*('6$..'" %'.&('1*(B"4'" 
*))1"#'6$.*" H'%$>$1', -&' +"4'H"(KB>*'..$2 &"($H*2 ) CL-,, #'H'1.2:O$2 
&($#*/*'..3" 4"&'#3 1"-".*2, '%$>36$1$ )BO")&6"..'" H'1'D*&"1?.'" 61*2.*" .$ 
H'%$>$&"1* 28-#."6.'A * 6.B&(*<'1?.*-.'A )4"(&.')&*, .$ B('6".? $(&"(*$1?.'+' 
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#$61".*2, H'&("<.')&? 6 6$>'H("))'($;, $ &$%D" .$ 63($D"..')&? '(+$..'A 
."#')&$&'-.')&* 6 /"1"6'A H'HB12/** <'1?.3; ) &2D"134 )"H)*)'4 * )"H&*-")%*4 
7'%'4, '<B)1'61"..34 6.B&(*<(:7.'A *.K"%/*"A. 

F"D"1$&"1?.3" 261".*2, )62>$..3" ) +"4'H"(KB>*'..'A &"($H*"A ) CL-,, <31* 
63($D".3 6 4*.*4$1?.'A )&"H".*. J.* )''&6"&)&6'6$1* ."D"1$&"1?.34 261".*24, 
%'&'(3" 'D*#$:&)2 H(* 1:<3; 4"&'#$; R%)&($%'(H'($1?.'A &"($H** 6 B)1'6*2; J0I. 
!">B1?&$&3 .$7"+' *))1"#'6$.*2 )'+1$)B:&)2 ) (">B1?&$&$4* #(B+*; *))1"#'6$.*A, 
63H'1."..3; 6 ($>.'('#.3; H'HB12/*2; <'1?.3;. S&* *))1"#'6$.*2 'H*)$.3 6 ."#$6.' 
'HB<1*%'6$..'4 4"&$-$.$1*>". 8H($6"#1*6' >$4"&*&?, -&' .")%'1?%' )H"/*$1*)&'6 
4*('6'+' 4$)7&$<$ 6 '<1$)&* )"H)*)$ '<)B#*1* *))1"#'6$.*" EUPHAS [17-20] * B%$>$1* 
.$ "+' '+($.*-".*2. 96&'(3 H(*.21* )''&6"&)&6B:O*" %(*&*-")%*" >$4"-$.*2, .' 
$%/".&*('6$1* 6.*4$.*" .$ &'4, -&' 6 ($4%$; *))1"#'6$.*2 EUPHAS *>B-$1$)? 
H'HB12/*2, %'&'($2 <31$ )K'(4*('6$.$ )H"/*$1?.' #12 &'+', -&'<3 4$%)*4$1?.' 
B6"1*-*&? )''&.'7".*" H'1">.'A *.K'(4$/** % .")BO")&6"..34 )6"#".*24 [21]. L3 
B<"D#".3 6 &'4, -&' *))1"#'6$.*" EUPHAS #'H'1.*1' '<O"" H("#)&$61".*" ' 1"-".** 
)"H)*)$ ."4.'+'-*)1"..34*, .' 6$D.34* )6"#".*24*. F$ 63H'1.".*" R&'A ($<'&3 .$) 
6#';.'6*1$ *#"2, 63)%$>$..$2 T*HH'%($&'4 6 400 +'#B #' .$7"A R(3: "E"-*&? .BD.' 
<'1?.'+', $ ." <'1">.?". 
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E$(+' 9. T"4"11*, 8 
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K#14("*( ,"#$%$&'*"1 0:* '(0%*-('&$) /$&( 8 &4*"*-('&*I 6'4$8*+I 
=*<1*'+($K*-")%$2 ))31%$: Ronco C, Piccinni P, Rosner MH (eds): Endotoxemia and 
Endotoxin Shock: Disease, Diagnosis and Therapy. Contrib Nephrol. Basel, Karger, 2010, vol 
167, pp 91-101 
 

>1""(( 4(-("*( ,"#$%$&'()** ' *'0$4@3$81"*() %('%1 "1 
1&%*8"$'%@ ,"#$%$&'*"1 * 2()$0(:963** ' 
0$4*)*&'*"$) J 
T. F'6"11*$ · T. @"(("&&*< · @. !B<"(&'6 · ,. L'($<*&'$ · @. CB+1*">"6 
$ Dipartimento 'P. Stefanini' Chirurgia Generale e Trapianti d'Organo 
< Dipartimento di Malattie Infettive e Tropicali 
6 Dipartimento di Scienza Anestesiologiche, Medicina Critica e del Dolore, La Sapienza Università di Roma, +. !*4, 
0&$1*2 
 

>(9(:1% 
GHF*( '8(#("*+. L3 'H("#"1*1* 6'>4'D.')&? *)H'1?>'6$.*2 &")&$ .$ $%&*6.')&? 
R.#'&'%)*.$ (9S) #12 '/".%* ."'<;'#*4')&* ($.."+' H(*4".".*2 +"4'H"(KB>** ) 
H'1*4*%)*.'4 , (CL-,) ) /"1?: 1"-".*2 R.#'&'%)"4** B <'1?.3; )"H)*)'4. A(%$#7. , 
*))1"#'6$.** H(*.21* B-$)&*" 24 H$/*".&$. M '#*..$#/$&* H$/*".&'6 <31 '<.$(BD". 
63)'%*A B('6".? 9S (>0,6). J.* H'1B-$1* )"$.)3 +"4'H"(KB>** ) CL-, %$D#3" 24 -$)$ 
6H1'&? #' ).*D".*2 B('6.2 9S (<0,4). M ')&$1?.3; 13 H$/*".&'6 B('6".? 9S <31 .*>%*4 
(<0,6), * '.* H'1B-$1* &'1?%' &($#*/*'..B: &"($H*: )"H)*)$. >(364@%1%7. P6$ )"$.)$ 
+"4'H"(KB>** ) CL-, H'1B-*1* -"&3(" H$/*".&$, &(* )"$.)$ - 6 H$/*".&'6, $ -"&3(" 
)"$.)$ - '#*. H$/*".&. F$ K'." H('6'#*4'A &"($H** .$<1:#$1')? B6"1*-".*" B('6.2 
)("#."+' $(&"(*$1?.'+' #$61".*2 ('& 69,45 #' 84,09 44 (&. )&.; ( < 0,01), B4".?7".*" 
-$)&'&3 )"(#"-.3; )'%($O".*A ('& 111,73 #' 77,91 B#$($ 6 4*.B&B; ( < 0,01), B4".?7".*" 
%'1*-")&6$ 1"A%'/*&'6 ('& 18380 #' 9550 %1"&'%/443; ( < 0,01), B4".?7".*" H('/".&.'+' 
)'#"(D$.*2 H'1*4'(K.'2#"(.3; 1"A%'/*&'6 ('& 88,45 #' 67,82%; ( < 0,01), $ &$%D" 
B6"1*-".*" )''&.'7".*2 !$J2/FiO2 ('& 275 #' 308,09; ( < 0,01). ,)" 24 B-$)&.*%$ <31* 
D*63 .$ 4'4".& %'.&('1?.'+' '<)1"#'6$.*2, 63H'1."..'+' .$ 24 #".?. J78$#. I")& .$ 
$%&*6.')&? R.#'&'%)*.$ H'>6'12"& *#".&*K*/*('6$&? H$/*".&'6, %'&'(34 H'%$>$.$ 
+"4'H"(KB>*2 ) CL-,, * 'H("#"1*&? ."'<;'#*4')&? #$1?."A7"+' 1"-".*2. 

96&'()%*" H($6$ © (2010 +'#) H(*.$#1"D$& S. Karger AG, +. =$>"1? 

 
C$&'+"."> )"H)*)$ '<B)1'61". )*.#('4'4 )*)&"4.'+' 6')H$1*&"1?.'+' '&6"&$ (88,J), 
%'&'(3A H("#H'1$+$"& .$1*-*" .$(B7".*A +"4'#*.$4*%*, KB.%/** #3;$.*2 * '<4".$ 
6"O")&6, .$(2#B ) *44B.'1'+*-")%*4* ($))&('A)&6$4*. 88,J 7*('%' ($)H(')&($.". 
)("#* <'1?.3; ;*(B(+*-")%'+' H('K*12 * H$/*".&'6 *> '&#"1".*A *.&".)*6.'A &"($H** 
(J0I). , '#.'A &("&* )1B-$"6 88,J H"(";'#*& 6 )"H)*), %'&'(3A B 50% <'1?.3; 
H('&"%$"& 6 &2D"1'A K'(4". N('4" &'+', 6 25% )1B-$"6 &2D"13A )"H)*) ')1'D.2"&)2 
7'%'4 [1]. C('+.'> &$%*; H$/*".&'6 >$6*)*& '& ;$($%&"($ )'HB&)&6B:O"A H$&'1'+** * '& 
63($D"..')&* 6')H$1*&"1?.'+' '&6"&$, %'&'(3A 4'D"& ')1'D.*&?)2 7'%'4, $ &$%D" 
#*)KB.%/*"A *1* ."#')&$&'-.')&?: ($>1*-.3; '(+$.'6. 8B#2 H' 6)"4B, *.&"(6$1 6("4".*, 
'H("#"12:O*A H('+("))*('6$.*" 88,J ) ($>6*&*"4 )"H)*)$, &2D"1'+' )"H)*)$ * 
)"H&*-")%'+' 7'%$, '<($&.' %'(("1*(B"& ) -*)1'4 %(*&"(*"6 88,J, %'&'(34 
B#'61"&6'(2"& )''&6"&)&6B:O*A H$/*".& [2]. 8 #(B+'A )&'('.3, H')%'1?%B &2D")&? 
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>$<'1"6$.*2 ;$($%&"(*>B"&)2 H')&"H"..34 H"(";'#'4 '& 88,J % )"H)*)B, &2D"1'4B 
)"H)*)B * )"H&*-")%'4B 7'%B, B('6".? 28-#."6.'A )4"(&.')&* &$%D" 6'>($)&$"& '& 10 #' 
60%. F$1*-*" *1* '&)B&)&6*" *.K"%/** ." '%$>36$"& 61*2.*2 .$ *);'#, -"+' ." )%$D"7? 
'< *)&'-.*%" *.K"%/** [1]. 
0);'# <'1">.* &$%D" >$6*)*& '& <3)&('&3 * H($6*1?.')&* H')&$.'6%* #*$+.'>$ * 
.$>.$-".*2 &"($H** 6 H"(63" -$)3 H')1" ($>6*&*2 )*.#('4$. F"H')("#)&6"..' H')1" 
#*$+.')&*('6$.*2 )"H)*)$ ."'<;'#*4' .$-$&? RKK"%&*6.B: %'(("%/*: 6'#.'+' <$1$.)$ * 
.$>.$-*&? )''&6"&)&6B:OB: $.&*<$%&"(*$1?.B: &"($H*:. C"(6'.$-$1?.$2 
$.&*<$%&"(*$1?.$2 &"($H*2 >$-$)&B: %'(("%&*(B"&)2 .$ ').'6$.** (">B1?&$&'6 
<$%&"(*'1'+*-")%'+' *))1"#'6$.*2 * %1*.*-")%*; #$..3;. ='1"" &'+', <$%&"(*$1?.3" 
&'%)*.3 &$%D" *+($:& %1:-"6B: ('1? 6 ($>6*&** 88,J, H')%'1?%B '.* )H')'<.3 
B6"1*-*6$&? H('.*/$"4')&? %$H*112('6 * $%&*6*('6$&? ."A&('K*13, *.#B/*(B:O*" 
&%$."6'" H'6("D#".*". 0>6")&.', -&' ."%'&'(3" %'4H'.".&3 <$%&"(*$1?.3; %1"&'%, &$%*" 
%$% R.#'&'%)*. (1*H'H'1*)$;$(*#, EC8), H"H&*#'+1*%$., H"H&*#'+1*%$.-
$))'/**('6$..3A 1*H'H('&"*., 1*H'&"A;'"6$2 %*)1'&$ * #(B+*" 4"4<($..3" <"1%*, 
4'+B& $%&*6*('6$&? 6')H$1*&"1?.3" %$)%$#3 H')("#)&6'4 &'11-H'#'<.3; ("/"H&'('6, 
($)H'1'D"..3; .$ H'6"(;.')&* *44B.'%'4H"&".&.3; %1"&'%, .$H(*4"(, 4$%('K$+'6, 
#".#(*&.3; %1"&'% *1* ."A&('K*1'6 [3]. 
!">B1?&$&3 .")%'1?%*; *))1"#'6$.*A 'H*)36$:& RKK"%&3 R.#'&'%)*.$ %$% %1:-"6'+' 
K$%&'($, 'H("#"12:O"+' *);'# )"H)*)$. , -$)&.')&*, #12 H$/*".&'6 ) R.#'&'%)"4*"A, 
H'#&6"(D#"..'A .$ 4'4".& H')&BH1".*2 6 J0I, ;$($%&"(.$ <ó1?7$2 &2D")&? >$<'1"6$.*2 
* 4".?7$2 63D*6$"4')&? H' )($6.".*: ) H$/*".&$4* <"> R.#'&'%)"4** [4-6]. 
J).'6.'A >$#$-"A .$7"+' *))1"#'6$.*2 <31$ ($..22 #*$+.')&*%$ %(*&*-")%'A 
R.#'&'%)"4** B H$/*".&'6, %'&'(3" H"(".")1* ;*(B(+*-")%'" 64"7$&"1?)&6' .$ '(+$.$; 
<(:7.'A H'1')&* * B#'61"&6'(21* #6B4 *1* <'1"" %(*&"(*24 88,J. , (">B1?&$&" <31$ 
*#".&*K*/*('6$.$ )B<H'HB12/*2 ) 63)'%*4 (*)%'4 H('+("))*('6$.*2 )"H&*-")%'+' 
%$)%$#$. 

F"#$6.' <31 ($>($<'&$. .'63A 4"&'#, H'>6'12:O*A <3)&(' 'H("#"1*&? $%&*6.')&? 
R.#'&'%)*.$ (9S) 6 /"1?.'A %('6*. 0))1"#'6$.*2, 6 ($4%$; %'&'(3; H(*4".21)2 R&'& 
.'63A 4"&'#, )6*#"&"1?)&6B:& ' &'4, -&' B('6".? 9S 6 >.$-*&"1?.'A 4"(" %'(("1*('6$1 ) 
&2D")&?: >$<'1"6$.*2 B H$/*".&'6 J0I, $ &$%D" H'>6'1*1 'H("#"1*&? (*)% ($>6*&*2 
&2D"1'+' )"H)*)$ * )"H&*-")%'+' 7'%$. C("#'H("#"1"..3A H("#"1?.3A B('6".? 9S 
)''&6"&)&6B"& 0,60 "#*.*/$4. 8 R&*4 B('6."4 )62>$. H'637"..3A (*)% ."<1$+'H(*2&.3; 
*);'#'6 [7]. 
Q.$-".*" R.#'&'%)"4** H'#&6"(D#".' 4.'+'-*)1"..34* *))1"#'6$.*24*, 63H'1."..34* 
.$ &"((*&'(** ]H'.**, $ &$%D" ."#$6.' 'HB<1*%'6$..34* (">B1?&$&$4* 4.'+'/".&('6'+' 
($.#'4*>*('6$..'+' %'.&('1*(B"4'+' *))1"#'6$.*2 EUPHAS, %'&'('" H('6'#*1')? 6 
0&$1**. , ($4%$; R&*; *))1"#'6$.*A '/".*6$1$)? RKK"%&*6.')&? +"4'H"(KB>** ) 
H'1*4*%)*.'4 , (CL-,) H(* &2D"1'4 )"H)*)" * )"H&*-")%'4 7'%". I$%$2 &"($H*2 
.$>.$-$1$)? H("*4BO")&6"..' H$/*".&$4 ) H'#'>("6$"4'A +($4'&(*/$&"1?.'A *.K"%/*"A 
*1* R.#'&'%)"4*"A (>$H'#'>("..'A .$ ').'6$.** 6.B&(*<(:7.'+' *)&'-.*%$). 
JHB<1*%'6$..3" (">B1?&$&3 )6*#"&"1?)&6B:&, -&' RKK"%&*6.'" B#$1".*" R.#'&'%)*.$ 
'%$>36$"& )BO")&6"..'" 61*2.*" .$ +"4'#*.$4*%B, '%)*+".$/*:, KB.%/*: H'-"% * 
63D*6$"4')&? [8-11]. I$%*4 '<($>'4, %1*.*-")%*A 'H3& H'#&6"(D#$"& +*H'&">B, )'+1$).' 
%'&'('A B#$1".*" R.#'&'%)*.$ H("#BH("D#$"& H('+("))*('6$.*" )"H)*)$ ) ($>6*&*"4 
)"H&*-")%'+' 7'%$, H'1*'(+$..'A ."#')&$&'-.')&* * )4"(&*. 
81"#'6$&"1?.', %$% H'#)%$>36$:& ."#$6.*" *))1"#'6$.*2, *)H'1?>'6$.*" )H"/*$1?.3; 
#*$+.')&*-")%*; 4"&'#'6 #'1D.' '<")H"-*&? )6'"6("4"..B: *#".&*K*%$/*: H$/*".&'6 
) %1*.*-")%* >.$-*4'A R.#'&'%)"4*"A, $ &$%D" H("#')&$6*&? H'1">.B: *.K'(4$/*:, 
)H')'<)&6B:OB: 'H&*4*>$/** /"1".$H($61"..3; &"($H"6&*-")%*; 64"7$&"1?)&6. 
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P'H'1.*&"1?.$2 >$#$-$ .$7"+' *))1"#'6$.*2 >$%1:-$1$)? 6 '/".%" )H')'<.')&* &")&$ .$ 
9S RKK"%&*6.' *)H'1?>'6$&? )"1"%&*6.'" B#$1".*" R.#'&'%)*.$ B H$/*".&'6 *> +(BHH3 
63)'%'+' (*)%$, H("#BH("D#$2 H('+("))*('6$.*" <*'1'+*-")%'+' %$)%$#$ H(* )"H)*)". 

A1%(:*147 * )(%$#7 
K9?/. D"H1,%9/( 
, R&'4 *))1"#'6$.** H(*.21* B-$)&*" H$/*".&3 ) H'#&6"(D#"..34 )"H)*)'4, %'&'(3" 
H"(".")1* ;*(B(+*-")%'" 64"7$&"1?)&6'. @'(4*('6$.*" H'HB12/** ')BO")&6121')? ) 
$H("12 2008 +'#$ H' $H("1? 2009 +'#$. N(*&"(*24* 6%1:-".*2 )1BD*1* )1"#B:O*" 
H'%$>$&"1*, >$("+*)&(*('6$..3" 6 &"-".*" H("#7")&6B:O*; 24 -$)'6: #6$ *1* <'1"" 
H(*>.$%$ 88,J, 6%1:-$2 1*;'($#%B *1* +*H'&"(4*: (&"4H"($&B($ &"1$ >38 *1* <36'8, 
)''&6"&)&6"..'), &$;*%$(#*2 (>90 B#$('6 6 4*.B&B), &$;*H.'R (>20 #3;$&"1?.3; 
#6*D".*A 6 4*.B&B), H$(/*$1?.'" #$61".*" B+1"%*)1'&3 6 $(&"(*$1?.'A %('6* <32 44 (&. 
)&., %'1*-")&6' 1"A%'/*&'6 >12,0 ; 109/1 *1* <4,0 ; 109/1, *1* <'1"" 10% .">("13; K'(4 
."A&('K*1'6. N('4" &'+', 63H'1.21$)? '/".%$ 63($D"..')&* '(+$..'A #*)KB.%/** [12, 
13]. ,)" B-$)&.*%* *))1"#'6$.*2 H'1B-$1* )&$.#$(&.'" *.&".)*6.'" 1"-".*", 6%1:-$2 
%'(("%/*: 6'#.'+' <$1$.)$ * $.&*<$%&"(*$1?.B: &"($H*:. 
L,69 %" ")91(%/697 I%+/9/)61%" 
JH("#"1".*" 9S 6 /"1?.'A %('6* 63H'1.21')? H' );"4", 'H*)$..'A Romaschin * )'$6&. 
[14]. P12 R&'+' *)H'1?>'6$1)2 ;"4*1:4*.")/".&.3A 4"&'# (%'(H'($/*2 8H"%&($1 
P*$+.')&*%), +. I'('.&', J.&$(*', N$.$#$). 8'+1$).' ("%'4".#$/*24 H('*>6'#*&"12, 
$%&*6.')&? R.#'&'%)*.$ 4'D.' %1$))*K*/*('6$&? %$% .*>%B: (<0,4), B4"("..B: ('& 0,4 
#' <0,6) * 63)'%B: (>0,6). 
9S '/".*6$1$)? 6 &"-".*" 24 -$)'6 H')1" H'261".*2 )*4H&'4'6 )"H)*)$ (I0). C(* 9S >0,6 
(I0 f I19) H$/*".&B .$>.$-$1* $.&*R.#'&'%)*.'6B: &"($H*: (+"4'H"(KB>*2 ) CL-,). 
W)1* B('6".? S9 <31 <0,60, &' -"("> 24 -$)$ 63H'1.21')? %'.&('1?.'" &")&*('6$.*". 
W)1* (">B1?&$& H'6&'(.'+' &")&*('6$.*2 H'-H("D."4B <31 .*D" H'('+'6'+' >.$-".*2, 
H$/*".&B .$>.$-$1$)? &'1?%' &($#*/*'..$2 &"($H*2 )"H)*)$. 

:,=/D,.-#;1C 6 58-> 
T"4'H"(KB>*2 ) CL-, 63H'1.21$)? H(* H'4'O* %'1'.%* ) H'1*)&*('1'634* 6'1'%.$4*, 
.$ %'&'(3; <31 %'6$1".&.' K*%)*('6$. CL-, [15-17]. 8')B#*)&3A #')&BH '<")H"-*6$1)2 
B)&$.'6%'A #6B;H(')6"&.3; 6".'>.3; %$&"&"('6. N$D#3A )"$.) &"($H** H('#'1D$1)2 2 
-$)$ H(* )%'(')&* H'&'%$ 100 41/4*.. 
W)1* B('6".? 9S ')&$6$1)2 H'637"..34 * B H$/*".&'6 )';($.21*)? )*4H&'43 88,J, 
+"4'H"(KB>*2 ) CL-, 63H'1.21$)? %$D#3" 24 -$)$. T"4'H"(KB>*'..B: &"($H*: 
H("%($O$1* H(* #')&*D".** B('6.2 9S <0,4. M('6".? 9S *>4"(21)2 -"("> 1 -$) H')1" 
%$D#'A +"4'H"(KB>** #12 'H("#"1".*2 RKK"%&$ &"($H**, $ &$%D" ."H')("#)&6"..' H"("# 
.$-$1'4 %$D#'+' H')1"#B:O"+' )"$.)$ +"4'H"(KB>*'..'A &"($H**. 

M-$)&.*%* *))1"#'6$.*2 H'1B-$1* $.&*%'$+B12.&.B: &"($H*:, %'&'($2 .$>.$-$1$)? 
1"-$O*4 6($-'4 6 >$6*)*4')&* '& H'%$>$&"1"A )6"(&36$:O"A )*)&"43 %('6* (%'1*-")&6' 
&('4<'/*&'6, H('&('4<*.'6'" 6("42 [CI,]). 
3*1%1$,6)1, D/)";"9,*1 
N1*.*-")%*" #$..3" ("+*)&(*('6$1*)? .$ )1"#B:O*; 6("4"..3; '&4"&%$;: I0 
(6%1:-".*" 6 *))1"#'6$.*" - I19), I1, (H')1" H"(6'+' )"$.)$ &"($H**), I29 (H"("# 
6&'(34 )"$.)'4 &"($H**), I2, (H')1" 6&'('+' )"$.)$ &"($H**), I39 (H"("# &("&?*4 
)"$.)'4 &"($H**), I3, (H')1" &("&?"+' )"$.)$ &"($H**), I49 (H"("# -"&6"(&34 )"$.)'4 
&"($H**) * I4, (H')1" -"&6"(&'+' )"$.)$ &"($H**). 
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F$ %$D#'A 6("4"..'A '&4"&%" H('*>6'#*1$)? ("+*)&($/*2 )1"#B:O*; %1*.*-")%*; 
H'%$>$&"1"A: &"4H"($&B($ &"1$, B('6".? )("#."+' $(&"(*$1?.'+' #$61".*2 (44 (&. )&.), 
-$)&'&$ )"(#"-.3; )'%($O".*A (B#$(3 6 4*.B&B), )''&.'7".*" PaO2/FiO2, %'1*-")&6' 
1"A%'/*&'6 6 %('6* (%1"&%*/443), H('/".& ."A&('K*1'6 6 1"A%'K'(4B1" * #*B("> 
(41/)B&%*). P12 )($6.".*2 *)H'1?>'6$1*)? %1*.*-")%*" H$($4"&(3, >$("+*)&(*('6$..3" 
.$ 4'4".& 6%1:-".*2 6 *))1"#'6$.*" (($)H("#"1".*" 6 &"($H"6&*-")%*" +(BHH3) * H')1" 
>$%1:-*&"1?.'+' )"$.)$ +"4'H"(KB>** ) CL-,. P12 #*$+.')&*%* *.K"%/*'..'+' 
H('/"))$ *)H'1?>'6$1*)? 4*%('<*'1'+*-")%*" #$..3". L*%('<*'1'+*-")%*A %'.&('1? 
63H'1.21)2 '& 4'4".&$ 6%1:-".*2 6 *))1"#'6$.*" * H('#'1D$1)2 72 -$)$. 

B9"91691$,6)1' "%"*1; 
P$..3" H("#)&$61".3 )("#.*4* >.$-".*24* ()&$.#$(&.'" '&%1'.".*") .'(4$1?.' 
($)H("#"1"..3; H"("4"..3;, *1* 4"#*$.$4* (#*$H$>'.) .".'(4$1?.' ($)H("#"1"..3; 
H"("4"..3;. ,)" #$..3" <31* '<($<'&$.3 ) *)H'1?>'6$.*"4 >.$%'6'-($.+'6'+' &")&$ 
,*1%'%)'.$ #12 H$(.3; .$<1:#".*A. 8&$&*)&*-")%'A >.$-*4')&* )''&6"&)&6'6$1 ( < 0,01. 
>(364@%1%7 
I")& .$ 9S <31 63H'1.". #12 24 H(''H"(*('6$..3; H$/*".&'6 ) %1*.*-")%*4* 
H('261".*24* )"H)*)$ (&$<1*/$ 1). T"4'H"(KB>*'..$2 &"($H*2 ) CL-, H('6'#*1$)? H(* 
63)'%'4 B('6." 9S (>0,60 "#*.*/). 
<1H4*E1 1. 0);'#.3" #$..3" H$/*".&'6, #12 %'&'(3; 63H'1.21$)? '/".%$ 9S. 

,'>($)& 57,8 +'#$ (#*$H$>'. '& 40 #' 70 1"&) 
C'1 (4BD-*.3/D".O*.3) 10/14 

F'6''<($>'6$.*2 D".)%*; H'1'63; '(+$.'6 (3) 
!$)7*("..'" ;*(B(+*-")%'" 64"7$&"1?)&6' .$ 
'(+$.$; <(:7.'A H'1')&* (10) 
I($.)H1$.&$/*2 H"-".* (7) 
I($.)H1$.&$/*2 H'-%* (3) 

C(*-*.$ ;*(B(+*-")%'+' 
64"7$&"1?)&6$ 

I($.)H1$.&$/*2 1"+%'+' (1) 
 

M 14 H$/*".&'6 (58%) H(* H"(6'.$-$1?.'4 '<)1"#'6$.** <31 >$("+*)&(*('6$. .*>%*A 
*1* B4"("..3A B('6".? 9S (4"#*$.$ = 0,32 H(* #*$H$>'." '& 0,16 #' 0,53). 8HB)&2 24 -$)$ 
R&'& B('6".? )BO")&6"..' ." *>4".*1)2. 0)%1:-".*" )')&$612"& '#*. H$/*".&. M R&'+' 
H$/*".&$ -"("> 24 -$)$ 9S )')&$6*1$ 0,62 * '. <31 H"("6"#". 6 &"($H"6&*-")%B: +(BHHB. 
8'+1$).' (">B1?&$&$4 4*%('<*'1'+*-")%'+' *))1"#'6$.*2, B 7 *> 13 H$/*".&'6 ) .*>%*4 
*1* B4"("..34 B('6."4 9S <31$ H'#&6"(D#".$ +($4H'1'D*&"1?.$2 *.K"%/*2. , 
')&$1?.3; 7")&* )1B-$2; 6'><B#*&"124* *.K"%/** <31* +(*<3. 
P12 #")2&* H$/*".&'6 (42%) H(* H"(6'4 *))1"#'6$.** H'#&6"(#*1)2 63)'%*A B('6".? 9S 
(4"#*$.$ = 0,74 H(* #*$H$>'." '& 0,62 #' 1,25). , '<O"A )1'D.')&*, 6 +(BHHB 
+"4'H"(KB>*'..'A &"($H** ) CL-, <31* 6%1:-".3 11 H$/*".&'6. , &$<1*/" 2 
H("#)&$61".$ %($&%$2 %1*.*-")%$2 ;$($%&"(*)&*%$ R&*; H$/*".&'6. F* B '#.'+' *> .*; ." 
<31' H(*>.$%'6 )"H&*-")%'+' 7'%$ * H'##"(D%$ KB.%/** 6."7."+' #3;$.*2 #')&*+$1$)? 
."*.6$>*6.34* 4"&'#$4*. 
<1H4*E1 2. U$($%&"(*)&*%$ H$/*".&'6, H'1B-$67*; $.&*R.#'&'%)*.'6B: &"($H*:. 

F'6''<($>'6$.*2 D".)%*; H'1'63; '(+$.'6 (2) 
!$)7*("..'" ;*(B(+*-")%'" 64"7$&"1?)&6' .$ 
'(+$.$; <(:7.'A H'1')&* (4) 
I($.)H1$.&$/*2 H"-".* (3) 

C(*-*.$ ;*(B(+*-")%'+' 
64"7$&"1?)&6$ 

I($.)H1$.&$/*2 H'-%* (2) 
I"4H"($&B($ &"1$ ('C) 39,3 ± 0,3 
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M('6".? )("#."+' $(&"(*$1?.'+' 
#$61".*2 (44 (&. )&.) 

69,45 ± 1,86 

_$)&'&$ )"(#"-.3; )'%($O".*A 
(B#$(3/4*.) 

111,73 ± 13,08 

PaO2/FiO2 275 ± 12,04 
E"A%'/*&3 (%1"&%*/443) 18380 ± 2510 
F"A&('K*13 (%) 88,45 ± 3,72 
I('4<'/*&3 (%1"&%*/443) 208,45 ± 48,47 
LFJ 0,79 ± 0,19 

Pseudomonas aeruginosa (2) 
Klebsiella pneumoniae (1) 
Enterobacter (2) 
Escherichia coli (4) 
Klebsiella oxytoca (1) 

,'><B#*&"1* *.K"%/** 

Proteus mirabilis (1) 
LFJ - 4"D#B.$('#.'" .'(4$1*>'6$..'" '&.'7".*". 
 

C' #6$ )"$.)$ +"4'H"(KB>** ) CL-, H'1B-*1* 4 H$/*".&$ (4"#*$.$ 9S = 0,64 H(* 
#*$H$>'." '& 0,62 #' 0,73), H' &(* )"$.)$ - 6 H$/*".&'6 (4"#*$.$ 9S = 0,85 H(* #*$H$>'." 
'& 0,74 #' 0,95), * -"&3(" )"$.)$ H'1B-*1 '#*. H$/*".& (9S = 1,25). M('6".? 9S 
H')1"#."+' H$/*".&$ )''&6"&)&6'6$1 6"(;."A +($.*/" 'H("#"1".*2 &")&$ 9S. C(* 
H('6"#".** 28 )"$.)'6 +"4'H"(KB>*'..'A &"($H** ." <31' '<.$(BD".' .* '#.'+' 
."D"1$&"1?.'+' 261".*2. 

P*.$4*%$ B('6.2 9S, >$("+*)&(*('6$..$2 6 ($4%$; %$D#'+' %B()$ &"($H**, H("#)&$61".$ 
.$ (*)B.%" 1. , %'./" %B()$ $.&*R.#'&'%)*.'6'A &"($H** 4"#*$.$ B('6.2 9S 
)''&6"&)&6'6$1$ 0,29 (#*$H$>'. '& 0,22 #' 0,38). N$D#3A )"$.) +"4'H"(KB>** ) CL-, 
'<")H"-*6$1 ).*D".*" B('6.2 9S .$ 20-40%. M H$/*".&'6 ) *);'#.34 B('6."4 9S >1,0 
$%&*6.')&? R.#'&'%)*.$ ).*D$1$)? <'1"" -"4 .$ 20%. 

 

?1E*("% 1 
?1E*("% 2 
?1E*("% 3 
?1E*("% 4 
?1E*("% 5 
?1E*("% 6 
?1E*("% 7 
?1E*("% 8 
?1E*("% 9 
?1E*("% 10 
?1E*("% 11 

M
&%
*8
"$
'%
@ 
,"
#$
%$
&'
*"
1 
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>*'. 1. P*.$4*%$ B('6.2 $%&*6.')&* R.#'&'%)*.$ 6)"; H$/*".&'6 6 &"-".*" 
$.&*R.#'&'%)*.'6'A &"($H**. =B%63 9 * , '<'>.$-$:& B('6".? 9S, )''&6"&)&6"..', #' 
)"$.)$ +"4'H"(KB>** ) CL-, * -"("> 1 -$) H')1" )"$.)$. 

 

 
>*'. 2. C('/".&.'" ).*D".*" B('6.2 9S H')1" %$D#'+' )"$.)$ $.&*R.#'&'%)*.'6'A 
&"($H**. 8&'1</3 )"('+' /6"&$ )''&6"&)&6B:& H$/*".&$4, H'1B-*67*4 2, 3 *1* 4 )"$.)$ 
+"4'H"(KB>**. P'H'1.*&"1?.' B%$>$.3 )("#*..3" >.$-".*2 9S, >$("+*)&(*('6$..3" 
*);'#.'. 
 

C')1" >$%1:-*&"1?.'+' )"$.)$ +"4'H"(KB>*'..'A &"($H** ) CL-,, %'+#$ B('6".? 9S <31 
<0,4, .$<1:#$1')? )&$&*)&*-")%* )BO")&6"..'" B1B-7".*" +"4'#*.$4*-")%*; 
H'%$>$&"1"A. C'%$>$&"1* )("#."+' $(&"(*$1?.'+' #$61".*2 * -$)&'&3 )"(#"-.3; 
)'%($O".*A *>4".*1*)?, )''&6"&)&6"..', '& 69,45 ± 1,86 44 (&. )&. * 111,73 ± 13,08 
B#$('6/4*. *);'#.', #' 84,09 ± 3,75 44 (&. )&. (( < 0,01) * 77,91 ± 6,59 B#$('6/4*. (( < 
0,01) 6 %'./" &"($H**. 

N'1*-")&6' 1"A%'/*&'6 * H('/".&.'" )'#"(D$.*" ."A&('K*1'6 *>4".*1*)?, 
)''&6"&)&6"..', '& 18380 ± 2510 %1"&'%/443 * 88,45 ± 3,72% *);'#.', #' 9550 ± 1050 
%1"&'%/443 * 67,82 ± 8,36% H')1" >$6"(7".*2 1"-".*2 (p < 0,01). C')1" H('6"#".*2 
+"4'H"(KB>*'..'A &"($H** ) CL-, )''&.'7".*" PaO2/FiO2 B6"1*-*1')? '& 275 ± 12,04 #' 
308,09 ± 8,32 (( < 0,01). 
N %'./B &"($H** <31* #')&*+.B&3 B#'61"&6'(*&"1?.3" H'%$>$&"1* #*B(">$ H(* )("#."4 
>.$-".** >1200 41. 0)%1:-".*" )')&$612"& '#*. H$/*".&, B %'&'('+' *);'#.3A #*B(">, 
)')&$6*67*A 600 41, -"("> 3 #.2 &"($H** 6'>(') '(*".&*('6'-.' #' 1000 41/)B&%*. 

9.$1*> H'%$>$&"1"A KB.%/** H"-".* &('*; H$/*".&'6, %'&'(3" H"(".")1* 
&($.)H1$.&$/*: H"-".*, H'%$>$1 B6"1*-".*" %'./".&($/** <*1*(B<*.$ (7 ± 2,1 4+/#1), 
$)H$(&$&-$4*.'&($.)K"($>3 (9)9&) (950 ± 31 4+/#1), $1$.*.-$4*.'&($.)K"($>3 (919&) 
(789 ± 55,4 4+/#1) * O"1'-.'A K')K$&$>3 (356 ± 42,5). ,)" R&* H'%$>$&"1* #')&*+1* 
.'(4$1?.3; >.$-".*A 6 &"-".*" 5 #."A H')1" H("%($O".*2 &"($H**. 
L*%('<*'1'+*-")%'" *))1"#'6$.*" H'#&6"(#*1' .$1*-*" +($4'&(*/$&"1?.'A *.K"%/** B 
9 *> 11 H$/*".&'6 6 &"-".*" 72 -$)'6 H')1" 6%1:-".*2 6 H'HB12/*:. P12 ')&$1?.3; #6'*; 

8("#*..3" >.$-".*2 9S 6 .$-$1" $.&*R.#'&'%)*.'6'A &"($H** 

1 H$/*".& 
6 H$/*".&'6 
4 H$/*".&$ 

C
:(
#*
""
7
( 
0$
&1
31
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4*

 6
)
("
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("
*+

 M
!

 (%
) 
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H$/*".&'6 <31 H'1B-". '&(*/$&"1?.3A (">B1?&$& <$%&"(*'1'+*-")%'+' *))1"#'6$.*2 
%('6*. 
,)" 24 H$/*".&$ #'D*1* #' %'.&('1?.'+' '<)1"#'6$.*2, 63H'1."..'+' .$ 28 #".?. 

GH'6D#("*( 
F$1*-*" R.#'&'%)"4** B <'1?.3; &2D"134 )"H)*)'4 * )"H&*-")%*4 7'%'4 <31' 
H'#&6"(D#".' .")%'1?%*4* *))1"#'6$.*24*, (">B1?&$&3 %'&'(3; 'HB<1*%'6$.3 6 
.$B-.'A 1*&"($&B(". Opal * )'$6&. [6] 6 1999 +'#B 'H*)$1* 253 )1B-$2 )"H)*)$. , 80% *> 
.*; <31$ H'#&6"(D#".$ R.#'&'%)"4*2. 8("#* H$/*".&'6 ) 63($D"..'A R.#'&'%)"4*"A 
B('6".? 28-#."6.'A )4"(&.')&* <31 )BO")&6"..' 637", -"4 )("#* <'1?.3; ) 
.">.$-*&"1?.'A R.#'&'%)"4*"A. I"4 ." 4"."", ")&")&6"..$2 #*.$4*%$ R.#'&'%)"4** H(* 
)"H)*)" H'1.')&?: ." 632).".$, H')%'1?%B )''<O".*2 ' 61*2.** R.#'&'%)"4** .$ 
)')&'2.*" H$/*".&'6 ($>1*-.'+' 6'>($)&$, ) ($>.'A )'HB&)&6B:O"A H$&'1'+*"A * ($>.'A 
63($D"..')&?: '(+$..'A #*)KB.%/** .')2& H('&*6'("-*63A ;$($%&"(. J&-$)&* R&' 
4'D"& <3&? '<B)1'61".' 6$(*$<"1?.')&?: 6>$*4'#"A)&6*2 /*(%B1*(B:O"+' 6 %('6* 
R.#'&'%)*.$ ) *44B..'A )*)&"4'A ;'>2*.$, $ ." ) $<)'1:&.34 )'#"(D$.*"4 R.#'&'%)*.$ 
6 %('6'&'%". 
F'63A 4"&'# 'H("#"1".*2 $%&*6.')&* R.#'&'%)*.$ 6 %('6*, %'&'(3A .')*& .$>6$.*" &")&$ 
.$ $%&*6.')&? R.#'&'%)*.$ (9S), B-*&36$"& *.#*6*#B$1?.3" 6$(*$/**, )62>$..3" ) 
'%*)1*&"1?.34 "6>(36'4" ."A&('K*1'6 6 H(*)B&)&6** %'4H1"%)$ EC8-$.&*&"1' [14, 18]. 
Marshall * )'$6&. [7] 6 2004 +'#B H('#"4'.)&(*('6$1* )BO")&6"..B: %'(("12/*: 4"D#B 
B('6."4 9S * B)B+B<1".*"4 %1*.*-")%*; H'%$>$&"1"A, &$%*; %$% '/".%$ H' 7%$1" 
APACHE II, '/".%$ H' 7%$1" SOFA, )''&.'7".*" PaO2/FiO2 * %'1*-")&6' 1"A%'/*&'6. , 
R&'4 D" *))1"#'6$.** <31' '<.$(BD".' &(";%($&.'" B6"1*-".*" (*)%$ &2D"1'+' )"H)*)$ 
B <'1?.3; ) 63)'%*4 B('6."4 9S (9S >0,6), H' )($6.".*: ) H$/*".&$4* ) .*>%*4 
B('6."4 9S (9S <0,4). ='1"" &'+', #12 <'1?.3; ) R.#'&'%)"4*"A <31 ;$($%&"(". 
H'637"..3A B('6".? )4"(&.')&* 6 J0I * H'637"..3A B('6".? 6.B&(*<'1?.*-.'A 
)4"(&.')&*. 

F"#$6.' Valenza * )'$6&. [19] *>B-*1* ($)H(')&($."..')&? R.#'&'%)"4** 6 H'HB12/** *> 
102 H$/*".&'6, H')&BH*67*; 6 J0I H')1" H1$.'6'+' ;*(B(+*-")%'+' 64"7$&"1?)&6$. 
F")4'&(2 .$ .*>%*A B('6".? K*>*'1'+*-")%*; .$(B7".*A, >$("+*)&(*('6$..3; .$ 
4'4".& +')H*&$1*>$/** ()("#.22 '/".%$ H' 7%$1" APACHE - 8,3), B 17% H$/*".&'6 <31 
'<.$(BD". 63)'%*A B('6".? 9S. J<O$2 H('#'1D*&"1?.')&? H("<36$.*2 6 J0I B 
H$/*".&'6 ) 63)'%*4 B('6."4 9S <31$ <'1?7" (5,2 #.2), -"4 B <'1?.3; ) .*>%'A *1* 
B4"("..'A 9S ()''&6"&)&6"..', 1,9 * 1,8 #.2). ='1"" &'+', #12 H$/*".&'6, %'&'(3" 
H"(".")1* ;*(B(+*-")%*" 64"7$&"1?)&6$ .$ '(+$.$; <(:7.'A *1* +(B#.'A H'1')&*, 
("+*)&(*('6$1)2 <'1"" 63)'%*A B('6".? 9S H(* H')&BH1".** 6 J0I, * >.$-*&"1?.' <'1"" 
H('#'1D*&"1?.3A )('% H("<36$.*2 6 J0I, H' )($6.".*: ) <'1?.34*, H"(".")7*4* 
#(B+*" 'H"($/**. 
C(* )"H&*-")%'4 7'%" B('6".? 9S %'(("1*('6$1 ) &2D")&?: >$<'1"6$.*2 [20]. F")4'&(2 
.$ ."<'1?7'" -*)1' .$<1:#".*A, <31' '<.$(BD".', -&' B <'1?.3; )"H&*-")%*4 7'%'4 ) 
.*>%'A 9S B('6".? )4"(&.')&* )')&$6121 0%, -"+' ." )%$D"7? ' <'1?.3; ) B4"("..34 
(B('6".? )4"(&.')&* - 17%) * 63)'%*4 (B('6".? )4"(&.')&* - 37,5%) B('6."4 9S. 
, /"1'4, >$("+*)&(*('6$..3" #$..3" )6*#"&"1?)&6B:& ' &'4, -&' .$1*-*" R.#'&'%)*.$ 6 
%('6* B;B#7$"& H('+.'> H$/*".&'6 J0I, $ (*)% ."D"1$&"1?.'+' *);'#$ )62>$. ) 
R.#'&'%)"4*"A, '<B)1'61"..'A *1* )H')'<)&6B:O"A &2D"1'4B )"H)*)B * )"H&*-")%'4B 
7'%B. 
, .$7"4 *))1"#'6$.** <31$ 63H'1.".$ '/".%$ B('6.2 9S B 24 <'1?.3; )"H)*)'4, 
%'&'(3" H"(".")1* ;*(B(+*-")%'" 64"7$&"1?)&6'. ,3)'%*A B('6".? 9S (>0,6) 
H'#&6"(#*1)2 #12 42% H$/*".&'6 .$ ($.."4 R&$H", &' ")&? 6 &"-".*" 24 -$)'6 H')1" 
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H'261".*2 %1*.*-")%*; )*4H&'4'6 )"H)*)$. , )62>* ) R&*4, 43 H("#H'1'D*1*, -&' ($.."" 
64"7$&"1?)&6', .$H($61"..'" .$ B#$1".*" R.#'&'%)*.$, 4'D"& B1B-7*&? H("#H'1$+$"43A 
*);'# )"H)*)$. 

T"4'H"(KB>*2 ) CL-, ;$($%&"(*>'6$1$)? )H')'<.')&?: )"1"%&*6.' B#$12&? R.#'&'%)*. 
*> %('6'&'%$, $ &$%D" '<1$#$1$ <1$+'H(*2&.34 61*2.*"4 .$ *);'# <'1">.*. S&* 
.$<1:#".*2 H'#&6"(D#$:&)2 'HB<1*%'6$..34* (">B1?&$&$4* *))1"#'6$.*A, 
63H'1."..3; .$ &"((*&'(** ]H'.** * W6('H3 [9]. 

F"#$6.' 6 H'HB12/** <'1?.3; )"H&*-")%*4 7'%'4, %'&'(3" H"(".")1* ."'&1'D.3" 
;*(B(+*-")%*" 64"7$&"1?)&6$ H' H'6'#B 6.B&(*<(:7.'A *.K"%/**, <31' 63H'1.".' 
($.#'4*>*('6$..'" %'.&('1*(B"4'" *))1"#'6$.*". , ($4%$; R&'+' *))1"#'6$.*2 <31' 
H('#"4'.)&(*('6$.' <'1"" 63($D"..'" ).*D".*" '<O"A '/".%* H' 7%$1" SOFA .$ 72 
-$)B 6 +(BHH" +"4'H"(KB>** ) CL-,, H' )($6.".*: ) +(BHH'A &($#*/*'..'A &"($H** 
()''&6"&)&6"..', -3,4 6 )($6.".** ) -0,1). Cruz * )'$6&. [8] &$%D" )''<O*1* ' ).*D".** 28-
#."6.'A )4"(&.')&* 6 +(BHH" H$/*".&'6, H'1B-$67*; )"$.)3 +"4'H"(KB>** ) CL-, (32% 
6 )($6.".** ) 53% 6 +(BHH" &($#*/*'..'A &"($H**). 

Monti * )'$6&. [21] 63H'1.*1* ("&(')H"%&*6.3A $.$1*> 6 +(BHH" <'1?.3; )"H&*-")%*4 
7'%'4 ) 9S >0,6. U'&2 R&' *))1"#'6$.*" ';6$&36$1' 1*7? ."<'1?7'" -*)1' H$/*".&'6, 
#12 <'1?.3; *> +(BHH3 +"4'H"(KB>*'..'A &"($H** ) CL-, <31' ;$($%&"(.' >.$-*&"1?.' 
4".?7"" 6("42 H("<36$.*2 6 J0I (21,5 #.2), H' )($6.".*: ) H$/*".&$4*, %'&'(3" 
H'1B-$1* &'1?%' &($#*/*'..B: &"($H*: (53,6 #.2). !$>.*/$ H'%$>$&"1"A )4"(&.')&*, 
>$("+*)&(*('6$..$2 4"D#B #6B42 +(BHH$4*, <31$ %1*.*-")%* >.$-*4'A, .' )&$&*)&*-")%* 
.")BO")&6"..'A (45% 6 +(BHH" &($#*/*'..'A &"($H** H('&*6 16% 6 +(BHH" 
+"4'H"(KB>*'..'A &"($H** ) CL-,). 

, #$..'4 *))1"#'6$.** H$/*".&3 ;*(B(+*-")%'+' H('K*12 ) H(*>.$%$4* )"H)*)$ * 
R.#'&'%)"4*"A (H'#&6"(D#"..'A B('6."4 9S >0,6) H'1B-$1* +"4'H"(KB>*'..B: &"($H*: 
) CL-,, .$H($61"..B: .$ ).*D".*" 9S. I"($H"6&*-")%$2 >$#$-$ +"4'H"(KB>*'..'A 
&"($H** )')&'21$ 6 ).*D".** B('6.2 9S .*D" '&4"&%* 0,4. 8;"4$ +"4'H"(KB>*'..'A 
&"($H** (%'1*-")&6' )"$.)'6) >$6*)"1$ '& B('6.2 9S H')1" %$D#'+' )"$.)$, $ &$%D" '& 
%1*.*-")%'+' )')&'2.*2 H$/*".&$. C')1" %$D#'+' )"$.)$ +"4'H"(KB>*'..'A &"($H** ) 
CL-, B('6".? 9S ).*D$1)2. C('/".&.'" ).*D".*" <31' <'1"" 63($D"..34 
(H(*<1*>*&"1?.' 40%) H(* *);'#.'4 B('6." 9S .*D" 0,6, -"4 H(* *);'#.'4 B('6." 9S 
<'1?7" 0,6 (H(*<1*>*&"1?.' 20%). 
I$%B: &".#"./*: 4'D.' '<Y2).*&? ')'<"..')&24* 4"&'#$ &")&*('6$.*2 * 4"&'#$ 
+"4'H"(KB>** ) CL-,. I")& .$ 9S ;$($%&"(*>B"&)2 ."1*."A.'A %(*6'A #'>$-'&%1*% [22], 
$ %'1*-")&6' EC8, %'&'('" 4'D.' B#$1*&? H(* %$D#'4 )"$.)" +"4'H"(KB>** ) CL-,, 
K*%)*('6$.' * 'H("#"12"&)2 -*)1'4 #')&BH.3; B-$)&%'6 )62>36$.*2 CL-, 6 %$D#'4 
%$(&(*#D" [15]. 

9.&*R.#'&'%)*.'6$2 +"4'H"(KB>*'..$2 &"($H*2 ) CL-, '<")H"-*6$1$ ."4"#1"..'" * 
63($D"..'" B1B-7".*" +"4'#*.$4*-")%*; H'%$>$&"1"A. N('4" &'+', .$ K'." H('6'#*4'A 
&"($H** .$<1:#$1')? )BO")&6"..'" H'#$61".*" 6')H$1*&"1?.'A ("$%/** '(+$.*>4$, ' -"4 
)6*#"&"1?)&6B"& ).*D".*" %'1*-")&6$ 1"A%'/*&'6 * H('/".&.'+' )'#"(D$.*2 
."A&('K*1'6. ,1*2.*" +"4'H"(KB>*'..'A &"($H** ) CL-, .$ 6')H$1*&"1?.3A H('/")) 
'H*)$.' 4.'+'-*)1"..34* $6&'($4* 6 $)H"%&" 63($<'&%* /*&'%*.'6 * $%&*6$/** %1"&'% 
R.#'&"1*2 [23-25]. 8'6)"4 ."#$6.' Nishibori * )'$6&. [26] H('#"4'.)&(*('6$1*, -&' 
+"4'H"(KB>*2 ) CL-, '<")H"-*6$"& )"1"%&*6.'" B#$1".*" 4'.'/*&'6 *> %('6'&'%$. S&'& 
RKK"%& 4'D"& <3&? H'1'D*&"1?.34, H')%'1?%B 6 H'#'<.3; B)1'6*2; B4".?7$"&)2 
6>$*4'#"A)&6*" 4"D#B 4'.'/*&$4* % %1"&%$4* R.#'&"1*2. 

, R&'4 *))1"#'6$.** 6)" H$/*".&3 ) H'637"..34 B('6."4 R.#'&'%)*.$ 6 %('6* H'1B-$1* 
+"4'H"(KB>*'..B: &"($H*: ) CL-,. ,)" '.* #'D*1* #' %'.&('1?.'+' '<)1"#'6$.*2, 
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63H'1."..'+' .$ 28 #".?, .")4'&(2 .$ 63)'%*A (*)% ."<1$+'H(*2&.'+' *);'#$, )62>$..3A 
) 63)'%*4 B('6."4 9S. 
P$..'" *))1"#'6$.*" #$"& *.&"(").'" H("#)&$61".*" ' ($.."4 1"-".** R.#'&'%)"4** H(* 
)"H)*)". ,'-H"(63;, &")& .$ 9S H'>6'12"& *#".&*K*/*('6$&? H$/*".&'6, %'&'(34 
H'%$>$.$ &"($H*2, .$H($61"..$2 .$ B#$1".*" R.#'&'%)*.$. ,'-6&'(3;, &")& .$ 9S #$"& 
6'>4'D.')&? RKK"%&*6.' 'H("#"1*&? RKK"%& +"4'H"(KB>** ) CL-,, -&' '<1"+-$"& 
#'>*('6$.*" R&'+' 6*#$ &"($H**. ,-&("&?*;, R.#'&'%)"4*2 <31$ &$%D" H'#&6"(D#".$ 6 
)1B-$2;, %'+#$ '&)B&)&6'6$1' <$%&"(*'1'+*-")%'" H'#&6"(D#".*" +($4'&(*/$&"1?.'A 
*.K"%/**, -&' B%$>36$"& .$ ('1? &($.)1'%$/** 6'><B#*&"12 (%$% *)&'-.*%$ R.#'&'%)*.$) 
*> D"1B#'-.'-%*7"-.'+' &($%&$. 
, .$)&'2O"" 6("42 )BO")&6B"& ."'<;'#*4')&? 6 H('6"#".** #'H'1.*&"1?.3; 
*))1"#'6$.*A, 6 %'&'(3; H(*4"& B-$)&*" <'1?7"" -*)1' H$/*".&'6 ) <'1"" &2D"1'A 
H$&'1'+*"A. N('4" &'+', ."'<;'#*4' *>B-*&? +(BHH3 H'637"..'+' (*)%$ R.#'&'%)"4**, 
6%1:-$2 H$/*".&'6 ) &($64$4* * 1"+'-.'A *.K"%/*"A. I")& .$ 9S &$%D" 4'D.' 
*)H'1?>'6$&? #12 B&'-.".*2 ('1* &($.)1'%$/** R.#'&'%)*.$ .$ ($..*; R&$H$; ($>6*&*2 
)"H&*-")%*; )')&'2.*A. 
S412$#1:"$'%* 
L3 ;'&*4 H'<1$+'#$(*&? #'%&'($ L. =BK*, #'%&'($ 9. L'("11* * #'%&'($ T. I(*&$H"H" 
*> La Sapienza Università di Roma >$ &', -&' '.* H("#')&$6*1* .$4 6'>4'D.')&? 
'<)1"#'6$&? ."%'&'(3; )6'*; H$/*".&'6. 
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K:$8("@ 1&%*8"$'%* ,"#$%$&'*"1 * '(0%*-('&*. /$&: 
0$%("E*14@"$( 3"1-("*( #4+ '0(E*9*-('&$. 
1"%*,"#$%$&'*"$8$. %(:10** 
V$.H$'1$ L'.&*$ · L$B(*/*' ='&&*('1*$ · T*$/*.&' C*//*11*$ · L$(*2 
L*..*.*$ · ,$1"(*$ I"(/*$ · 0(". ,"--*$ · PD'6$..* T">B< · C$'1' =(*'7*$ 
· 8"(D*' ,")%'.*$ · V$.H$'1' N$)"11$$ 
$ J&#"1".*" $.")&">*'1'+** * *.&".)*6.'A &"($H**, <'1?.*/$ F*+B$(#$, +. L*1$., 0&$1*2 
< J&#"1".*" 4*%('<*'1'+**, <'1?.*/$ F*+B$(#$, +. L*1$., 0&$1*2 
 

>(9(:1% 
9%&*6.')&? R.#'&'%)*.$ (9S) *+($"& 6$D.B: ('1? 6 H$&'+".">" )"H)*)$. 8BO")&6B"& 
>.$-*&"1?.$2 >$*.&"(")'6$..')&? 6 'H("#"1".** * ).*D".** B('6.2 9S ) /"1?: 
H('+.'>*('6$.*2 * B1B-7".*2 H'%$>$&"1"A >$<'1"6$"4')&* * )4"(&.')&* <'1?.3; 
)"H)*)'4. L3 63H'1.*1* H(')H"%&*6.'" *))1"#'6$.*", >$#$-$ %'&'('+' )')&'21$ 6 '/".%" 
9S B &2D"1'<'1?.3; H$/*".&'6, $ &$%D" 6 'H("#"1".** )62>* 9S ) '(+$..'A #*)KB.%/*"A 
* *);'#$4*, 6 -$)&.')&* H(* )"H&*-")%'4 7'%". 9S (EAA™) '/".*6$1$)? 6 H("#"1$; 24 
-$)'6 '& .$-$1$ ("K($%&"(.'+' )"H&*-")%'+' 7'%$ 6 B)1'6*2; '&#"1".*2 *.&".)*6.'A 
&"($H** (J0I). F$7" *))1"#'6$.*" H'%$>$1', -&' B('6".? 9S ." >$6*)*& '& &*H$ *1* 
*)&'-.*%$ *.K"%/**, .' '&($D$"& &2D")&? >$<'1"6$.*2 B &2D"1'<'1?.3; H$/*".&'6 ) 
)"H&*-")%*4 7'%'4. N('4" &'+', 6 J0I <31 *>B-". 4"&'# R%)&($%'(H'($1?.'+' B#$1".*2 
R.#'&'%)*.$ (+"4'H"(KB>*2 ) H'1*4*%)*.'4 ,). 8B#2 H' 6)"4B, +"4'H"(KB>*2 ) 
H'1*4*%)*.'4 , '%$>36$"& H'1'D*&"1?.'" 61*2.*" .$ *);'# >$<'1"6$.*2, '#.$%' #12 
H'#&6"(D#".*2 R&'A +*H'&">3 ."'<;'#*43 #'H'1.*&"1?.3" *))1"#'6$.*2. 

96&'()%*" H($6$ © (2010 +'#) H(*.$#1"D$& S. Karger AG, +. =$>"1? 

 

S.#'&'%)*., *1* 1*H'H'1*)$;$(*# (EC8), 2612"&)2 ."'&Y"41"434 %'4H'.".&'4 
.$(BD.'A '<'1'-%* +($4'&(*/$&"1?.3; <$%&"(*A. S&' K$%&'(, %'&'(3A 6 >.$-*&"1?.'A 
4"(" 'H("#"12"& 1"&$1?.')&? H(* )"H)*)" [1]. U'&2 EC8 *+($"& %1:-"6B: ('1? 6 
("$1*>$/** K*>*'1'+*-")%*; KB.%/*A %1"&'-.'A '<'1'-%* <$%&"(*A, '#.'6("4"..' 
R.#'&'%)*. #"A)&6B"& %$% 4'O.3A 4"#*$&'(, H("#BH("D#$:O*A *, 6 <'1?7"A 4"(", 
$%&*6*(B:O*A )*)&"4B 6('D#"..'+' *44B.*&"&$ .$ ($..*; R&$H$; 6."#(".*2 <$%&"(*A 
6' 6.B&("..:: )("#B '(+$.*>4$ [2]. S&* )6'A)&6$ H'#-"(%*6$:& "#6'A)&6"..B:" H(*('#B 
R.#'&'%)*.$. J. 2612"&)2 ." &'1?%' )*+.$1?.'A 4'1"%B1'A, H("#BH("D#$:O"A '(+$.*>4 
;'>2*.$ ' 6."#(".** 6'><B#*&"12, .' * &(*++"(.'A 4'1"%B1'A H('- * 
H('&*6'6')H$1*&"1?.'+' %$)%$#$, %'&'($2 %'.&('1*(B"& RKK"%&*6.B: H('&*6'4*%('<.B: 
>$O*&B * B#$1".*" 6'><B#*&"12 *> '(+$.*>4$. C' ." )'6)"4 2).34 H(*-*.$4, 6 ."%'&'(3; 
)1B-$2;, ."("+B1*(B"4$2 * -(">4"(.$2 ("$%/*2 '(+$.*>4$ ;'>2*.$ .$ EC8, *1* 
63)6'<'D#".*" <'1?7'+' %'1*-")&6$ EC8, 4'+B& *.#B/*('6$&? *1* H'##"(D*6$&? 
)"H&*-")%*A %$)%$#. C(* ."#')&$&'-.'4 %'.&('1" R&* RKK"%&3 H(*6'#2& % ($>6*&*: 
H'1*'(+$..'A ."#')&$&'-.')&* * K$&$1?.'+' )"H&*-")%'+' 7'%$ [3]. 
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U'&2 B.*%$1?.$2 4'1"%B1$ EC8 2612"&)2 <*'4$(%"('4 )"H)*)$ * ').'6.34 4"#*$&'('4 
)"H&*-")%'+' %$)%$#$, '#.'6("4"..' '.$ 4'D"& <3&? H'1">.34 )("#)&6'4 #*$+.')&*%* * 
4'.*&'(*.+$, $ &$%D" 6$D.'A /"1?: #12 &"($H"6&*-")%'+' 64"7$&"1?)&6$ [4, 5]. 

Q4+ -(2$ $0:(#(4+%@ 1&%*8"$'%@ ,"#$%$&'*"1? !"#$%$&'*" &1& H*$)1:&(: '(0'*'1 
F'63A * .$#"D.3A &")& .$ $%&*6.')&? R.#'&'%)*.$ ($.+1. endotoxin activity assay, EAA™), 
H'#('<.' 'H*)$..3A 6 H("#7")&6B:O*; HB<1*%$/*2;, ."#$6.' <31 $H('<*('6$. 6 
%1*.*-")%*; B)1'6*2; [6]. N'('&%' +'6'(2, EAA™ ').'6$. .$ '/".%" )&"H".* $%&*6$/** 
H'HB12/** ."A&('K*1'6 /*(%B1*(B:O"A %('6* R.#'&'%)*.'4. C($%&*-")%*, /"1?.$2 
%('6? <'1?.'+' %B1?&*6*(B"&)2 ) $.&*-EC8 $.&*&"1$4*, $ >$&"4 )&*4B1*(B"&)2 
'H)'.*>*('6$..34 >*4'>$.'4. C')1"#B:O*A '%*)1*&"1?.3A "6>(36" 1"A%'/*&'6, 
*.#B/*('6$..3A H(*)B&)&6*"4 R.#'&'%)*.$, '/".*6$"&)2 4"&'#'4 ;"4*1:4*.")/"./**, 
%'&'(3A H'>6'12"& 63H'1.*&? %'1*-")&6"..B: '/".%B $%&*6.')&* R.#'&'%)*.$ (EAA™) 
[7]. M('6".? $%&*6.')&* R.#'&'%)*.$ (9S) 63($D$"&)2 6 "#*.*/$; 7%$13 '& 0 #' 1: .*>%$2 
$%&*6.')&? (9S <0,4 "#*.*/3), B4"("..$2 $%&*6.')&? (0,4 < 9S < 0,6 "#*.*/3), 63)'%$2 
$%&*6.')&? (9S >0,6 "#*.*/3). 

, ."#$6."4 *))1"#'6$.** Marshall * )'$6&. [8] )''<O*1* ' &'4, -&' R.#'&'%)"4*2 7*('%' 
($)H(')&($.".$ 6 +"&"('+"..'A H'HB12/** &2D"1'<'1?.3; H$/*".&'6 6 #".? H')&BH1".*2 
6 J0I. ='1"" -"4 B 50% &$%*; H$/*".&'6 .$<1:#$"&)2 B4"("..3A *1* 63)'%*A B('6".? 
9S H' )($6.".*: )' >#'('634* #'<('6'1?/$4*. I"4 ." 4"."", )'+1$).' %(*&"(*24 
`".&('6 %'.&('12 * H('K*1$%&*%* >$<'1"6$"4')&* ($.+1. Centers for disease control and 
prevention, CDC), &'1?%' B 4% H("#)&$6*&"1"A R&'A '<7*(.'A H'HB12/** H'#&6"(D#$"&)2 
+($4'&(*/$&"1?.$2 *.K"%/*2. ='1"" &'+', ($)H(')&($."..')&? +($4'&(*/$&"1?.'A 
*.K"%/** 6 H'#+(BHH$; ) B4"("..34 * 63)'%*4 B('6."4 9S ." <31$ >.$-*&"1?.' 637", $ 
#')&*+$1$, )''&6"&)&6"..', 4,8 * 6,9%. I$%'" ($);'D#".*" )6*#"&"1?)&6B"& ' &'4, -&': 6'-
H"(63;, &")& .$ 9S ." 2612"&)2 )H"/*K*-.34 4"&'#'4 #12 #*$+.')&*%* 
+($4'&(*/$&"1?.'A *.K"%/** *, )1"#'6$&"1?.', #12 63<'($ R4H*(*-")%'A 
$.&*<$%&"(*$1?.'A &"($H** #' H'1B-".*2 (">B1?&$&'6 <$%&"(*'1'+*-")%'+' 
*))1"#'6$.*2; *, 6'-6&'(3;, R.#'&'%)"4*2 4'D"& <3&? '<B)1'61".$ ." &'1?%' R%>'+"..'A 
+($4'&(*/$&"1?.'A *.K"%/*"A [9]. , #"A)&6*&"1?.')&*, 63261".*" R.#'&'%)"4** 4'D"& 
B%$>36$&? .$ &($.)1'%$/*: D*>.")H')'<.3; +($4'&(*/$&"1?.3; <$%&"(*A *1* )$4'+' 
R.#'&'%)*.$ *> D"1B#'-.'-%*7"-.'+' &($%&$ H(* .$(B7".** <$(?"(.'A KB.%/** 
%*7"-.*%$ %$% )1"#)&6*" H$&'1'+*-")%'A H"(KB>** [10]. , H'#&6"(D#".*" R&'4B, 6 &'4 
D" *))1"#'6$.** <31' H('#"4'.)&(*('6$.', -&' ($)H(')&($."..')&? 7'%$ <31$ 6 #6$ 
($>$ 637" B &2D"1'<'1?.3; H$/*".&'6 ) B4"("..34 *1* 63)'%*4 B('6."4 9S. 
M-*&36$2 637")%$>$..'", >.$-*&"1?.3A *.&"(") 63>6$1$ 6'>4'D.')&? 'H("#"1".*2 9S 
*>'1*('6$..' *1* 6 )'-"&$.** ) #(B+*4* 4$(%"($4*, )H')'<.34* H('+.'>*('6$&? *);'# 
<'1?.3; )"H)*)'4. E*&"($&B(.3" #$..3" )6*#"&"1?)&6B:&, -&' R.#'&'%)"4*2 (*1*, 
H($6*1?."" <B#"& )%$>$&?, H'1'D*&"1?.3A (">B1?&$& &")&$, ').'6$..'+' .$ H(*4".".** 
1*>$&$ $4"<'/*&'6 4"-";6')&$) 'H("#"12"&)2 "#6$ 1* ." B 20-40% H$/*".&'6, )&($#$:O*; 
)"H)*)'4 [9, 11]. N('4" &'+', Casey * )'$6&. [12] ($."" H'%$>$1*, -&' #12 &2D"1'<'1?.3; 
)"H&*-")%*; H$/*".&'6 ) 63)'%'A EC8-/*&'%*.'6'A '/".%'A ;$($%&"(". >.$-*&"1?.' 
<'1?7*A (*)% )4"(&* H' )($6.".*: ) H$/*".&$4* B %'&'(3; R&$ '/".%$ .*D". I"4 ." 
4"."", R&* (">B1?&$&3 <$>*(B:&)2 .$ 'H("#"1".** $%&*6.')&* R.#'&'%)*.$ ) H'4'O?: 
4"&'#$, %'&'(3A ').'6$. .$ *)H'1?>'6$.** 1*>$&$ $4"<'/*&'6 4"-";6')&$ * 
;$($%&"(*>B"&)2 'H("#"1"..34* '+($.*-".*24* (."#')&$&'-.$2 &'-.')&?, 
6')H('*>6'#*4')&? * )H"/*K*-.')&?) [9, 13]. 
, ($4%$; <'1"" )'6("4"..'+' *))1"#'6$.*2 MEDIC, 6 ').'6" %'&'('+' 1"D$1 
;"4*1:4*.")/".&.3A 4"&'# 'H("#"1".*2 9S, <31$ >$("+*)&(*('6$.$ )BO")&6"..$2 
6>$*4')62>? 4"D#B B('6."4 9S B &2D"1'<'1?.3; H$/*".&'6 * &2D")&?: >$<'1"6$.*2, -&' 
'&($D$"&)2 6 <'1"" 63)'%*; '/".%$; H' 7%$1$4 APACHE II * SOFA B <'1?.3; ) 63)'%*4 
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B('6."4 9S 6 #".? H')&BH1".*2 6 J0I. , R&'A H'#+(BHH" H$/*".&'6 &$%D" .$<1:#$1$)? 
<'1"" 63($D"..$2 '(+$..$2 #*)KB.%/*2, ' -"4 )6*#"&"1?)&6B:& H'637"..$2 
($)H(')&($."..')&? 7'%$ * +*H'%)"4** [8]. N('4" &'+', H' #$..34 R&'+' *))1"#'6$.*2, 
6'>($)&$:O*A B('6".? 9S .$ 4'4".& H')&BH1".*2 %'(("1*('6$1 ) H'637"..'A 
)4"(&.')&?: 6 J0I. N )'D$1".*:, 6 R&'4 *))1"#'6$.** B-$)&6'6$1' ."<'1?7'" -*)1' 
<'1?.3; )"H)*)'4. J<Y"%&'4 *))1"#'6$.*2 <31$ +"&"('+"..$2 H'HB12/*2 &2D"1'<'1?.3; 
H$/*".&'6, H'R&'4B 6'H(') ' 6'>4'D.'A )62>* 4"D#B 9S * H('+.'>'4 )"H)*)$ ')&$"&)2 
'&%(3&34. 
, )62>* ) R&*4, 43 63H'1.*1* H(')H"%&*6.'" *))1"#'6$.*", ').'6.$2 >$#$-$ %'&'('+' 
)')&'21$ 6 '/".%" ($)H(')&($."..')&* R.#'&'%)"4** 6 H'HB12/** &2D"1'<'1?.3; 
H$/*".&'6 ) )"H&*-")%*4 7'%'4, $ &$%D" 6 'H("#"1".** )62>* 4"D#B 63($D"..')&?: 
R.#'&'%)"4** * *);'#'4 >$<'1"6$.*2. P'H'1.*&"1?.3" >$#$-* >$%1:-$1*)? 6 *>B-".** 
6>$*4')62>* 4"D#B 9S * '(+$..'A #*)KB.%/*"A, $ &$%D" 6 '/".%" H('+.')&*-")%*; 
H'%$>$&"1"A H(* )"H&*-")%'4 7'%". , R&'4 *))1"#'6$.** H(*.21* B-$)&*" 80 <'1?.3; ) 
&2D"134 )"H&*-")%*4 7'%'4, %'&'(3" .$;'#*1*)? .$ 1"-".** 6 .$7"4 6')?4*%'"-.'4 
J0I '<O"+' H('K*12 6 H"(*'# ) 2.6$(2 2007 +'#$ H' #"%$<(? 2009 +'#$. JH("#"1".*" 9S 
4"&'#'4 EAA™ 63H'1.21')? #12 6)"; H$/*".&'6 J0I ." H'>#."" 24 -$)'6 '& 4'4".&$ 
($>6*&*2 )"H&*-")%'+' 7'%$ 6 )''&6"&)&6** ) ("%'4".#$/*24* %$4H$.** H' <'(?<" ) 
)"H)*)'4 ($.+1. surviving sepsis campaign, SSC). ,' 6)"; )1B-$2; )"H&*-")%'+' 7'%$ 
H('6'#*1$)? 4";$.*-")%$2 6".&*12/*2 1"+%*; * H'##"(D%$ +"4'#*.$4*%* H(* H'4'O* 
6$>'H("))'('6. 25% &$%*; H$/*".&'6 H'1B-$1* H('1'.+*('6$..B: >$4")&*&"1?.B: 
H'-"-.B: &"($H*: H' H'6'#B H'-"-.'A ."#')&$&'-.')&* ) $.B(*"A. ,)" B-$)&.*%* 
*))1"#'6$.*2 H'1B-$1* &($#*/*'..B: &"($H*: )'+1$).' ("%'4".#$/*24 SSC. 

!$)H("#"1".*" H$/*".&'6 .$ +(BHH3 6 >$6*)*4')&* '& B('6.2 9S H'%$>$1', -&' <'1"" -"4 
B 80% <'1?.3; ) )"H&*-")%*4 7'%'4 B('6".? 9S <31 B4"("..34 (9S >0,4) *1* 63)'%*4 
(>0,6). S&* .$<1:#".*2 H'#&6"(D#$:& ('1? R.#'&'%)*.$ %$% %1:-"6'+' K$%&'($, 
>$HB)%$:O"+' )"H&*-")%*A %$)%$#. F*>%*A B('6".? 9S (<0,4) <31 >$("+*)&(*('6$. &'1?%' 
B 17% H'HB12/**. L"D#B R&*4* #6B42 +(BHH$4* ." .$<1:#$1')? )BO")&6"..'A ($>.*/3 6 
)''&.'7".** H'%$>$&"1"A ($)H(')&($."..')&* H'#&6"(D#"..'A +($4H'1'D*&"1?.'A * 
+($4'&(*/$&"1?.'A *.K"%/** (#$..3" ." H("#)&$61".3). 
WO" <'1?7*A *.&"(") 63>36$"& &', -&' H'1B-"..3" .$4* (">B1?&$&3 B%$>36$:& .$ 
H'1'D*&"1?.B: %'(("12/*: 4"D#B B('6."4 9S * &2D")&?: )"H)*)$. , #"A)&6*&"1?.')&*, 
<'1?.34 ) 63)'%*4 B('6."4 9S .$ K'." )"H&*-")%'+' 7'%$ <31$ ."'<;'#*4$ 
>.$-*&"1?.' <ó1?7$2 #'>$ .'($#(".$1*.$ + $#(".$1*.$ (FJ!+9P!) H' )($6.".*: ) 
H("#)&$6*&"124* +(BHH B4"("..'A *1* .*>%'A 9S (* ( < 0,05; &$<1*/$ 1). ='1"" &'+', 6 
.$7"4 *))1"#'6$.** 6'>($)&$:O*A B('6".? 9S B <'1?.3; )"H&*-")%*4 7'%'4 )'-"&$1)2 
) H'637"..'A 6.B&(*<'1?.*-.'A )4"(&.')&?:, ;'&2 )&$&*)&*-")%* )BO")&6"..$2 ($>.*/$ 
4"D#B +(BHH$4* '&)B&)&6'6$1$ (14, 20 * 32%, )''&6"&)&6"..', 6 +(BHH$; .*>%'A, 
B4"("..'A * 63)'%'A 9S). , +(BHH" 63)'%'A 9S H'%$>$&"1? )4"(&.')&* ').'6$. &'1?%' 
.$ #$..3; H$/*".&'6, H'1B-$67*; &($#*/*'..B: &"($H*: )'+1$).' ("%'4".#$/*24 SSC 
(n = 28), &'+#$ %$% H$/*".&3, %'&'(34 #'H'1.*&"1?.' H('6'#*1$)? $.&*R.#'&'%)*.'6$2 
&"($H*2 (n = 13), *)%1:-".3, ' -"4 )6*#"&"1?)&6B"& )1"#B:O*A ($>#"1. 
<1H4*E1 1. M('6".? 9S * &2D")&? >$<'1"6$.*2 B <'1?.3; )"H&*-")%*4 7'%'4 (* ( < 
0,05). 

 EAA™ < 0,4 0,4 < EAA™ < 0,6 EAA™ > 0,6 
C$/*".&3 14 (17%) 25 (31%) 41 (52%) 
M('6".? EAA™, "#*.*/3 0,28 ± 0,05 0,49 ± 0,06 0,78 ± 0,14 
9P)(, 44. (&. )&. 79,8 ± 16 79,7 ± 10,2 80,3 ± 13,0 
8"(#"-.3A *.#"%) 3,99 ± 1,02 3,61 ± 1,01 3,72 ± 1,54 
0.#"%) )*)&"4.'+' 1540 ± 343 1686 ± 703 1704 ± 790 
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)')B#*)&'+' )'H('&*61".*2 
FJ!+9P!, 4%+/%+/4*. 0,32 ± 0,23 0,34 ± 0,29 0,67 ± 0,56* 
E$%&$&, 44'1?/1 4,52 ± 5,71 3,27 ± 2,64 6,15 ± 4,76 
J/".%$ H' 7%$1" SOFA, 
<$113 9,42 ± 4,68 9,68 ± 3,56 11,31 ± 3,79 

 

, /"1'4, R.#'&'%)"4*2 )$4$ H' )"<" ." H'>6'12"& *#".&*K*/*('6$&? <'1?.3; 
)"H&*-")%*4 7'%'4 ) H'#&6"(D#"..'A +($4'&(*/$&"1?.'A <$%&"(*$1?.'A *.K"%/*"A. N$% 
BH'4*.$1')? ($."", 6 .$7"4 *))1"#'6$.** H(*)B&)&6*" 63)'%'A %'./".&($/** 
R.#'&'%)*.$ 6 %('6'&'%" 26.' ." >$6*)"1' '& 6'><B#*&"12 )"H)*)$ (#$..3" ." 
H("#)&$61".3) [14]. 
!">B1?&$&3 *))1"#'6$.*2, ;'&2 * 2612:&)2 H("#6$(*&"1?.34*, H'#&6"(D#$:& &'-%B 
>(".*2, )'+1$).' %'&'('A 63)'%*A B('6".? 9S B <'1?.3; ) )"H&*-")%*4 7'%'4 
%'(("1*(B"& ) &2D")&?: >$<'1"6$.*2, *, 6 -$)&.')&*, ) +"4'#*.$4*-")%*4* .$(B7".*24*. 
C(* &2D"1'4 )"H)*)" R.#'&'%)"4*2 +*H'&"&*-")%* 4'D"& <3&? (">B1?&$&'4 .$(B7".*A 
)H1$.;.*-")%'+' %('6'&'%$. I$%*4 '<($>'4, '.$ 4'D"& B%$>36$&? .$ ."'<;'#*4')&? 
B)*1".*2 ("$.*4$/*'..3; 4"('H(*2&*A. !'1? #(B+*; 4";$.*>4'6, B-$)&6B:O*; 6 
H$&'+".">" R.#'&'%)"4**, &("<B"& #$1?."A7"+' *>B-".*2. 

8B#2 H' 6)"4B, R.#'&'%)"4*2 H'>6'12"& 'H("#"1*&? +(BHHB 63)'%'+' (*)%$ #$D" )("#* 
<'1?.3; ) )"H&*-")%*4 7'%'4. J< R&'4 +'6'(*& &".#"./*2 % B6"1*-".*: )4"(&.')&* H(* 
6'>($)&$.** B('6.2 9S 6 #$..'A H'HB12/** H$/*".&'6. S&' .$<1:#".*" H'#&6"(D#$"& 
+*H'&">B, )'+1$).' %'&'('A .$1*-*" R.#'&'%)"4** #$"& 6'>4'D.')&? 'H("#"1*&? 
H'HB12/*: <'1?.3; ) )"H&*-")%*4 7'%'4, #12 %'&'(3; )1"#B& 'D*#$&? H'1'D*&"1?.3A 
RKK"%& )H"/*K*-")%'A $.&*R.#'&'%)*.'6'A &"($H**. 

!"#$%$&'*" &1& )(#*1%$: '(0'*'1: )*/("@ #4+ 1"%*,"#$%$&'*"$8$. %(:10**? 
=$%&"(*$1?.3A R.#'&'%)*. H("#)&$612"& )'<'A '#.B *> .$*<'1"" 4'O.3; )*+.$1?.3; 
4'1"%B1. 8'+1$).' (">B1?&$&$4 R%)H"(*4".&$1?.3; *))1"#'6$.*A, $ &$%D" *))1"#'6$.*A, 
63H'1."..3; 6 -"1'6"-")%'A H'HB12/**, EC8 )H')'<". *.#B/*('6$&? 63($D"..3A 
)*)&"4.3A 6')H$1*&"1?.3A '&6"&. C(* R&'4 '. )H')'<)&6B"& +"."($1*>'6$..'4B 
6')H$1".*:, '%$>36$"& H('%'$+B12.&.'" * H('$H'H&'>.'" #"A)&6*", 63>36$"& 
H'6("D#".*" &%$.* * H(*6'#*& % ($>6*&*: )"H&*-")%'+' 7'%$ [15]. 
P12 &'+' -&'<3 1B-7" H'.2&?, %$% '(+$.*>4 ("$+*(B"& .$ R.#'&'%)*., $ &$%D" '<').'6$&? 
H(*4".".*" $.&*-EC8 &"($H**, ."'<;'#*4' B-*&36$&? ."%'&'(3" K$%&'(3. ,'-H"(63;, 
H'&"./*$1?.' 1"&$1?.3" H')1"#)&6*2, H(*H*)36$"43" R.#'&'%)*.B, '<B)1'61".3 )%'("" 
)1'D.34 '&%1*%'4 '(+$.*>4$ ;'>2*.$ .$ H(*)B&)&6*" EC8, -"4 6.B&("..*4* )6'A)&6$4* 
)$4'+' EC8 [3, 16]. ,'-6&'(3;, )BO")&6B"& <1$+'H(*2&.3A +'4"')&$> EC8 (K1'($ 
D"1B#'-.'-%*7"-.'+' &($%&$) * ")&")&6"..'+' *44B.*&"&$. , #"A)&6*&"1?.')&*, EC8 
63H'1.2"& >$O*&.B: KB.%/*:, H')%'1?%B '. H'##"(D*6$"& )H')'<.')&? *44B..'A 
)*)&"43 H('&*6')&'2&? *.K"%/**. 8 R&'A &'-%* >(".*2, H'1.$2 ."A&($1*>$/*2 EC8 
4'D"& <3&? %$% H'1">.'A, &$% * H'&"./*$1?.' 6("#'.').'A *1* <")H'1">.'A. 

N'./"H/*2 4$%)*4$1?.' ($.."+' B#$1".*2 K$%&'($, >$HB)%$:O"+' )"H&*-")%*A %$)%$#, 6' 
*><"D$.*" -(">4"(.'A $%&*6$/** ")&")&6"..'+' *44B..'+' '&6"&$ * 4$))*6.'+' 
63)6'<'D#".*2 H('- * H('&*6'6')H$1*&"1?.3; 4"#*$&'('6 <31$ H(*>.$.$ ($/*'.$1?.34 
*, 6'>4'D.', 'H&*4$1?.34 &"($H"6&*-")%*4 H'#;'#'4 H(* )"H)*)". , )62>* ) R&*4, 
R.#'&'%)"4*2 <31$ '<Y"%&'4 H("#7")&6B:O*; %1*.*-")%*; *))1"#'6$.*A, %'&'(3" 
'/".*6$1* H'&"./*$1?.3" H("*4BO")&6$ ."A&($1*>$/** *1* )62>36$.*2 R.#'&'%)*.$ ) 
/"1?: B1B-7".*2 %1*.*-")%'+' H('+.'>$ H$/*".&'6 ) H("#H'1$+$"4'A 
+($4'&(*/$&"1?.'A *.K"%/*"A [17, 18]. N )'D$1".*:, H("#H(*.2&3" H'H3&%* (6%1:-$2 
*)H'1?>'6$.*" $.&*R.#'&'%)*.'63; $.&*&"1 HA-1A * E5mAb) #' )*; H'( ." B6".-$1*)? 
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B)H";'4: H("*4BO")&6$ *>B-"..3; K'(4 $.&*R.#'&'%)*.'6'A &"($H** H'%$ ." 
H'#&6"(#*1*)? [19]. 
L3 H'1$+$"4, -&' )("#* 4.'+'-*)1"..3; 4"&'#'6 1"-".*2 R.#'&'%)*-")%'+' 7'%$, 6 
.$)&'2O*A 4'4".& .$*<'1"" H(*61"%$&"1?.34 2612"&)2 4"&'# +"4'H"(KB>** ) 
H'1*4*%)*.'4 , (CL-,). C'1*4*%)*. , - $.&*<*'&*%, #12 %'&'('+' ;$($%&"(". 63)'%*A 
B('6".? )('#)&6$ % R.#'&'%)*.B, <31 *44'<*1*>*('6$. .$ H'1*)&*('1'63; 6'1'%.$; 
+"4'H"(KB>*'..'+' B)&('A)&6$. N$% H'%$>$1* *))1"#'6$.*2, 63H'1."..3" in vitro * in 
vivo, +"4'H"(KB>*2 ) CL-, '<")H"-*6$"& RKK"%&*6.'" )62>36$.*" * ."A&($1*>$/*: 
R.#'&'%)*.$, *, &$%*4 '<($>'4, )H')'<)&6B"& ).*D".*: "1"&$1?.'A" %'./".&($/** 
R.#'&'%)*.$ 6 H1$>4" %('6* [20]. S&'& RKK"%& '<")H"-*6$"& H("(36$.*" )"H&*-")%'+' 
%$)%$#$, -&' H'#&6"(D#$"&)2 H'.*D"..'A H('$H'H&'>.'A $%&*6.')&?: H1$>43 %('6* B 
<'1?.3; )"H&*-")%*4 7'%'4, H'1B-$67*; +"4'H"(KB>*'..B: &"($H*: ) CL-, [21]. 
, ($4%$; )*)&"4$&*-")%'+' '<>'($ Cruz * )'$6&. [22] )''<O*1*, -&' +"4'H"(KB>*2 ) CL-, 
'<1$#$"& <1$+'H(*2&.34 61*2.*"4 .$ KB.%/*: '(+$.'6 * H'%$>$&"1* )4"(&.')&* <'1?.3; 
) )"H&*-")%*4 7'%'4 (H("*4BO")&6"..' +($4'&(*/$&"1?.'A R&*'1'+**). !">B1?&$&3 
."#$6."+' ($.#'4*>*('6$..'+' %'.&('1*(B"4'+' *))1"#'6$.*2 EUPHASE 
)6*#"&"1?)&6B:&, -&' +"4'H"(KB>*'..$2 &"($H*2 ) CL-,, #'H'1.2:O$2 &($#*/*'..B: 
&"($H*:, '<")H"-*6$"& )BO")&6"..'" B1B-7".*" +"4'#*.$4*-")%*; H'%$>$&"1"A, $ &$%D" 
B1B-7".*" H'%$>$&"1"A KB.%/** 6.B&("..*; '(+$.'6 H(* >.$-*&"1?.'4 ).*D".** 28-
#."6.'A )4"(&.')&* <'1?.3; )"H&*-")%*4 7'%'4, ')1'D.*67*4 6.B&(*<(:7.B: 
+($4'&(*/$&"1?.B: *.K"%/*: [23]. 

N )'D$1".*:, #' .$)&'2O"+' 6("4".* '&)B&)&6'6$1 %1*.*-")%*A 'H3& '/".%* 9S H(* 
)"H&*-")%'4 7'%" * H('6"#".** )H"/*K*-")%'A $.&*R.#'&'%)*.'6'A &"($H** 
(+"4'H"(KB>*2 ) CL-,). M-*&36$2 <'1"" 63)'%*" H'%$>$&"1* )4"(&.')&* * <ó1?7B: 
&2D")&? >$<'1"6$.*2, >$("+*)&(*('6$..3" B H$/*".&'6 ) 63)'%*4 B('6."4 9S .$ K'." 
)"H&*-")%'+' 7'%$, H' )($6.".*: ) +(BHH$4* B4"("..'+' * .*>%'+' B('6.2 9S, 43 
)')("#'&'-*1* )6'" 6.*4$.*" .$ H"(6'A +(BHH", 6 %'&'('A 4'D.' 'D*#$&? 
"H'&"./*$1?.3A * +*H'&"&*-")%*A" H'1'D*&"1?.3A RKK"%& $.&*R.#'&'%)*.'6'A &"($H**. 
L3 63H'1.*1* ("&(')H"%&*6.3A $.$1*> %1*.*-")%*; H'%$>$&"1"A * *);'#'6, 
>$("+*)&(*('6$..3; #12 H$/*".&'6, %'&'(3" H'1B-$1* 1"-".*" H' '#.'A *> #6B; );"4 
(&($#*/*'..$2 &"($H*2 6 )($6.".** &($#*/*'..'A &"($H*"A, #'H'1."..'A +"4'H"(KB>*"A 
) CL-,). , *))1"#'6$.** H(*.*4$1* B-$)&*" &'1?%' <'1?.3" ) )"H&*-")%*4 7'%'4 * 
63)'%*4 B('6."4 9S, %'&'(3" H(';'#*1* 1"-".*" 6 J0I 6 H"(*'# ) 2.6$(2 2007 +'#$ H' 
#"%$<(? 2009 +'#$. 
8'+1$).' .$7*4 H('&'%'1$4 ($<'&3 6 J0I, +"4'H"(KB>*'..$2 &"($H*2 ) CL-, 6)"+#$ 
*)H'1?>'6$1$)? H(* ("K($%&"(.'4 )"H&*-")%'4 7'%" ) +"4'#*.$4*-")%'A 
.")&$<*1?.')&?: (<3)&('" 6'>($)&$.*" #'>3 6$>'H("))'('6/*.'&('H.3; H("H$($&'6 - 
<'1"" -"4 .$ 50% H' )($6.".*: )' )&$(&'6'A #'>'A >$ 6 -$)'6), ."#')&$&'-.')&* &("; 
'(+$.'6 * (*1*) 4";$.*-")%'A 6".&*12/** 1"+%*;. T"4'H"(KB>*'..$2 &"($H*2 ) CL-, 
6)"+#$ H('6'#*1$)? .$ K'." H'1.'/"..'A &"($H**, ').'6$..'A .$ ("%'4".#$/*2; SSC. 
I$%*4 '<($>'4, +"4'H"(KB>*'..$2 &"($H*2 ) CL-, *)H'1?>'6$1$)? H' B)4'&(".*: 
1"-$O"+' 6($-$ (.$ ').'6$.** 637"BH'42.B&3; %(*&"(*"6) 6 %$-")&6" 6)H'4'+$&"1?.'A 
&"($H**, #'H'1.2:O"A &($#*/*'..B: );"4B 1"-".*2, .">$6*)*4' '& B('6.2 9S. 

L3 )'<*($1* %1*.*-")%*" #$..3", $ &$%D" )6"#".*2 ' ($>6*&** * *);'#" )"H&*-")%'+' 
7'%$ B 41 H$/*".&$ *> +(BHH3 63)'%'A 9S. P6$#/$&? 6')"4? *> .*; H'1B-$1* &'1?%' 
&($#*/*'..B: &"($H*:, $ &(*.$#/$&? - &($#*/*'..B: &"($H*: 6 )'-"&$.** ) CL-,. ,' 
6&'('A +(BHH" +"4'H"(KB>*2 ) CL-, 63H'1.21$)? 6 &"-".*" 24 -$)'6 '& 4'4".&$ 
#*$+.')&*('6$.*2 )"H&*-")%'+' 7'%$. P6$ )"$.)$ +"4'H"(KB>*'..'A &"($H** 
H('6'#*1*)? ) *.&"(6$1'4 6 24 -$)$. 
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!"+*)&($/*2 %1*.*-")%*; #$..3; ')BO")&6121$)? *);'#.' (I0) * .$ 48 -$)" (I2). L"D#B 
#6B42 +(BHH$4* '&)B&)&6'6$1$ )BO")&6"..$2 ($>.*/$ 6 )''&.'7".** H'%$>$&"1"A 
($)H(')&($."..')&* H'#&6"(D#"..'A +($4H'1'D*&"1?.'A * +($4'&(*/$&"1?.'A *.K"%/** 
(#$..3" ." H("#)&$61".3). M-*&36$2 .$7* H('&'%'13 1"-".*2 6 J0I, *);'#.' +(BHH$ 
+"4'H"(KB>*'..'A &"($H** ) CL-, ;$($%&"(*>'6$1$)? <'1"" &2D"134* %1*.*-")%*4* 
H('261".*24* 7'%$, -&' '&($D$"&)2 6 <'1?7"A H'&("<.')&* 6 6$>'H("))'($;, 6 <'1"" 
63)'%'4 B('6." 1$%&$&$ 6 )36'('&%" %('6* * 6 <'1"" 63)'%'A *);'#.'A <$11?.'A '/".%" 
H' 7%$1" SOFA (&$<1*/$ 2). F$ 6("4"..'A '&4"&%" I2, .")4'&(2 63($D"..B: &2D")&? 
>$<'1"6$.*2, #12 +(BHH3 +"4'H"(KB>*'..'A &"($H** ) CL-, <31' ;$($%&"(.' 
>.$-*&"1?.'" * <3)&('" ).*D".*" H'&("<.')&* 6 6$>'H("))'($; (( < 0,01; (*). 1), -"+' ." 
.$<1:#$1')? 6 +(BHH" &($#*/*'..'A &"($H**. N('4" &'+', 6 '&1*-*" '& +(BHH3 
)&$.#$(&.'A &"($H** (#$..3" ." B&'-.2:&)2), .$ R&'A 6("4"..'A '&4"&%" 6 +(BHH" 
+"4'H"(KB>*'..'A &"($H** ) CL-, ("+*)&(*('6$1')? )BO")&6"..'" B1B-7".*" KB.%/** 
'(+$.'6, ' -"4 )6*#"&"1?)&6B"& ).*D".*" %'./".&($/** 1$%&$&$ 6 %('6* () 7,13 ± 4,50 #' 
4,53 ± 4,14 44'1?/1, ( = 0,001) * <$11?.'A '/".%* H' 7%$1" SOFA (c 13,23 ± 2,17 #' 10,97 
± 3,63 <$11$, ( < 0,05; (*). 2). 
<1H4*E1 2. 0);'#.3" #$..3" <'1?.3; )"H&*-")%*4 7'%'4 ) 63)'%*4 B('6."4 9S, 
H("#)&$61"..3" 6 >$6*)*4')&* '& )&($&"+** 1"-".*2 (+(BHH$ &'1?%' &($#*/*'..'A 
&"($H** * +(BHH$ &($#*/*'..'A &"($H**, #'H'1."..'A +"4'H"(KB>*"A ) CL-,). 

 I($#*/*'..$2 
&"($H*2 

T"4'H"(KB>*'..$2 
&"($H*2 ) CL-, p 

C$/*".&3, n 28 13  
M('6".? EAA™, "#*.*/3 0,73 ± 0,10 0,89 ± 0,18 0,001 
,'>($)&, +'#3 58,3 ± 14 59,9 ± 13,7 0,76 
9P)(, 44. (&. )&. 80,7 ± 9,6 79,69 ± 18,7 0,81 
J/".%$ H' 7%$1" SOFA, <$113 10,32 ± 4,08 13,23 ± 2,17* 0,02 
FJ!+9P!, 4%+/%+/4*. 0,45 ± 0,48 1,15 ± 0,51* 0,001 
E$%&$&, 44'1?/1 4,42 ± 4,70 7,13 ± 4,50 0,09 
PaO2/FiO2 255 ± 105 237 ± 118 0,64 
C('1'.+*('6$..$2 >$4")&*&"1?.$2 
H'-"-.$2 &"($H*2, % 28 23 0,72 

C('#'1D*&"1?.')&? H("<36$.*2 6 
J0I 20,62 ± 18,11 41,1 ± 54,2 0,09 

 

 
>*'. 1. P*.$4*%$ #'>3 FJ!+9P! >$ 48 -$)'6 B H$/*".&'6 ) )"H&*-")%*4 7'%'4 * 
63)'%*4 B('6."4 9S *> +(BHH3 &'1?%' &($#*/*'..'A &"($H** * +(BHH3 &($#*/*'..'A 
&"($H**, #'H'1."..'A +"4'H"(KB>*"A ) CL-,. 8BO")&6"..'" ).*D".*" #'>3 <31' 
>$("+*)&(*('6$.' &'1?%' 6 +(BHH" +"4'H"(KB>** ) CL-, (( < 0,001). 

4%
+/
%+

/4
*.

 

5G> 2()$0(:963*+ ' ?A-J 
5G> '%1"#1:%"1+ %(:10*+ 
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>*'. 2. P*.$4*%$ <$11?.'A '/".%* H' 7%$1" SOFA >$ 48 -$)'6 B H$/*".&'6 ) )"H&*-")%*4 
7'%'4 * 63)'%*4 B('6."4 9S *> +(BHH3 &'1?%' &($#*/*'..'A &"($H** * +(BHH3 
&($#*/*'..'A &"($H**, #'H'1."..'A +"4'H"(KB>*"A ) CL-,. 8BO")&6"..'" ).*D".*" 
#'>3 <31' >$("+*)&(*('6$.' &'1?%' 6 +(BHH" +"4'H"(KB>** ) CL-, (( < 0,05). 
 
N1*.*-")%'" B1B-7".*", >$K*%)*('6$..'" 6 +(BHH" +"4'H"(KB>*'..'A &"($H** ) CL-,, 
<31' )62>$.' )' ).*D".*"4 B('6.2 9S (#$..3" ." H("#)&$61".3; n = 7, 6 )62>* ) 
("&(')H"%&*6.34 ;$($%&"('4 *))1"#'6$.*2). !$)H(')&($."..')&? H('1'.+*('6$..'A 
>$4")&*&"1?.'A H'-"-.'A &"($H** <31$ '#*.$%'6'A 6 '<"*; +(BHH$;. I' D" )$4'" 4'D.' 
)%$>$&? ' +'(4'.$1?.'A &"($H** * H(*4".".** $%&*6*('6$..'+' H('&"*.$ 8. J)1'D.".*2, 
)62>$..3" ) +"4'H"(KB>*'..'A &"($H*"A, '&)B&)&6'6$1*. M('6".? '<O"A )4"(&.')&* 
#')&*+$1 15% 6 +(BHH" +"4'H"(KB>*'..'A &"($H** ) CL-, * 32% 6 +(BHH" &($#*/*'..'A 
&"($H** (( = 0,614, g2 %(*&"(*A). C(*.*4$2 6' 6.*4$.*" '+($.*-".*2 ("&(')H"%&*6.'+' 
$.$1*>$, ."<'1?7'A ($>4"( 63<'(%* * .")<$1$.)*('6$..'" 1"-".*", R&* %1*.*-")%*" 
#$..3" B%$>36$:& .$ /"1")''<($>.')&? R%)&($%'(H'($1?.'+' B#$1".*2 R.#'&'%)*.$ H(* 
("K($%&"(.'4 )"H&*-")%'4 7'%" ) H'1*'(+$..'A ."#')&$&'-.')&?:. L3 .$4"("..' ." 
$%/".&*('6$1* 6.*4$.*" .$ >$4"&.'A ($>.*/" 6 H'%$>$&"12; )4"(&.')&*, %'&'($2 
H("#)&$612"& )'<'A *.&"("), .', 6 &' D" 6("42, 4'D"& 66'#*&? 6 >$<1BD#".*". 

, /"1'4, .$7* (">B1?&$&3 )'+1$)B:&)2 ) #$..34*, H("#)&$61"..34* 6 .$B-.'A 
1*&"($&B(". T"4'H"(KB>*'..$2 &"($H*2 ) CL-,, #'H'1.2:O$2 &($#*/*'..B: );"4B 
1"-".*2, '<")H"-*6$1$ )BO")&6"..'" B1B-7".*" H'%$>$&"1"A +"4'#*.$4*%* * KB.%/** 
'(+$.'6, $ &$%D", )B#2 H' 6)"4B, )H')'<)&6'6$1$ ).*D".*: H'%$>$&"12 6.B&(*<'1?.*-.'A 
)4"(&.')&* 6 "/"1"6'A" H'HB12/** <'1?.3; )"H&*-")%*4 7'%'4. , '&1*-*" '& 
H("#7")&6B:O*; *))1"#'6$.*A, #$..3A ("&(')H"%&*6.3A $.$1*> *>B-$1 6'>4'D.B: 
)62>? 4"D#B B('6."4 9S * )H"/*K*-")%'A $.&*R.#'&'%)*.'6'A &"($H*"A (+"4'H"(KB>*2 ) 
CL-,). I"H"(? *>6")&.', -&' 63)'%*A B('6".? 9S H'>6'12"& *#".&*K*/*('6$&? 
H'HB12/*: 63)'%'+' (*)%$, H("#)&$61"..B: <'1?.34* ) )"H&*-")%*4 7'%'4. F$ R&'4 
').'6$.** 43 4'D"4 ($))BD#$&? ' 6'>4'D.')&* H('6"#".*2 /"1".$H($61"..'+' 
64"7$&"1?)&6$, >$#$-$ %'&'('+' )')&'*& 6 B#$1".** R.#'&'%)*.$ *> '(+$.*>4$ <'1?.'+'. 
M-*&36$2 #$..'" '<)&'2&"1?)&6', (">B1?&$&3 .$7"+' *))1"#'6$.*2, 6 ($4%$; %'&'('+' 
<31' 63H'1.".' )($6.".*" (6." >$6*)*4')&* '& &*H$ *.K"%/**) #6B; )&($&"+*A 1"-".*2 
<'1?.3; ) )"H&*-")%*4 7'%'4 H(* 63)'%'4 B('6." 9S (&'1?%' &($#*/*'..$2 &"($H** 6 
)($6.".** ) &($#*/*'..'A &"($H*"A, #'H'1."..'A +"4'H"(KB>*"A ) CL-,), 
H'#&6"(D#$:& H'1'D*&"1?.3A RKK"%& $.&*R.#'&'%)*.'6'A &"($H**, ' -"4 
)6*#"&"1?)&6B"& <3)&('" * )BO")&6"..'" B1B-7".*" KB.%/** '(+$.'6 B H$/*".&'6 ) 
&2D"134 )"H&*-")%*4 7'%'4. F$)%'1?%' .$4 *>6")&.', R&' H"(63A 'H3& 
/"1".$H($61"..'+' *)H'1?>'6$.*2 +"4'H"(KB>** ) CL-, 6 H'HB12/** <'1?.3; ) 
63($D"..34 )"H&*-")%*4 7'%'4 (*);'#.$2 H'&("<.')&? 6 FJ!+9P! = 1,15 ± 0,51 
4%+/%+/4*.) * H'1*'(+$..'A ."#')&$&'-.')&?:. P12 H'#&6"(D#".*2 R&*; 
4.'+''<"O$:O*; #$..3; 6 H'HB12/** <'1?.3; ) 4"."" &2D"1'A H$&'1'+*"A, ."'<;'#*4' 
63H'1.*&? <'1"" %(BH.3" H(')H"%&*6.3" ($.#'4*>*('6$..3" *))1"#'6$.*2. 

=$
11
3

 

SOFA 2()$0(:963*+ ' ?A-J 
SOFA '%1"#1:%"1+ %(:10*+ 
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J<.$#"D*6$:O*" #$..3", )62>$..3" ) B4".?7".*"4 B('6.2 9S H')1" +"4'H"(KB>*'..'A 
&"($H** ) CL-,, &("<B:& H'#&6"(D#".*2 HB&"4 $.$1*>$ #*.$4*%* B('6.2 9S B 6)"; 
<'1?.3; ) 63)'%*4 B('6."4 9S .$ K'." )"H&*-")%'+' 7'%$. 

J78$#7 
8''&6"&)&6"..' #$..34, H("#)&$61"..34 6 .$B-.'A 1*&"($&B(", .$7" *))1"#'6$.*" 
H'%$>$1', -&' B('6".? 9S ." >$6*)*& '& ;$($%&"($ *1* *)&'-.*%$ *.K"%/**, .' '&($D$"& 
&2D")&? >$<'1"6$.*2 6 H'HB12/** &2D"1'<'1?.3; H$/*".&'6 ) )"H&*-")%*4 7'%'4. 
M('6".? 9S 4'D.' *)H'1?>'6$&? %$% 4$(%"( #12 )&($&*K*%$/** <'1?.3; ) )"H&*-")%*4 
7'%'4 *> +(BHH3 63)'%'+' (*)%$, *1* #12 H('+.'>*('6$.*2 <1$+'H(*2&.'+' ($>6*&*2 
)"H)*)$. JH("#"1".*" H'HB12/** 63)'%'+' (*)%$, H("#)&$61"..'A H$/*".&$4* ) 
)"H&*-")%*4 7'%'4, H' 63)'%'4B B('6.: 9S '&%(36$"& #6$ .'63; HB&* #12 #$1?."A7"A 
.$B-.'A ($<'&3. 
• L'D"& 1* #*$+.'> ")"H&*-")%*A 7'%" 6 <B#BO"4 ;$($%&"(*>'6$&?)2 %$% ")')&'2.*" ) 

63)'%*4 *1* .*>%*4 B('6."4 EAA™"? N('4" &'+', #'1D.$ 1* '/".%$ $%&*6.')&* 
R.#'&'%)*.$ <3&? -$)&?: )&$.#$(&.'+' %1*.*-")%'+' '<)1"#'6$.*2 <'1?.3; ) 
)"H&*-")%*4 7'%'4? 

• `"1")''<($>.' 1* B#$1".*" R.#'&'%)*.$ H(* )"H&*-")%'4 7'%" ) 63)'%*4 B('6."4 
9S? Q$6*)*& *1* ." >$6*)*& /"1")''<($>.')&? H(*4".".*2 $.&*R.#'&'%)*.'6'A 
&"($H** '& ;$($%&"($ *.K"%/**? 

P12 &'+' -&'<3 H'1B-*&? '&6"&3 .$ R&* 6'H(')3, ."'<;'#*4' H('6")&* #'H'1.*&"1?.3" 
*))1"#'6$.*2. 
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K#14("*( ,"#$%$&'*"1: -%$ "($HI$#*)$ #4+ 
$&$"-1%(4@"$2$ 0$#%8(:D#("*+ $H$'"$81""$'%* )(%$#1? 
51 ')("6 *''4(#$81"*; EUPHAS 0:*I$#*% *''4(#$81"*( 

EUPHRATES 
V$.-8"<$)&?2. !$7B$.$ · P"<($ @')&"(< · !. @*1*H P"11*.#D"($ 
$ L"#*/*.)%$2 7%'1$ !'<"(&$ ,B# PD'.)'.$, M.*6"()*&"& 4"#*/*.3 * )&'4$&'1'+** 7&$&$ F?:-PD"()*, 
'&#"1 4"#*/*.3, '&#"1".*" ("$.*4$/**, M.*6"()*&"&)%$2 %1*.*%$ NBH"(, +. N$4#"., 7&$& F?:-PD"()*, 
859 
< N'(H'($/*2 8H"%&($1 P*$+.')&*%), +. I'('.&', J.&$(*', N$.$#$ 
 

>(9(:1% 
N .$)&'2O"4B 4'4".&B .$%'H1".' #')&$&'-.'" %'1*-")&6' #$..3; *> ]H'.** * W6('H3, 
)6*#"&"1?)&6B:O*; 6 H'1?>B <">'H$).')&* +"4'H"(KB>** ) H'1*4*%)*.'4 , (CL-,) H(* 
1"-".** )"H&*-")%'+' 7'%$. N('4" &'+', )BO")&6B:& )6"#".*2, B%$>36$:O*" .$ 
H'&"./*$1?.B: RKK"%&*6.')&? R&'+' 4"&'#$, ;'&2 )''&6"&)&6B:O*" ($.#'4*>*('6$..3" 
%'.&('1*(B"43" *))1"#'6$.*2 ."4.'+'-*)1"..3 * ;$($%&"(*>B:&)2 H('&*6'("-*634* 
(">B1?&$&$4*. T"4'H"(KB>*2 ) CL-, H("#)&$612"& )'<'A .'63A H"()H"%&*6.3A 4"&'# 
1"-".*2, %'&'(3A )H')'<". '%$>$&? )BO")&6"..'" H'1'D*&"1?.'" 61*2.*" .$ 
63D*6$"4')&?. C("#7")&6B:O*" %1*.*-")%*" *))1"#'6$.*2 <31* H'#6"(+.B&3 %(*&*%" 6 
)62>* 4"&'#'1'+*-")%*4* ."#')&$&%$4*, &$%*4* %$% ."*)H'1?>'6$.*" )1"H'+' 4"&'#$, 
'/".%$ )B(('+$&.3; *);'#'6 * '&)B&)&6*" $.$1*>$ H'%$>$&"1"A '&#$1"..'A )4"(&.')&*. N 
#(B+*4 ."#')&$&%$4 4'D.' '&.")&* ."H')&'2.)&6' %'1*-")&6$ *)H'1?>'6$..3; 
%$(&(*#D"A, 63<'( B-$)&.*%'6 .$ ').'6$.** 6"('2&.'A R.#'&'%)"4** <"> 'H("#"1".*2 
B('6.2 $%&*6.')&* R.#'&'%)*.$, $ &$%D" 4$13" ($>4"(3 63<'('% H("*4BO")&6"..' 6 
'#.'/".&('63; *))1"#'6$.*2;. F'6'" *))1"#'6$.*" EUPHRATES ($.+1. Evaluating Use of 
Polymyxin Hemoperfusion in a Randomized Controlled Trial of Adults treated for Endotoxemia 
and Septic Shock; '/".%$ H(*4".".*2 +"4'H"(KB>** ) H'1*4*%)*.'4 , 6 ($4%$; 
($.#'4*>*('6$..'+' %'.&('1*(B"4'+' *))1"#'6$.*2 6 H'HB12/** 6>(')13; <'1?.3; ) 
R.#'&'%)"4*"A * )"H&*-")%*4 7'%'4) 1*7".' 4.'+*; 4"&'#'1'+*-")%*; ."#')&$&%'6 
H("#7")&6B:O*; *))1"#'6$.*A. S&' *))1"#'6$.*" )'>#$"& <1$+'H(*2&.3" B)1'6*2 #12 
*>B-".*2 %1*.*-")%'A RKK"%&*6.')&* $.&*R.#'&'%)*.'6'A &"($H** 6 H'HB12/** 
&2D"1'<'1?.3; H$/*".&'6, )&($#$:O*; )"H)*)'4. 

96&'()%*" H($6$ © (2010 +'#) H(*.$#1"D$& S. Karger AG, +. =$>"1? 

 

8"H)*) H("#)&$612"& )'<'A )"(?">.B: H('<1"4B #12 '<O")&6"..'+' >#($6'';($.".*2. , 
8'"#*."..3; 5&$&$; 94"(*%* "D"+'#.' ("+*)&(*(B:&)2 <'1"" 750000 )1B-$"6 )"H)*)$. 
200000 *> .*; >$%$.-*6$:&)2 1"&$1?.34 *);'#'4 [1]. U'&2 >$ H')1"#.*" #6$ #")2&*1"&*2 
B('6".? )4"(&.')&*, '<B)1'61"..'A )"H&*-")%*4 7'%'4, )BO")&6"..' ).*>*1)2, R&$ 
H$&'1'+*2 H'-H("D."4B 2612"&)2 .$*<'1"" ($)H(')&($."..'A H(*-*.'A )4"(&* H$/*".&'6, 
H("<36$:O*; .$ 1"-".** 6 '&#"1".*2; *.&".)*6.'A &"($H** [2]. , ($4%$; 
)"6"('$4"(*%$.)%'A %$4H$.** H' <'(?<" ) )"H)*)'4 ($.+1. surviving sepsis campaign, SSC) 
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<31 #')&*+.B& >.$-*&"1?.3A H('+(")) 6 )K"(" 1"-".*2 R&'+' >$<'1"6$.*2. S&'& H('+(")) 
'<B)1'61". *)H'1?>'6$.*"4 H($%&*-")%*; ("%'4".#$/*A, ').'6$..3; .$ H(*./*H$; 
#'%$>$&"1?.'A 4"#*/*.3, *, -&' "O" <'1"" 6$D.', 6."#(".*"4 K'(4$1?.'A H('+($443 
)'6"(7".)&6'6$.*2 H($%&*-")%'A ($<'&3 6 )K"(" 1"-".*2 )"H)*)$ (+(BHH'63" 
("%'4".#$/** SSC H' 1"-".*: )"H)*)$). F"#$6.' 'HB<1*%'6$..3" #$..3" B%$>36$:& .$ 
&', -&' R&$ H('+($44$ )H')'<)&6B"& >.$-*&"1?.'4B ).*D".*: B('6.2 )4"(&.')&* [3]. I"4 
." 4"."", )4"(&.')&? ')&$"&)2 '-".? 63)'%'A. 8("#.22 )&'*4')&? 1"-".*2 '#.'+' 
<'1?.'+' ) &2D"134 )"H)*)'4 )')&$612"&, H' 4".?7"A 4"(", 50000 #'11$('6 859, $ 
"D"+'#.3" >$&($&3 .$ 1"-".*" R&'+' >$<'1"6$.*2 6 8'"#*."..3; 5&$&$; #')&*+$:& 17 
4*11*$(#'6 #'11$('6 [1]. I$%*4 '<($>'4, *)H'1?>'6$.*" .'63; RKK"%&*6.3; 4"&'#'6 
1"-".*2 6 H'HB12/** <'1?.3;, #12 %'&'(3; 6")?4$ 6"('2&". H'1'D*&"1?.3A '&%1*%, 
4'D"& B1B-7*&? %1*.*-")%*A *);'# )"H)*)$ * ).*>*&? >$&($&3 .$ '%$>$.*" 4"#*/*.)%'A 
H'4'O*. 

O(-("*( '(0'*'1: 3"1-("*( E(4("10:184(""$. 1"%*,"#$%$&'*"$8$. %(:10** 
S.#'&'%)*. - R&' 1*H'H'1*)$;$(*# %1"&'-.'A )&".%* +($4'&(*/$&"1?.3; <$%&"(*A, 
%'&'(3A )&*4B1*(B"& *44B..3A '&6"& H')("#)&6'4 )62>36$.*2 ) &'11-H'#'<.34* 
("/"H&'($4* 4 &*H$. P'H'#1*..' *>6")&.', -&' R.#'&'%)*. 2612"&)2 '#.*4 *> .$*<'1"" 
)BO")&6"..3; K$%&'('6, >$HB)%$:O*; 6')H$1*&"1?.3A %$)%$# H(* )"H)*)" [4]. 
,.B&(*6"..'" 66"#".*" R.#'&'%)*.$ >#'('6'4B -"1'6"%B ."*>4"..' H('6'/*(B"& 
($>6*&*" )*)&"4.'+' 6')H$1*&"1?.'+' '&6"&$, %'&'(3A, 6 )6': '-"("#?, 4'D"& 
'&2+'O$&?)2 4*'%$(#*$1?.'A ."#')&$&'-.')&?:, ).*D".*"4 $(&"(*$1?.'+' #$61".*2, $ 6 
#$1?."A7"4 - H'1*'(+$..'A ."#')&$&'-.')&?: * )4"(&?: [5, 6]. 0>6")&.', -&' B 
&2D"1'<'1?.3; H$/*".&'6 H'637"..3A B('6".? R.#'&'%)*.$ %'(("1*(B"& ) H'637"..34 
(*)%'4 )4"(&* [7, 8]. 
C(*<1*>*&"1?.' B 80% <'1?.3; &2D"134 )"H)*)'4 'H("#"12"&)2 H'637"..'" 
)'#"(D$.*" R.#'&'%)*.$ 6 %('6*. J-".? 63)'%*A B('6".? R.#'&'%)*.$ ("+*)&(*(B"&)2, H' 
4".?7"A 4"(", B 30% &$%*; H$/*".&'6 [7]. C'637"..3A B('6".? R.#'&'%)*.$ 4'D.' 
'<.$(BD*&? H(* <$%&"(*'1'+*-")%* H'#&6"(D#"..'A +($4'&(*/$&"1?.'A *.K"%/**, H(* 
+($4H'1'D*&"1?.'A *.K"%/**, +(*<%'6'A *.K"%/**, $ &$%D" 6 #(B+*; )1B-$2; 
)"H&*-")%'+' 7'%$, %'+#$ *)&'-.*% *.K"%/** ." B)&$.'61". 4*%('<*'1'+*-")%*4* 
4"&'#$4* [7, 9, 10]. , &$%*; )1B-$2; H("#H'1$+$"&)2, -&' R.#'&'%)"4*2 '<B)1'61".$ 
H('.*%.'6".*"4 R.#'&'%)*.$ -"("> )1*>*)&B: '<'1'-%B %*7"-.*%$ 6 )*)&"4.3A 
%('6'&'% 6 B)1'6*2; 7'%$, +*H'%)"4** * .$(B7".*A )H1$.;.*-")%'+' %('6'&'%$ [4, 11]. 

`"1".$H($61"..$2 $.&*R.#'&'%)*.'6$2 &"($H*2 2612"&)2 H(*61"%$&"1?.34 4"&'#'4 
1"-".*2 H$/*".&'6 ) 63)'%*4 B('6."4 R.#'&'%)*.$ 6 %('6*. S&'& 4"&'# 4'D"& H'4'-? 
).*>*&? )4"(&.')&? 6 )''&6"&)&6B:O"A H'HB12/** <'1?.3; 6 8'"#*."..3; 5&$&$; [12]. 
, .$)&'2O"" 6("42 .$ &"((*&'(** 859 #')&BH". R%)H("))-4"&'# 'H("#"1".*2 $%&*6.')&* 
R.#'&'%)*.$ [7], $ 6 ]H'.** #12 B#$1".*2 R.#'&'%)*.$ $%&*6.' *)H'1?>B"&)2 
+"4'H"(KB>*'..3A %$(&(*#D ) *44'<*1*>*('6$..34 H'1*4*%)*.'4 , (CL-,). I$%*4 
'<($>'4, )BO")&6B"& 6'>4'D.')&? '<Y"#*.*&? R&* #6" &";.'1'+** #12 'H("#"1".*2 
RKK"%&$ $.&*R.#'&'%)*.'6'A &"($H** B <'1?.3; ) )"H&*-")%*4 7'%'4 * 63)'%*4 
B('6."4 $%&*6.')&* R.#'&'%)*.$. 
G07% 0:*)("("*+ 2()$0(:963** ' ?A-J 8 V0$"** 
CL-, - R&' 4'O.3A $.&*<*'&*%, %'&'(3A )H')'<". )62>36$&?)2 ) 1*H*#'4 9 R.#'&'%)*.$ 
[13]. ,.B&(*6"..'" H(*4".".*" CL-, )'H(2D".' ) (*)%'4 ."A('&'%)*-.')&* * 
."K('&'%)*-.')&* [14]. I"4 ." 4"."", R&* ."D"1$&"1?.3" RKK"%&3 ." H('2612:&)2, %'+#$ 
CL-, *44'<*1*>*('6$. * KB.%/*'.*(B"& 6 %$-")&6" 1*+$.#$ 6 +"4'H"(KB>*'..'A 
%'1'.%", >$H'1."..'A $#)'(<".&'4. , %'1'.%" CL-, R%)&($%'(H'($1?.' )62>36$"& 
R.#'&'%)*. * B#$12"& "+' *> %('6'&'%$ [15]. 
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J& 4'4".&$ 'HB<1*%'6$.*2 H"(6'+' '&-"&$ ' %1*.*-")%'4 H(*4".".** +"4'H"(KB>** ) 
CL-, 6 1994 +'#B [16], <31* 'HB<1*%'6$.3 <'1"" 50 )&$&"A, 6 %'&'(3; 'H*)$.' 
*)H'1?>'6$.*" #$..'+' 4"&'#$ #12 1"-".*2 )637" 1400 &2D"1'<'1?.3; H$/*".&'6. L"&'# 
+"4'H"(KB>** ) CL-, 'K*/*$1?.' ($>("7". 6 ]H'.** ) 1993 +'#$, $ 6 W6('H" - ) 1998 
+'#$. Q$ H')1"#.*" 15 1"& <'1"" 70000 <'1?.3; H'1B-*1* )"$.)3 +"4'H"(KB>** ) CL-, .$ 
&"((*&'(** ]H'.** * 0&$1**. 
0>6")&.', -&' +"4'H"(KB>*'..$2 &"($H*2 ) CL-, '<")H"-*6$"& ).*D".*" %'./".&($/** 
R.#'&'%)*.$ 6 %('6* <'1?.3; ) )"H&*-")%*4 7'%'4. N('4" &'+', H' #$..34 *))1"#'6$.*A, 
63H'1."..3; 6 -"1'6"-")%'A H'HB12/**, B#$1".*" R.#'&'%)*.$ ("+B1*(B"& 
6')H$1*&"1?.3A '&6"& >$ )-"& ).*D".*2 B('6.2 /*&'%*.'6, &$%*; %$% K$%&'( ."%('>$ 
'HB;'1* ($.+1. tumor necrosis factor, TNF) * *.&"(1"A%*.-6 ($.+1. interleukin-6, IL-6) [17]. 

, 2003 +'#B Nakamura * )'$6&. [18] 'HB<1*%'6$1* (">B1?&$&3 )$4'+' %(BH.'+' .$ 
)"+'#.27.*A #".? *))1"#'6$.*2, H')62O"..'+' +"4'H"(KB>*'..'A &"($H** ) CL-,. , 
R&'4 '&%(3&'4 %'.&('1*(B"4'4 *))1"#'6$.** H(*.21* B-$)&*" 314 <'1?.3; &2D"134 
)"H)*)'4. 0> .*;, 206 H$/*".&$4 <31$ H'%$>$.$ +"4'H"(KB>*'..$2 &"($H*2 ) CL-,. 
J).'6$.*"4 #12 "" H(*4".".*2 )1BD*1$ <$%&"(*'1'+*-")%* H'#&6"(D#"..$2 *.K"%/*2 
*1* H'637"..$2 %'./".&($/*2 R.#'&'%)*.$ 6 %('6*, .$(2#B ) ."#')&$&'-.')&?: '#.'+' 
'(+$.$. C("#)&$6*&"1* +(BHH3 +"4'H"(KB>*'..'A &"($H** H'1B-*1* #6$ )"$.)$ 
+"4'H"(KB>** >$ 24 -$)$. M('6".? 28-#."6.'A )4"(&.')&* 6 R&'A +(BHH" #')&*+$1 32%, 
&'+#$ %$% 6 +(BHH" H$/*".&'6, H'1B-$67*; &($#*/*'..B: &"($H*:, #$..3A H'%$>$&"1? 
)')&$6*1 67% (( < 0,01). C')1" +"4'H"(KB>**, B <'1?.3; )"H)*)'4 .$<1:#$1')? 
>.$-*&"1?.'" B1B-7".*" &$%*; H'%$>$&"1"A, %$% B('6".? $(&"(*$1?.'+' #$61".*2, -$)&'&$ 
)"(#"-.3; )'%($O".*A, &"4H"($&B($ &"1$ * )''&.'7".*" PO2/FiO2 (( < 0,05). N('4" &'+', 
B &$%*; H$/*".&'6 ("+*)&(*('6$1')? )BO")&6"..'" ).*D".*" B('6.2 R.#'&'%)*.$ * 
4"#*$&'('6 6')H$1".*2 6 %('6* (IL-6, TNF, R.#'&"1*.-1, ($)&6'(*43" ("/"H&'(3 IL-2 * 
&('4<'/*&$(.3A K$%&'(-4) (( < 0,05 #12 6)"; 4"#*$&'('6). 
, ($4%$; '#.'/".&('6'+' *))1"#'6$.*2, 63H'1."..'+' 6 ]H'.**, Nemoto * )'$6&. [19] 6 
)1B-$A.'4 H'(2#%" ($)H("#"1*1* 98 H$/*".&'6 6 +(BHH3 +"4'H"(KB>*'..'A &"($H** ) 
CL-, (n = 54) * &($#*/*'..'A &"($H** (n = 44). J<O*A 28-#."6.3A B('6".? 
63D*6$"4')&* #')&*+$1 41% 6 +(BHH" +"4'H"(KB>*'..'A &"($H** ) CL-,, &'+#$ %$% 6 
+(BHH" )&$.#$(&.'A &"($H** R&'& H'%$>$&"1? )')&$6*1 11% (( < 0,002). L"D#B +(BHH$4* 
'&)B&)&6'6$1$ )BO")&6"..$2 ($>.*/$ 6 )("#."A '/".%" H' 7%$1" APACHE II. I"4 ." 
4"."", H'#+(BHH'6'A $.$1*> )4"(&.')&*, ').'6$..3A .$ H'+($.*-.'A <$11?.'A '/".%" H' 
7%$1" APACHE II, )')&$612:O"A 30 <$11'6, H'%$>$1, -&' 6 H'#+(BHH" <'1?.3; ) '/".%'A 
>30 <$11'6 +"4'H"(KB>*'..$2 &"($H*2 ) CL-, ." '%$>36$1$ )BO")&6"..'+' 
H'1'D*&"1?.'+' 61*2.*2 .$ H'%$>$&"1* 63D*6$"4')&* (7 H('&*6 0%; ( = 0,59). J#.$%', 6 
R&'4 *))1"#'6$.** +"4'H"(KB>*2 ) CL-, )H')'<)&6'6$1$ >.$-*&"1?.'4B ).*D".*: 
B('6.2 R.#'&'%)*.$ 6 %('6* 6)"; H$/*".&'6 () 38,6 ± 5,7 #' 21,4 ± 2,0 H+/41; ( = 0,006), $ 
&$%D" 63($D"..'4B B1B-7".*: H'%$>$&"1"A )("#."+' $(&"(*$1?.'+' #$61".*2 B 
H$/*".&'6 ) <$11?.'A '/".%'A H' 7%$1" APACHE II <30. , H'HB12/** <'1?.3; ) '/".%'A 
H' 7%$1" APACHE II <30 <$11'6 ("+*)&(*('6$1*)? <'1"" <1$+'H(*2&.3" *);'#3, -"4 6 
H'HB12/** H$/*".&'6 ) '/".%'A >30 <$11'6. 81"#'6$&"1?.', B H$/*".&'6 ) 63($D"..34* 
.$(B7".*24* H'1'D*&"1?.3" RKK"%&3 &"($H** 4'+B& ." H('26*&?)2. N ."#')&$&%$4 R&'+' 
*))1"#'6$.*2 4'D.' '&.")&* ."<'1?7'" -*)1' .$<1:#".*A, $ &$%D" >.$-*&"1?.'" 
%'1*-")&6' K$%&'('6, )H')'<.3; H'61*2&? .$ (">B1?&$&3 *))1"#'6$.*2. 

Cruz * )'$6&. [17] 63H'1.*1* )*)&"4$&*-")%*A '<>'( *))1"#'6$.*A, H')62O"..3; '/".%" 
RKK"%&'6 +"4'H"(KB>*'..'A &"($H** ) CL-, 6 H'HB12/** <'1?.3; )"H)*)'4. L"&$-
$.$1*> ';6$&36$"& 28 ($<'&, 'HB<1*%'6$..3; 6 H"(*'# ) 1998 +'#$ H' 2006 +'#. J<O*A 
($>4"( 63<'(%* )')&$6*1 1425 H$/*".&'6. 978 *> .*; H'1B-$1* +"4'H"(KB>*'..B: 
&"($H*: ) CL-,, $ 447 - &'1?%' &($#*/*'..B: &"($H*:. J).'6.34 .$<1:#".*"4 <31' 
&', -&' +"4'H"(KB>*'..$2 &"($H*2 ) CL-, ;$($%&"(*>'6$1$)? >.$-*&"1?.' 4".?7*4 
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B('6."4 6.B&(*<'1?.*-.'A )4"(&.')&* (61,5% 6 +(BHH" &($#*/*'..'A &"($H** H('&*6 
33,5% 6 +(BHH" +"4'H"(KB>*'..'A &"($H** ) CL-,; '&.')*&"1?.3A (*)%: 0,53, 95% 
#'6"(*&"1?.3A *.&"(6$1 (P0): 0,43-0,65, ( < 0,001). 8&'1? 63($D"..'" ).*D".*" 
)4"(&.')&* )'H('6'D#$1')? )BO")&6"..34 B1B-7".*"4 +"4'#*.$4*-")%*; H'%$>$&"1"A, 
6 -$)&.')&* B6"1*-".*"4 B('6.2 )("#."+' $(&"(*$1?.'+' #$61".*2 .$ 19 44 (&. )&. (95% 
P0: 15-22, ( < 0,001) * B4".?7".*"4 #'>3 6$>'H("))'('6 .$ 1,8 4%+/%+/4*. (95% P0: 0,4-
3,3, ( = 0,01) H')1" +"4'H"(KB>**. N('4" &'+', )("#.*A H'%$>$&"1? )''&.'7".*2 PO2/FiO2 
6'>(') .$ 32 "#*.*/3 (95% P0: 23-41, ( < 0,001). J<Y"#*."..$2 '/".%$ H'%$>$1$, -&' 
H')1" +"4'H"(KB>*'..'A &"($H** ) CL-, B('6".? R.#'&'%)*.$ 6 %('6* ).*>*1)2 .$ 21,2 
H+/41 (95% P0: 17,5-24,9), -&' )''&6"&)&6B"& B4".?7".*: .$ 33-80% H' )($6.".*: ) 
*);'#.34 B('6."4. S&'& '<>'( .$B-.3; HB<1*%$/*A H'>6'1*1 )#"1$&? 636'#, -&' CL-,, 
)B#2 H' 6)"4B, '<1$#$"& H'1'D*&"1?.34 61*2.*"4 .$ ').'6.3" K*>*'1'+*-")%*" 
H'%$>$&"1*, $ &$%D" .$ H'%$>$&"1* )4"(&.')&*. 

G07% 0:*)("("*+ 2()$0(:963** ' ?A-J 8 W8:$0( 
M(./D,'6)/, D1*/9%/, 166*,+/("%1, 0,=/D,.-#;1/%%/' 9,."D11 6 58-> D.1 6,D616, 6 
(%#9.1?.2E%/' 1%-,)H1,' 
!">B1?&$&3 "6('H"A)%'+' 4.'+'/".&('6'+' ($.#'4*>*('6$..'+' *))1"#'6$.*2 
+"4'H"(KB>*'..'A &"($H** ) CL-, H(* $<#'4*.$1?.'4 )"H)*)" )6*#"&"1?)&6B:& ' &'4, 
-&' R&$ K'(4$ R%)&($%'(H'($1?.'A &"($H** )H')'<)&6B"& B1B-7".*: K*>*'1'+*-")%*; 
H'%$>$&"1"A, .' ." '%$>36$"& 61*2.*2 .$ B('6".? )4"(&.')&* [20]. 8"4.$#/$&* (*> 36) 
H$/*".&$4 ) $<#'4*.$1?.34 )"H)*)'4 6 H')1"'H"($/*'..'4 H"(*'#" <31$ .$>.$-".$ 
+"4'H"(KB>*'..$2 &"($H*2 ) CL-,. , ($4%$; R&'+' *))1"#'6$.*2 H$/*".&3 H'1B-*1* 
&'1?%' H' '#.'4B )"$.)B +"4'H"(KB>*'..'A &"($H** ) CL-,. M('6".? R.#'&'%)*.$ ." 
*)H'1?>'6$1)2 6 %$-")&6" %(*&"(*2 6%1:-".*2. C' #$..34 &")&$, ').'6$..'+' .$ 
H(*4".".** 1*>$&$ $4"<'/*&'6 4"-";6')&$, )BO")&6"..'+' ).*D".*2 %'./".&($/** 
R.#'&'%)*.$ 6 %('6* H$/*".&'6 ." .$<1:#$1')?. F" B 6)"; H$/*".&'6 %'./".&($/*2 
R.#'&'%)*.$ <31$ H'637".$ *);'#.'. N('4" &'+', B('6".? R.#'&'%)*.$ 6$(?*('6$1 
4"D#B +(BHH$4* 6 7*('%*; H("#"1$; .$ 6)"; 6("4"..3; '&4"&%$;. 
P12 6)"; H$/*".&'6, H'1B-*67*; )"$.) +"4'H"(KB>*'..'A &"($H** ) CL-,, .$ 6&'('A 
#".? <31' >$("+*)&(*('6$.' B6"1*-".*" )("#."+' $(&"(*$1?.'+' #$61".*2 .$ 6 ± 13,6 44 
(&. )&. H' )($6.".*: ) *);'#.34 B('6."4 (( = 0,006). M('6".? )4"(&.')&* #')&*+$1 28% 
(5/18) 6 %'.&('1?.'A +(BHH", * 29% (5/17) 6 +(BHH" +"4'H"(KB>*'..'A &"($H** ) CL-,. 
96&'(3 H(*71* % >$%1:-".*:, -&' +"4'H"(KB>*2 ) CL-, <31$ <">'H$).$, ." 
)'H('6'D#$1$)? ($>6*&*"4 )"(?">.3; ."D"1$&"1?.3; 261".*A, $ &$%D" ;$($%&"(*>'6$1$)? 
B1B-7".*"4 +"4'#*.$4*-")%*; H'%$>$&"1"A * KB.%/** )"(#/$. J+($.*-".*"4 R&'+' 
*))1"#'6$.*2 2612"&)2 *)H'1?>'6$.*" '#.'+' )"$.)$ +"4'H"(KB>** #12 %$D#'+' H$/*".&$, 
-"+' 4'+1' <3&? ."#')&$&'-.' #12 'H&*4$1?.'+' B#$1".*2 R.#'&'%)*.$ *> %('6'&'%$ 
<'1?.3;. C(* '&)B&)&6** H"(6*-.'+' %'.&('12 )'#"(D$.*2 R.#'&'%)*.$, B ."%'&'(3; 
H$/*".&'6, H'1B-*67*; )"$.) +"4'H"(KB>** ) CL-,, %'./".&($/*2 R.#'&'%)*.$ 6 %('6* 
<31$ ."63)'%'A. 
4"%%,, D.1=,%,%1, 0,=/D,.-#;11 6 D/*1=1)61%/= > D.1 "?+/=1%"*7%/= 6,D91$,6)/= 
E/), - 166*,+/("%1, EUPHAS 
F"#$6.' 'HB<1*%'6$..3" (">B1?&$&3 4.'+'/".&('6'+' ($.#'4*>*('6$..'+' 
%1*.*-")%'+' *))1"#'6$.*2 (.$>6$.*": ($.."" H(*4".".*" +"4'H"(KB>** ) H'1*4*%)*.'4 
, H(* $<#'4*.$1?.'4 )"H&*-")%'4 7'%" [$.+1. Early Use of Polymyxin B Hemoperfusion in 
Abdominal Septic Shock, EUPHAS], *#".&*K*%$/*'..3A .'4"( .$ ClinicalTrials.gov: 
NCT00629382) )6*#"&"1?)&6B:&, -&' 6 H'HB12/** *> 64 H$/*".&'6 ) &2D"134 )"H)*)'4 * 
)"H&*-")%*4 7'%'4 .$ K'." 6.B&(*<(:7.'A *.K"%/** +"4'H"(KB>*'..$2 &"($H*2 ) CL-
,, #'H'1.2:O$2 &($#*/*'..B: );"4B 1"-".*2, )H')'<)&6'6$1$ %1*.*-")%* >.$-*4'4B 
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B4".?7".*: B('6.2 28-#."6.'A )4"(&.')&* (32% 6 +(BHH" +"4'H"(KB>*'..'A &"($H** ) 
CL-, H('&*6 53% 6 +(BHH" &($#*/*'..'A &"($H**; ."%'((*+*('6$..'" '&.'7".*" (*)%'6 
[J!]: 0,42, 95% P0: 0,20-0,94; %'((*+*('6$..'" J!: 0,36, 95% P0: 0.16-0,80; ( = 0,012) 
[21]. N('4" &'+', .$ 72 -$)B 6 +(BHH" H$/*".&'6, H'1B-$67*; +"4'H"(KB>*'..B: &"($H*: 
) CL-,, <31' '<.$(BD".' )&$&*)&*-")%* )BO")&6"..'" B1B-7".*" <$11?.'A 
%'4H1"%).'A '/".%* 63($D"..')&* '(+$..'A ."#')&$&'-.')&* (#"1?&$ '/".%* H' 7%$1" 
SOFA [($>.*/$ 4"D#B 4$%)*4$1?.'A * *);'#.'A '/".%'A H' 7%$1" SOFA] #')&*+$1$ -3,4 
[95% P0: '& -4,4 #' -2,4]) H' )($6.".*: ) +(BHH'A &($#*/*'..'A &"($H** (-0,1 [95% P0: 
'& -1,7 #' 1,5]; ( < 0,001). M H$/*".&'6, H'1B-$67*; CL-,, .$<1:#$1')? %1*.*-")%* * 
)&$&*)&*-")%* )BO")&6"..'" B6"1*-".*" B('6.2 )("#."+' $(&"(*$1?.'+' #$61".*2 (76-84 
44 (&. )&., ( = 0,001), &'+#$ %$% H'&("<.')&? 6 6$>'H("))'($; >.$-*&"1?.' ).*>*1$)?. 

C'HB12/*2 H$/*".&'6 ) 6.B&(*<(:7.34 *)&'-.*%'4 )"H)*)$ <31$ *><($.$ 6 )62>* ) &"4, 
-&' #12 "" H("#)&$6*&"1"A .$*<'1"" 6"('2&.$ H'637"..$2 %'./".&($/*2 R.#'&'%)*.$ 6 
%('6*. I"4 ." 4"."", B('6".? $%&*6.')&* R.#'&'%)*.$ ." 'H("#"121)2. 
0);'#.' H("#H'1$+$1')?, -&' '<O*A ($>4"( 63<'(%* 6 #$..'4 *))1"#'6$.** <B#"& 
.$)-*&36$&? 120 H$/*".&'6 (60 H("#)&$6*&"1"A &"($H"6&*-")%'A +(BHH3 * 60 
H("#)&$6*&"1"A %'.&('1?.'A +(BHH3). 

, H"(*'# ) #"%$<(2 2004 +'#$ H' #"%$<(? 2007 +'#$ 6 *))1"#'6$.** H(*.21* B-$)&*" 64 
H$/*".&$ *> 10 %1*.*% 0&$1**. I"4 ." 4"."", .$ ').'6$.** (">B1?&$&'6 >$H1$.*('6$..'+' 
H('4"DB&'-.'+' $.$1*>$ *))1"#'6$.*" <31' H("D#"6("4"..' H("%($O".'. F$ &'& 4'4".& 
6 %$D#B: +(BHHB <31* 6%1:-".3 30 H$/*".&'6. F$<1:#".*" >$ R&*4* H$/*".&$4* 
')BO")&6121')? 6H1'&? #' 63H*)%*. !B%'6'#*&"1? %1*.*-")%'+' %'4*&"&$ H' R&*%" 
6"#BO"+' *))1"#'6$&"1?)%'+' /".&($ >$26*1, -&' <B#"& ."R&*-.' H('#'1D$&? #$..'" 
*))1"#'6$.*", B-*&36$2 H'&"./*$1?.B: H'1?>B &"($H** #12 <'1?.3; *> +(BHH3 63)'%'+' 
(*)%$. S&' ("7".*" ." ')H$(*6$1')?. 

8'+1$).' (">B1?&$&$4 #$..'+' *))1"#'6$.*2, B('6".? 28-#."6.'A )4"(&.')&* #')&*+$1 
32% (11/34) 6 +(BHH" +"4'H"(KB>*'..'A &"($H** ) CL-,, * 53% 6 +(BHH" &($#*/*'..'A 
&"($H** (16/30). C')1" H'H($6%* .$ <$11?.B: '/".%B H' 7%$1" SOFA, <31' B)&$.'61".', 
-&' 6 +(BHH" +"4'H"(KB>*'..'A &"($H** )BO")&6"..' ).*>*1)2 B('6".? 28-#."6.'A 
)4"(&.')&* (%'((*+*('6$..'" J!: 0,36, 95% P0: 0,16-0,80, ( = 0,012). C'1'D*&"1?.'" 
61*2.*" &"($H** .$ H'%$>$&"1* )4"(&.')&* H'##"(D*6$1')? '& 28 #.2 #' 63H*)%*. 

S&' <31' .$*<'1"" %(BH.'" *))1"#'6$.*" +"4'H"(KB>*'..'A &"($H** ) CL-,, 
63H'1."..'" >$ H("#"1$4* ]H'.** 6 H'HB12/** <'1?.3; ) )"H&*-")%*4 7'%'4. P12 
H$/*".&'6, H'1B-$67*; )H"/*K*-")%B: $.&*R.#'&'%)*.'6B: &"($H*:, <31' 
>$("+*)&(*('6$.' $<)'1:&.'" ).*D".*" (*)%$ )4"(&* 6 )&$/*'.$(" .$ 21% 
('&.')*&"1?.'" ).*D".*" (*)%$: 39,6%). S&* #$..3" )'+1$)B:&)2 ) (">B1?&$&$4* #(B+*; 
*))1"#'6$.*A, %'&'(3" <31* 63H'1.".3 6 ($>.''<($>.3; H'HB12/*2; H$/*".&'6 * 
'H*)$.3 6 637"BH'42.B&'4 4"&$-$.$1*>" Cruz * )'$6&. [17]. 
G07% 0:(#/('%86;F*I *''4(#$81"*. * 0(:'0(&%*8"7( "10:184("*+ 
0))1"#'6$.*" EUPHRATES ($.+1. Evaluating Use of Polymyxin Hemoperfusion in a 
Randomized Controlled Trial of Adults treated for Endotoxemia and Septic Shock; '/".%$ 
H(*4".".*2 +"4'H"(KB>** ) H'1*4*%)*.'4 , 6 ($4%$; ($.#'4*>*('6$..'+' 
%'.&('1*(B"4'+' *))1"#'6$.*2 6 H'HB12/** 6>(')13; <'1?.3; ) R.#'&'%)"4*"A * 
)"H&*-")%*4 7'%'4) - R&' ($.#'4*>*('6$..'" %'.&('1*(B"4'" *))1"#'6$.*", %'&'('" 
>$H1$.*('6$.' #12 *>B-".*2 <">'H$).')&* * RKK"%&*6.')&* +"4'H"(KB>*'..'A &"($H** ) 
CL-,. S&' *))1"#'6$.*" #'1D.' '&("$+*('6$&? .$ H("#7")&6B:O*" %(*&*-")%*" 
>$4"-$.*2, )62>$..3" ) /"1")''<($>.')&?: %1*.*-")%'+' H(*4".".*2 +"4'H"(KB>** ) 
CL-, H(* )"H&*-")%'4 7'%". 



109                                                                                      M#$1".*" R.#'&'%)*.$. !$7B$. · @')&"( · P"11*.#D"( 

J#.*4 *> ').'6.3; 4"&'#'1'+*-")%*; ."#')&$&%'6 H("#7")&6B:O*; *))1"#'6$.*A <31' 
'&)B&)&6*" )1"H'+' 4"&'#$. , )62>* ) &"4, -&' 6)" R&* *))1"#'6$.*2 .')*1* ;$($%&"( 
'&%(3&3;, )BO")&6'6$1 (*)% H'+("7.')&*, "*)%B))&6"..' H('1'.+*(B:O"A" 
63D*6$"4')&? H$/*".&'6, %'&'(3" H'1B-$1* )''&6"&)&6B:OB: &"($H*:. , H('71'4, 
*)H'1?>'6$.*" )1"H'+' 4"&'#$ H("#)&$6121' )'<'A H('<1"4B. C(*-*.'A &'4B )1BD*1* 
R&*-")%*" $)H"%&3, )62>$..3" ) *)H'1?>'6$.*"4 1'D.'+' %'.&('12. I"4 ." 4"."", 6 
($4%$; *))1"#'6$.*2 EUPHRATES <B#"& H("#H(*.2&$ H'H3&%$ 6."#(*&? )1"H'A 4"&'# 
#12 1*/, H(*.*4$:O*; (B%'6'#2O*" ("7".*2, ) H'4'O?: )'6("4"..'A 4"&'#*%*, ." 
&("<B:O"A *)H'1?>'6$.*2 1'D.'+' %'.&('12. P(B+*4 6$D.34 ."#')&$&%'4 *))1"#'6$.*2 
EUPHAS * H('-*; H("#7")&6B:O*; *))1"#'6$.*A +"4'H"(KB>*'..'A &"($H** ) CL-, 
2612"&)2 %($&%')('-.$2 '/".%$ )4"(&.')&* * #(B+*; )B(('+$&.3; H'%$>$&"1"A. 0> -*)1$ 
<'1"" -"4 50 'HB<1*%'6$..3; *))1"#'6$.*A, &'1?%' 6 #6B; *)H'1?>'6$1)2 H'%$>$&"1? 
)4"(&.')&* >$ H"(*'#, H("637$:O*A 30 #."A [22-23] (60 #."A). , #"A)&6*&"1?.')&*, 6 
<'1?7*.)&6" *))1"#'6$.*A H(*4".21*)? )B(('+$&.3" H'%$>$&"1*, &$%*" %$% B1B-7".*" 
+"4'#*.$4*%* * H'1'D*&"1?.'" 61*2.*" .$ KB.%/*: '(+$.'6. U'&2 ').'6.34 
H'%$>$&"1"4 *);'#$ 6 *))1"#'6$.** EUPHRATES <B#"& B('6".? 28-#."6.'A )4"(&.')&*, 
#'H'1.*&"1?.' #'1D.$ '/".*6$&?)2 )4"(&.')&? >$ H"(*'# #' 1 +'#$. 

, H("#7")&6B:O*; *))1"#'6$.*2; *)H'1?>'6$1')? ($>1*-.'" %'1*-")&6' )"$.)'6 
+"4'H"(KB>**. U'&2 ').'6.$2 -$)&? #'%1*.*-")%*; #$..3;, .$(2#B ) (">B1?&$&$4* 
*))1"#'6$.*A, H('6"#"..3; .$ &"((*&'(** ]H'.**, 'H*)36$"& H(*4".".*" #6B; )"$.)'6 
+"4'H"(KB>**, 6 ($4%$; "6('H"A)%'+' H*1'&.'+' *))1"#'6$.*2, 63H'1."..'+' Vincent * 
)'$6&. [20], *)H'1?>'6$1)2 &'1?%' '#*. )"$.) +"4'H"(KB>*'..'A &"($H**. C'#'<.' 
*))1"#'6$.*: EUPHAS, 6 *))1"#'6$.** EUPHRATES H1$.*(B"&)2 H('6'#*&? #6$ )"$.)$ 
+"4'H"(KB>** #12 %$D#'+' H$/*".&$. 
J#.$ *> %1*.*-")%*; &(B#.')&"A, H("H2&)&6'6$67*; H'#&6"(D#".*: B)H"7.'+' 
H('6"#".*2 $.&*R.#'&'%)*.'6'A &"($H**, >$%1:-$1$)? 6 #*$+.')&*%" R.#'&'%)"4** B 
H$/*".&'6, %'&'(3" H(*.*4$1* B-$)&*" 6 *))1"#'6$.*2; ."A&($1*>$/** *1* B#$1".*2 
R.#'&'%)*.$ [24]. F* 6 '#.'4 *> H("#3#BO*; *))1"#'6$.*A ." 63H'1.21')? 'H("#"1".*" 
B('6.2 R.#'&'%)*.$ 6 %('6* 6 %$-")&6" %(*&"(*2 6%1:-".*2 *1* 4'.*&'(*.+$, H')%'1?%B 
)''&6"&)&6B:O*A 4"&'# ." <31 7*('%' #')&BH". .$ 4'4".& H('6"#".*2 R&*; 
*))1"#'6$.*A. 0))1"#'6$.*" EUPHAS * "6('H"A)%'" H*1'&.'" *))1"#'6$.*" <31* 
)H('"%&*('6$.3 &$%*4 '<($>'4, -&'<3 '<'+$&*&? *))1"#B"4B: H'HB12/*: <'1?.34* ) 
6"('2&.'A R.#'&'%)"4*"A. , )62>* ) R&*4, #12 B-$)&*2 6 #$..3; *))1"#'6$.*2; <31* 
'&'<($.3 <'1?.3" )"H)*)'4, ($>6*67*4)2 H')1" $<#'4*.$1?.'+' ;*(B(+*-")%'+' 
64"7$&"1?)&6$, * H$/*".&3 ) 63)'%'A 6"('2&.')&?: +($4'&(*/$&"1?.'A *.K"%/**. I"4 
." 4"."", H("#H(*.2&3" B)*1*2 ." H(*6"1* % K'(4*('6$.*: +'4'+"..'A H'HB12/** 6 
$)H"%&" R.#'&'%)"4**, ' -"4 )6*#"&"1?)&6B:& (">B1?&$&3 "6('H"A)%'+' H*1'&.'+' 
*))1"#'6$.*2, 6 ($4%$; %'&'('+' H'1'D*&"1?.'" 61*2.*" &"($H** .$ H'%$>$&"1* 
)4"(&.')&* 4'+1' *)%$>*&?)2 6 )62>* ) B-$)&*"4 <'1?.3; <"> R.#'&'%)"4**. 

, 2003 +'#B MH($61".*" H' %'.&('1: %$-")&6$ H*O"63; H('#B%&'6, 4"#*%$4".&'6 * 
%')4"&*-")%*; )("#)&6 85A ($.+1. Food and Drug Administration, FDA) )$.%/*'.*('6$1' 
*)H'1?>'6$.*" &")&$ .$ $%&*6.')&? R.#'&'%)*.$ ($.+1. Endotoxin Activity Assay, EAA™) 
(K021885). P' R&'+' 6("4".* '&)B&)&6'6$1* B&6"(D#"..3" FDA 4"&'#3 'H("#"1".*2 
$%&*6.')&* R.#'&'%)*.$ B <'1?.3;. , .$)&'2O"" 6("42, R&'& 4"&'# 4'D.' *)H'1?>'6$&? 
#12 *#".&*K*%$/** 63)'%'+' B('6.2 R.#'&'%)*.$ 6 %('6* H$/*".&'6, )&($#$:O*; 
)"H)*)'4. EAA™ *)H'1?>'6$1)2 6 ($4%$; %(BH.'+' 4.'+'/".&('6'+' '<)"(6$/*'..'+' 
*))1"#'6$.*2 R.#'&'%)"4** B &2D"1'<'1?.3; H$/*".&'6 [7]. =31' B)&$.'61".', -&' 
63)'%*A B('6".? R.#'&'%)*.$ 4'D.' '<.$(BD*&? B <'1?.3; ) H'#&6"(D#"..'A 
+($4'&(*/$&"1?.'A * +($4H'1'D*&"1?.'A *.K"%/*"A, $ &$%D" B H$/*".&'6 ) 
'&(*/$&"1?.34 (">B1?&$&'4 <$%&"(*'1'+*-")%'+' *))1"#'6$.*2. , H')1"#."4 )1B-$", 
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R.#'&'%)"4*2 4'D"& <3&? )62>$.$ ) &($.)1'%$/*"A R.#'&'%)*.$ *> D"1B#'-.'-%*7"-.'+' 
&($%&$. 
C')%'1?%B H("#H'1$+$"&)2, -&' +"4'H"(KB>*2 ) CL-, B1B-7$"& *);'# <'1">.* <1$+'#$(2 
B#$1".*: R.#'&'%)*.$ *> )*)&"4.'+' %('6'&'%$, H$/*".&3 ) <"> R.#'&'%)*.$ *1* <'1?.3" 
) .*>%*4 B('6."4 R.#'&'%)*.$ 6 %('6* ." H'#1"D$& 6%1:-".*: 6 *))1"#'6$.*" 
EUPHRATES. P12 &'+' -&'<3 '<")H"-*&? RKK"%&*6.'" K'(4*('6$.*" H'HB12/** R&'+' 
*))1"#'6$.*2, H1$.*(B"&)2 *)H'1?>'6$&? #6B;R&$H.B: H('/"#B(B '&<'($ B-$)&.*%'6. ,)" 
H$/*".&3, B#'61"&6'(2:O*" H("#'H("#"1"..34 %(*&"(*24 )"H&*-")%'+' 7'%$, H('A#B& 
&")& .$ $%&*6.')&? R.#'&'%)*.$ (EAA™). , H('/")) ($.#'4*>$/** <B#B& 6%1:-".3 
&'1?%' &" H$/*".&3, #12 %'&'(3; H'#&6"(#*&)2 63)'%*A B('6".? R.#'&'%)*.$ 6 %('6*. 
0 .$%'."/, #12 &'+' -&'<3 *><"D$&? ."#')&$&%'6, )62>$..3; ) 4$134 -*)1'4 B-$)&.*%'6 
.$ <$>" '&#"1?.3; *))1"#'6$&"1?)%*; /".&('6, *))1"#'6$.*" EUPHRATES >$H1$.*('6$.' 
%$% %(BH."A7"" 4.'+'/".&('6'" *))1"#'6$.*" R%)&($%'(H'($1?.'A &"($H** 6 H'HB12/** 
<'1?.3; )"H)*)'4. 
J78$#7 
T"4'H"(KB>*2 ) CL-, 2612"&)2 H"()H"%&*6.34 4"&'#'4 1"-".*2 <'1?.3; ) )"H&*-")%*4 
7'%'4 * H'#&6"(D#"..'A 63)'%'A $%&*6.')&?: R.#'&'%)*.$. !">B1?&$&3 
H("#7")&6B:O*; *))1"#'6$.*A )6*#"&"1?)&6B:& ' 6'>4'D.'A >.$-*&"1?.'A %1*.*-")%'A 
H'1?>" R&'+' 6*#$ &"($H**. I"4 ." 4"."", H('6"#"..3" *))1"#'6$.*2 ;$($%&"(*>B:&)2 
."%'&'(34* '+($.*-".*24*, .$H(*4"(, '&)B&)&6*"4 )1"H'+' 4"&'#$, *)H'1?>'6$.*"4 
)B(('+$&.3; * %($&%')('-.3; H'%$>$&"1"A, ."H')&'2..34 -*)1'4 )"$.)'6 +"4'H"(KB>**, 
$ &$%D" '&)B&)&6*"4 *>4"(".*A $%&*6.')&* R.#'&'%)*.$ H"("# ($.#'4*>*('6$.*"4. , 
H('&'%'1" *))1"#'6$.*2 EUPHRATES B-&".3 ."#')&$&%* H("#7")&6B:O*; 
*))1"#'6$.*A. @'(4*('6$.*" H'HB12/** #12 R&'+' *))1"#'6$.*2 H1$.*(B"&)2 .$-$&? 6' 
6&'('4 *1* &("&?"4 %6$(&$1" 2010 +'#$. 
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K#14("*( ,"#$%$&'*"1: "1&$04("*( #$'%$8(:"7I '8(#("*. 
=*<1*'+($K*-")%$2 ))31%$: Ronco C, Piccinni P, Rosner MH (eds): Endotoxemia and 
Endotoxin Shock: Disease, Diagnosis and Therapy. Contrib Nephrol. Basel, Karger, 2010, vol 
167, pp 119-125 
 

K#14("*( ,"#$%$&'*"1: -%$ "($HI$#*)$ #4+ 
$&$"-1%(4@"$2$ 0$#%8(:D#("*+ $H$'"$81""$'%* )(%$#1? 
?:$(&% EUPHAS 2 
S(*%$ E. L$(&*.$ · P*..$ F. N(B><,6 · V$.H$'1$ L'.&*+ · V$.H$'1' N$)"11$+ 
· 8"(D*' ,")%'.*+ · ,. L$(%' !$.?"(*$ · N1$B#*' !'.%'<,6 · L$))*4' 
9.&'."11*# 
$ J&#"1".*" $.")&">*'1'+** * ("$.*4$/**, M.*6"()*&"& +. IB(*., Ospedale S. Giovanni Battista-Molinette, +. 
IB(*., 0&$1*2 
< J&#"1".*" ."K('1'+**, #*$1*>$ * &($.)H1$.&$/**, <'1?.*/$ 8$.-='(&'1', +. ,*-"./$, 0&$1*2 
6 L"D#B.$('#.3A .$B-.'-*))1"#'6$&"1?)%*A *.)&*&B& ."K('1'+**, +. ,*-"./$, 0&$1*2 
+ J&#"1".*" *.&".)*6.'A &"($H** "T. ='//$", Ospedale Niguarda Ca'Granda, +. L*1$., 0&$1*2 
# J&#"1".*" *.&".)*6.'A &"($H** * $.")&">*'1'+**, N$&'1*-")%*A B.*6"()*&"& C(")62&'+' 8"(#/$, +. !*4, 
0&$1*2 
 

>(9(:1% 
8 1994 +'#$ #12 R%)&($%'(H'($1?.'A +"4'H"(KB>** *)H'1?>B"&)2 %$(&(*#D, )&(B%&B($ 
%'&'('+' H("#)&$61".$ H'1*)&*('1'634* 6'1'%.$4* ) *44'<*1*>*('6$..34 
H'1*4*%)*.'4 ,. S&'& %$(&(*#D H("#.$>.$-". #12 $<)'(</** * B#$1".*2 
1*H'H'1*)$;$(*#$ *> %('6'&'%$ <'1?.3; )"H)*)'4. N$% )1"#)&6*", ."A&($1*>B:&)2 
RKK"%&3 R.#'&'%)*.$. T"4'H"(KB>*'..$2 &"($H*2 ) H'1*4*%)*.'4 , H')&"H"..' 
6."#(2"&)2 6 %1*.*-")%B: H($%&*%B. ,)1"# >$ H"(6'.$-$1?.34* ."<'1?7*4* 
%1*.*-")%*4* *))1"#'6$.*24* <31 63H'1.". &O$&"1?.3A )*)&"4$&*-")%*A '<>'(. Q$&"4 
.$ &"((*&'(** 0&$1** <31' H('6"#".' 4.'+'/".&('6'" ($.#'4*>*('6$..'" %1*.*-")%'" 
*))1"#'6$.*" H'# .$>6$.*"4 EUPHAS ($.+1. Early Use of Polymyxin B Hemoperfusion in 
Abdominal Septic Shock; ($.."" H(*4".".*" +"4'H"(KB>** ) H'1*4*%)*.'4 , H(* 
$<#'4*.$1?.'4 )"H&*-")%'4 7'%"). U'&2 636'#3, )#"1$..3" .$ ').'6$.** (">B1?&$&'6 
R&'+' ($.#'4*>*('6$..'+' %'.&('1*(B"4'+' *))1"#'6$.*2, )'+1$)B:&)2 ) #$..34* 
H("#7")&6B:O*; *))1"#'6$.*A, *))1"#'6$.*" EUPHAS ;$($%&"(*>'6$1')? ."%'&'(34* 
)BO")&6"..34* '+($.*-".*24*, &$%*4* %$% .*>%*A %'RKK*/*".& H(*(')&$ 63<'(%* (6 
H"(*'# ) 2004 H' 2007 +'# 6 *))1"#'6$.** H(*.21* B-$)&*" 6)"+' 64 H$/*".&$), 
."6'>4'D.')&? ("$1*>$/** )1"H'+' 4"&'#$ #12 1"-$O*; 6($-"A, $ &$%D" H("D#"6("4"..'" 
H("%($O".*" *))1"#'6$.*2 .$ ').'6$.** (">B1?&$&'6 >$H1$.*('6$..'+' H('4"DB&'-.'+' 
$.$1*>$. , )62>* ) R&*4* '+($.*-".*24*, '%'.-$&"1?.3A ($>4"( 63<'(%* <31 B4"("..34, 
-&' 4'+1' H')1BD*&? H(*-*.'A H"("'/".%* *)&*..'A 63($D"..')&* %1*.*-")%'+' 
RKK"%&$. C'4*4' ]H'.**, 6 .$)&'2O"" 6("42 +"4'H"(KB>*2 ) H'1*4*%)*.'4 , 
H("*4BO")&6"..' *)H'1?>B"&)2 6 0&$1** #12 1"-".*2 <'1?.3; )"H)*)'4. , R&'A )&($." 
"D"+'#.' ($);'#B:&)2 H(*<1*>*&"1?.' 600 %$(&(*#D"A. I"4 ." 4"."", 
)&(B%&B(*('6$..3A )<'( #$..3; ' %1*.*-")%'4 H(*4".".** R&'+' 4"&'#$ 1"-".*2 ." 
63H'1.21)2, -&' B%$>36$"& .$ ."'<;'#*4')&? *>B-".*2 RKK"%&'6 +"4'H"(KB>** ) 
H'1*4*%)*.'4 , 6 %(BH.'A * ($>.''<($>.'A 63<'(%". , )62>* ) R&*4, *))1"#'6$&"1* *> 
0&$1** 64")&" ) %1*.*/*)&$4*, $%&*6.' *)H'1?>B:O*4* R&B K'(4B &"($H**, )'64")&.' 
)H('"%&*('6$1* .'6'" H(')H"%&*6.'" 4.'+'/".&('6'" *))1"#'6$.*", %'&'('" H'1B-*1' 
.$>6$.*" EUPHAS 2. Q$#$-$ *))1"#'6$.*2 EUPHAS 2 )')&'*& 6 K'(4*('6$.** '<7*(.'A 
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<$>3 #$..3;, H')62O"..3; +"4'H"(KB>*'..'A &"($H** ) H'1*4*%)*.'4 ,. C(*'<("&".*" 
)''&6"&)&6B:O*; )6"#".*A H'>6'1*& 1B-7" '/".*&? RKK"%&*6.')&? * <*'1'+*-")%B: 
>.$-*4')&? B#$1".*2 R.#'&'%)*.$ 6 %1*.*-")%'A H($%&*%". N('4" &'+', R&' *))1"#'6$.*" 
.$/"1".' .$ H('6"(%B 6')H('*>6'#*4')&* #$..3;, H("#)&$61"..3; 6 .$B-.'A 1*&"($&B(", 
.$ '/".%B 63<($..'A H'HB12/** <'1?.3;, $ &$%D" .$ *#".&*K*%$/*: )B<H'HB12/*A 
H$/*".&'6, #12 %'&'(3; R&$ K'(4$ 1"-".*2 4'D"& '%$>$&?)2 .$*<'1"" RKK"%&*6.'A. 

96&'()%*" H($6$ © (2010 +'#) H(*.$#1"D$& S. Karger AG, +. =$>"1? 

 

C'# &"(4*.'4 "R.#'&'%)"4*2" H'#($>B4"6$"&)2 H(*)B&)&6*" R.#'&'%)*.'6 *1* 
&'%)*-")%*; )&(B%&B(.3; %'4H'.".&'6 'H("#"1"..3; <$%&"(*A 6 %('6*, %'&'('" 4'D"& 
H'61"-? >$ )'<'A .$(B7".*" KB.%/** '(+$.'6, 7'% * )4"(&? H$/*".&$. S.#'&'%)"4*2 
4'D"& <3&? 63>6$.$ ."H')("#)&6"..' +($4'&(*/$&"1?.'A *.K"%/*"A *1* '<B)1'61".$ 
.$(B7".*"4 <$(?"(.'A KB.%/** %*7"-.*%$. S.#'&'%)"4*2 -(">63-$A.' ($)H(')&($.".$ 
)("#* <'1?.3; ) &2D"1'A )'4$&*-")%'A H$&'1'+*"A * &($64$4* [1]. E*H'H'1*)$;$(*# 
(EC8) - R&' )$43A ($)H(')&($."..3A 6*# R.#'&'%)*.$, %'&'(3A 6 %('6* >#'('6'+' 
-"1'6"%$ 'H("#"12"&)2 6 4*.*4$1?.'4 %'1*-")&6" [2]. C(* )"H)*)" )'#"(D$.*" EC8 6 
%('6* 4'D"& B6"1*-*6$&?)2 6 1000 ($> #$D" H(* '&)B&)&6** H'#&6"(D#"..'A 
+($4'&(*/$&"1?.'A *.K"%/** [3]. N('4" &'+', H(* H'637"..'4 )'#"(D$.** EC8 6 %('6* 
.$<1:#$"&)2 B)B+B<1".*" %1*.*-")%'+' *);'#$ [4]. 
C'1*4*%)*. , - R&' $.&*<*'&*%, %'&'(3A *)H'1?>B"&)2 #12 1"-".*2 +($4'&(*/$&"1?.'A 
*.K"%/**. J. )H')'<". ) 63)'%*4 $KK*.*&"&'4 )62>36$&?)2 ) EC8 %1"&'-.'A )&".%* 
<$%&"(*A, H'637$2 "" H('.*/$"4')&?, -&', 6 )6': '-"("#?, H(*6'#*& % +*<"1* 
6'><B#*&"12. =1$+'#$(2 )H')'<.')&* H('-.' )62>36$&?)2 ) EC8, H'1*4*%)*. , 
H"(6'.$-$1?.' <31' H("#1'D".' *)H'1?>'6$&? 6 %$-")&6" )("#)&6$ #12 B#$1".*2 
R.#'&'%)*.$ *> %('6'&'%$. I"4 ." 4"."", 6)%'(" <31' B)&$.'61".', -&' )*)&"4.'" 
H(*4".".*" H'1*4*%)*.$ , ;$($%&"(*>B"&)2 63($D"..34* ."A('&'%)*-")%*4* * 
."K('&'%)*-")%*4* RKK"%&$4*. , )62>* ) R&*4, 6 H')1"#.*" +'#3 K$(4$/"6&*-")%*" 
%$4H$.** H'H3&$1*)? ($>($<'&$&? .'63" 4'1"%B13, *4*&*(B:O*" $KK*.*&"& 
H'1*4*%)*.$ , % EC8, %'&'(3" <31* <3 1*7".3 ."<1$+'H(*2&.3; RKK"%&'6. N 
)'D$1".*:, H' #$..34 %1*.*-")%*; *))1"#'6$.*A 4.'+*" 6*#3 $.&*R.#'&'%)*.'6'A 
&"($H**, 6%1:-$2 4'.'%1'.$1?.3" $.&*&"1$ * EC8-."A&($1*>B:O*" <"1%*, '%$>$1*)? 
1*7".3 )BO")&6"..3; <*'1'+*-")%*; H("*4BO")&6 [5]. 

]H'.)%$2 %'4H$.*2 I'(RA L"#*%$1 1*4*&"#, 1*#*(B:O$2 .$ (3.%" K*1?&('6 #12 
R%)&($%'(H'($1?.'+' #*$1*>$, 6H"(63" B)H"7.' ("$1*>'6$1$ B.*%$1?.3" H'1">.3" 
)6'A)&6$ H'1*4*%)*.$ ,. 8H"/*$1*)&3 %'4H$.** *44'<*1*>*('6$1* H'1*4*%)*. , .$ 
H'1*)&*('1'63; 6'1'%.$; %$(&(*#D$ #12 R%)&($%'(H'($1?.'A +"4'H"(KB>**. , H('/"))" 
+"4'H"(KB>** H'1*4*%)*. , $<)'(<*(B"& EC8 * B#$12"& "+' *> )*)&"4.'+' %('6'&'%$. 
I$%*4 HB&"4 #')&*+$"&)2 ."A&($1*>$/*2 ."<1$+'H(*2&.3; RKK"%&'6 R.#'&'%)*.$. S&'& 
4"&'# 1"-".*2 *)H'1?>B"&)2 6 ]H'.** ) 1994 +'#$. C')&"H"..' '. H(*'<("1 H'HB12(.')&? 
6 W6('H" * 8"6"(.'A 94"(*%". C(*>.$.*" +"4'H"(KB>** ) H'1*4*%)*.'4 , ($)&"&, 
H')%'1?%B H')&"H"..' .$%$H1*6$"&)2 'H3& %1*.*-")%'+' H(*4".".*2 R&'+' 4"&'#$. ,)1"# 
>$ H"(6'.$-$1?.34* ."<'1?7*4* %1*.*-")%*4* *))1"#'6$.*24* <31 63H'1.". 
&O$&"1?.3A )*)&"4$&*-")%*A '<>'(, 'HB<1*%'6$..3A 6 2007 +'#B [6]. 

N''4(#$81"*( EUPHAS 
V"1$.*" H(*'<(")&* #'H'1.*&"1?.3A 'H3& *)H'1?>'6$.*2 +"4'H"(KB>** ) 
H'1*4*%)*.'4 , 6 %1*.*-")%*; B)1'6*2;, H')1BD*1' H(*-*.'A #12 H('6"#".*2 
4.'+'/".&('6'+' ($.#'4*>*('6$..'+' %1*.*-")%'+' *))1"#'6$.*2 EUPHAS ($.+1. Early 
Use of Polymyxin B Hemoperfusion in Abdominal Septic Shock; ($.."" H(*4".".*" 
+"4'H"(KB>** ) H'1*4*%)*.'4 , H(* $<#'4*.$1?.'4 )"H&*-")%'4 7'%"). !">B1?&$&3 
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R&'+' *))1"#'6$.*2 <31* 'HB<1*%'6$.3 6 *:." 2009 +'#$ 6 DB(.$1" 94"(*%$.)%'A 
4"#*/*.)%'A $))'/*$/** ($.+1. Journal of the American Medical Association, JAMA) [7]. 
0))1"#'6$.*" EUPHAS H('6'#*1')? .$ <$>" 10 *&$1?2.)%*; '&#"1".*A *.&".)*6.'A 
&"($H** (J0I). F$ )"+'#.27.*A #".?, R&' )$4'" %(BH.'" 4.'+'/".&('6'" 
($.#'4*>*('6$..'" %'.&('1*(B"4'" *))1"#'6$.*", H')62O"..'" *>B-".*: H(24'A 
+"4'H"(KB>** ) H'1*4*%)*.'4 , 6 H'HB12/** <'1?.3; ) $<#'4*.$1?.34 )"H&*-")%*4 
7'%'4. Cruz * )'$6&. [7] )K'(4B1*('6$1* %(*&"(** 6%1:-".*2 &$%*4 '<($>'4, -&'<3 
)'>#$&? '-".? '#.'('#.B: H'HB12/*: &2D"1'<'1?.3; H$/*".&'6 ) H("#H'1'D*&"1?.' 
63)'%*4 B('6."4 R.#'&'%)*.$ *> 'H("#"1"..'+' ;*(B(+*-")%'+' *)&'-.*%$. 

J).'6.3" (">B1?&$&3 *))1"#'6$.*2 )6*#"&"1?)&6B:&, -&' 6 &"-".*" 72 -$)'6 6 +(BHH" 
&"($H** H'1*4*%)*.'4 , .$<1:#$1')? B6"1*-".*" B('6.2 )("#."+' $(&"(*$1?.'+' 
#$61".*2 ('& 76 #' 84 44 (&. )&.; ( = 0,001) * ).*D".*" H'&("<.')&* 6 6$>'H("))'($; 
(*.'&('H.3A %'RKK*/*".& [$.+1. inotropic score]: '& 29,9 #' 6,8; ( = 0,001), &'+#$ %$% 6 
+(BHH" &($#*/*'..'A &"($H** H'#'<.3" *>4".".*2 '&)B&)&6'6$1* (9P)(: '& 74 #' 77 44 
(&. )&.; ( = 0,37; *.'&('H.3A %'RKK*/*".&: '& 28,6 #' 22,4; ( = 0,14). 8''&.'7".*" 
PaO2/FiO2 .")%'1?%' B6"1*-*1')? 6 +(BHH" &"($H** H'1*4*%)*.'4 , ('& 235 #' 264; ( = 
0,049), .' ')&$1')? ."*>4"..34 6 +(BHH" )&$.#$(&.'A &"($H** )"H)*)$ ('& 217 #' 228; ( = 
0,79). J/".%$ H' 7%$1" SOFA B1B-7*1$)? 6 +(BHH" &"($H** H'1*4*%)*.'4 ,, .' 6 +(BHH" 
&($#*/*'..'A &"($H** R&'& H'%$>$&"1? )BO")&6"..' ." *>4".*1)2 (*>4".".*2 '/".%* H' 
7%$1" SOFA: -3,4 6 )($6.".** ) -0,1; ( = 0,001). M('6".? 28-#."6.'A )4"(&.')&* #')&*+$1 
32% (11 *> 34 H$/*".&'6) 6 +(BHH" &"($H** H'1*4*%)*.'4 , * 53% (16 *> 30 H$/*".&'6) 6 
+(BHH" )&$.#$(&.'A &"($H** )"H)*)$ (."%'((*+*('6$..'" '&.'7".*" (*)%'6 [J!]: 0,43, 
95% P0: 0,20-0,94; %'((*+*('6$..'" J!: 0,36, 95% P0: 0,16-0,80). 

I$%*4 '<($>'4, (">B1?&$&3 *))1"#'6$.*2 EUPHAS )'+1$)B:&)2 ) *.K'(4$/*"A, 
H("#)&$61"..'A 6 )*)&"4$&*-")%'4 '<>'(" Cruz * )'$6&. [6]. S&' *))1"#'6$.*" 
#'H'1.*&"1?.' H'#&6"(D#$"& <3)&('" B1B-7".*" KB.%/** '(+$.'6 * )*)&"4, $ ')'<"..' 
)"(#"-.'-)')B#*)&'A )*)&"43, .$ K'." +"4'H"(KB>*'..'A &"($H** ) H'1*4*%)*.'4 ,. 
I"4 ." 4"."", *))1"#'6$.*" EUPHAS ;$($%&"(*>B"&)2 'H("#"1"..34* '+($.*-".*24* 
(R&* '+($.*-".*2 'H*)$.3 $6&'($4*), %'&'(3" ."'<;'#*4' H(*.*4$&? 6' 6.*4$.*". 
C("D#" 6)"+', 6 #$..'4 *))1"#'6$.** *)H'1?>'6$1$)? 63)'%')H"/*K*-.$2 H'HB12/*2 
H$/*".&'6. 8 '#.'A )&'('.3, R&'& K$%&'( 2612"&)2 H("*4BO")&6'4. 8 #(B+'A )&'('.3, 
63)'%$2 )H"/*K*-.')&? %'.&*.+".&$ H')1BD*1$ H(*-*.'A '-".? 4"#1"..'+' 
K'(4*('6$.*2 63<'(%* (6 H"(*'# ) 2004 H' 2007 +'# 6 H'HB12/*: <31* 6%1:-".3 &'1?%' 
64 H$/*".&$). ,'-6&'(3;, B-*&36$2 ;$($%&"( &"($H"6&*-")%'+' 64"7$&"1?)&6$, '& 6($-"A 
."6'>4'D.' <31' )%(3&? H(*.$#1"D.')&? H$/*".&'6 % &'A *1* *.'A +(BHH", ;'&2 1*/$, 
%'&'(3" 63H'1.21* $.$1*> #$..3;, ." '<1$#$1* H'#'<.'A *.K'(4$/*"A. ,-&("&?*;, 
*))1"#'6$.*" <31' H("%($O".' H("D#"6("4"..' .$ ').'6$.** (">B1?&$&'6 
>$H1$.*('6$..'+' H('4"DB&'-.'+' $.$1*>$, H')1" &'+' %$% H'#&6"(#*1')? )''&6"&)&6*" 
H("#'H("#"1"..34 %(*&"(*24 H("%($O".*2. , )62>* ) R&*4* '+($.*-".*24*, 
'%'.-$&"1?.3A ($>4"( 63<'(%* <31 B4"("..34, -&' 4'+1' H')1BD*&? H(*-*.'A 
H"("'/".%* *)&*..'A 63($D"..')&* %1*.*-")%'+' RKK"%&$. N('4" &'+', 6 )6'"A 
("#$%/*'..'A )&$&?" John Kellum [8] >$26*1, -&' *))1"#'6$.*" EUPHAS ." H1$.*('6$1')? 
%$% *))1"#'6$.*", )%'./".&(*('6$..'" .$ 'H("#"1"..'A %$&"+'(** H$/*".&'6. Q$#$-$ 
*))1"#'6$.*2 )')&'21$ 6 &'4, -&'<3 'H("#"1*&?, )H')'<.$ 1* +"4'H"(KB>*2 ) 
H'1*4*%)*.'4 , B1B-7*&? H'%$>$&"1* )("#."+' $(&"(*$1?.'+' #$61".*2, $ &$%D" ).*>*&? 
H'&("<.')&? 6 6$>'H("))'($; B <'1?.3; )"H&*-")%*4 7'%'4, %'&'(3A H("#H'1'D*&"1?.' 
($>6*1)2 .$ K'." $<#'4*.$1?.'A *.K"%/**. 

N''4(#$81"*( EUPHAS 2 
8 &"; H'(, %$% 6 1994 +'#B 2H'.)%$2 )*)&"4$ )&($;'6$.*2 >#'('6?2 )$.%/*'.*('6$1$ 
H(*4".".*" +"4'H"(KB>*'..'A &"($H** ) H'1*4*%)*.'4 ,, 6 %1*.*-")%*; B)1'6*2; <31* 
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*)H'1?>'6$.3 75000 %$(&(*#D"A. N1*.*-")%*" *)H3&$.*2 * ($>.''<($>.3" )*)&"43 
R%)H1B$&$/*'..'+' .$#>'($ ." 6326*1* >$)1BD*6$:O*; 6.*4$.*2 ."D"1$&"1?.3; 
261".*A *1* H'<'-.3; RKK"%&'6. I"4 ." 4"."", 4"D#B.$('#.'" .$B-.'" )''<O")&6' H'-
H("D."4B )%"H&*-")%* '&.')*&)2 % RKK"%&*6.')&* R%)&($%'(H'($1?.'+' B#$1".*2 
R.#'&'%)*.$ 6 %1*.*-")%'A H($%&*%". 

C'4*4' ]H'.**, 6 .$)&'2O"" 6("42 +"4'H"(KB>*2 ) H'1*4*%)*.'4 , H("*4BO")&6"..' 
*)H'1?>B"&)2 6 0&$1** #12 1"-".*2 <'1?.3; )"H)*)'4. , R&'A )&($." "D"+'#.' 
($);'#B:&)2 H(*<1*>*&"1?.' 600 %$(&(*#D"A (#$..3" ESTOR S.p.A. * I'(RA L"#*%$1 
1*4*&"#). I"4 ." 4"."", )&(B%&B(*('6$..3A )<'( #$..3; ' %1*.*-")%'4 H(*4".".** 
R&'+' 4"&'#$ 1"-".*2 ." 63H'1.21)2, -&' B%$>36$"& .$ ."'<;'#*4')&? *>B-".*2 RKK"%&'6 
+"4'H"(KB>** ) H'1*4*%)*.'4 , 6 %(BH.'A * ($>.''<($>.'A 63<'(%". , )62>* ) R&*4, 
*))1"#'6$&"1* *> 0&$1** 64")&" ) %1*.*/*)&$4*, $%&*6.' *)H'1?>B:O*4* R&B K'(4B 
&"($H**, )'64")&.' )H('"%&*('6$1* .'6'" H(')H"%&*6.'" 4.'+'/".&('6'" '&%(3&'" 
*))1"#'6$.*", %'&'('" H'1B-*1' .$>6$.*" EUPHAS 2. 
0))1"#'6$.*" EUPHAS 2 <B#"& %''(#*.*('6$&?)2 .$B-.34 (B%'6'#2O*4 %'4*&"&'4. 
S&'& %'4*&"& H("#)&$61". -"&3(?42 -1".$4*, $ *4"..' #6B42 *))1"#'6$&"124* *> 
'(*+*.$1?.'+' *))1"#'6$.*2 EUPHAS * #6B42 #(B+*4* 1*/$4*, %'&'(3" *4":& 'H3& 
H(*4".".*2 +"4'H"(KB>** ) H'1*4*%)*.'4 ,, .' ." H(*.*4$1* B-$)&*2 6 
H("#7")&6B:O"4 *))1"#'6$.** EUPHAS. 

F'63A H('"%& H("#H'1$+$"& )'>#$.*" )'64")&.'A <$>3 #$..3; 6 *.&"(."&, H(* H'4'O* 
%'&'('A %$D#3A >$("+*)&(*('6$..3A H'1?>'6$&"1? )4'D"& 6.')*&? * $.$1*>*('6$&? 
)6"#".*2 ' <'1?.3;, H'1B-$67*; 1"-".*" 6 )''&6"&)&6B:O"4 *))1"#'6$&"1?)%'4 /".&(". 
!">B1?&$&3 )&$&*)&*-")%'+' $.$1*>$ '<O"A <$>3 #$..3; <B#B& '<.'612&?)2 "D"#."6.' 
-"("> *.&"(."&. P')&BH % '<O"A <$>" #$..3; *4""& &'1?%' .$B-.3A (B%'6'#2O*A 
%'4*&"&. I"4 ." 4"."", 6 ($4%$; "D"+'#.'A 6)&("-* EUPHAS 2 (">B1?&$&3 *))1"#'6$.*2 
H1$.*(B"&)2 H("#')&$612&? 6)"4 >$("+*)&(*('6$..34 H'1?>'6$&"124. I$%*" 6)&("-* 
H'>6'12& 'H("#"1*&?, %$% *)H'1?>'6$&? * ($)H(')&($.2&? )'<($..3" )6"#".*2 ' 
+"4'H"(KB>*'..'A &"($H** ) H'1*4*%)*.'4 ,. 
Q$#$-$ *))1"#'6$.*2 EUPHAS 2 )')&'*& 6 K'(4*('6$.** '<7*(.'A <$>3 #$..3;, 
H')62O"..3; +"4'H"(KB>*'..'A &"($H** ) H'1*4*%)*.'4 ,. C(*'<("&".*" 
)''&6"&)&6B:O*; )6"#".*A H'>6'1*& 1B-7" '/".*&? RKK"%&*6.')&? * <*'1'+*-")%B: 
>.$-*4')&? B#$1".*2 R.#'&'%)*.$ 6 %1*.*-")%'A H($%&*%". N('4" &'+', R&' *))1"#'6$.*" 
.$/"1".' .$ H('6"(%B 6')H('*>6'#*4')&* #$..3;, H("#)&$61"..3; 6 .$B-.'A 1*&"($&B(", 
.$ '/".%B 63<($..'A H'HB12/** <'1?.3;, $ &$%D" .$ *#".&*K*%$/*: )B<H'HB12/*A 
H$/*".&'6, #12 %'&'(3; R&$ K'(4$ 1"-".*2 4'D"& '%$>$&?)2 .$*<'1"" RKK"%&*6.'A. 

P12 ("7".*2 H')&$61"..3; >$#$- H'HB12/*2 #$..'+' *))1"#'6$.*2 <B#"& )K'(4*('6$.$ 
*> <'1?.3; ) &2D"134 )"H)*)'4 *1* )"H&*-")%*4 7'%'4 1:<'+' H('*);'D#".*2, ) 
#*)KB.%/*"A '#.'+' *1* <'1"" '(+$.'6, $ &$%D" ) 63)'%'A )&"H".?: $%&*6.')&* 
R.#'&'%)*.$ H' #$..34 &")&$ .$ $%&*6.')&? R.#'&'%)*.$ ($.+1. Endotoxin Activity Assay, 
EAA™), %'&'($2 H'#&6"(D#$"&)2 H'%$>$&"1"4 EAA™ 637" 0,6 [4, 9]. =1$+'#$(2 R&'4B 
4'D.' <B#"& 63H'1.*&? $.$1*> 6'>4'D.'A %'(("12/** 4"D#B ;$($%&"('4 * 1'%$1*>$/*"A 
H"(6*-.'+' '-$+$ *.K"%/**, H('#'1D*&"1?.')&?: &"($H** * RKK"%&*6.')&?: 
+"4'H"(KB>** ) H'1*4*%)*.'4 ,. 

0))1"#'6$.*" EUPHAS 2 <B#"& ($>#"1".' .$ #6$ R&$H$. C"(63A R&$H H("#)&$612"& )'<'A 
("&(')H"%&*6.3A )<'( )6"#".*A ' <'1?.3; &2D"134 )"H)*)'4 *1* )"H&*-")%*4 7'%'4, 
%'&'(3" H'1B-$1* +"4'H"(KB>*'..B: &"($H*: ) H'1*4*%)*.'4 , .$ <$>" *&$1?2.)%*; 
J0I 6 &"-".*" H')1"#.*; &("; 1"&. `"1? R&'+' R&$H$ )')&'*& 6 &'4, -&'<3 )'<($&? 
)6"#".*2, H' 4".?7"A 4"(", ' 250 <'1?.3;. C("#H'1$+$"&)2, -&' .$ )<'( H("#6$(*&"1?.3; 
#$..3; H'&("<B"&)2 6 4")2/"6. Q$&"4 .$B-.3A (B%'6'#2O*A %'4*&"& 63H'1.*& $.$1*> 
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)'<($..3; #$..3; #12 'H("#"1".*2 B)1'6*A #$1?."A7"+' H(')H"%&*6.'+' )<'($ #$..3; 
(6&'('A R&$H). 
,&'('A R&$H <B#"& H("#)&$61". H(')H"%&*6.34 4.'+'/".&('634 '&%(3&34 
*))1"#'6$.*"4. Q$#$-$ R&'+' *))1"#'6$.*2 )')&'*& 6 )<'(" )6"#".*A ' 6)"; H$/*".&$;, 
H'1B-$67*; +"4'H"(KB>*'..B: &"($H*: ) H'1*4*%)*.'4 , 6 B)1'6*2; *&$1?2.)%*; * 
"6('H"A)%*; J0I. !">B1?&$&'4 *))1"#'6$.*2 <B#"& 'HB<1*%'6$..$2 6 *.&"(."&" <$>$ 
#$..3;. ,)" B-$)&.*%* *))1"#'6$.*2 #'1D.3 H'1B-$&? 1"-".*" 6 )''&6"&)&6** )' 
)&$.#$(&.34* H('&'%'1$4* )''&6"&)&6B:O*; J0I. I($#*/*'..$2 );"4$ 1"-".*2 
H("#H'1$+$"& *.KB>*'..B: &"($H*:, *)H'1?>'6$.*" 6$>'H("))'('6, 4";$.*-")%B: 
6".&*12/*: 1"+%*;, H('&*6'4*%('<.B: &"($H*:, $ &$%D" H'##"(D$.*" KB.%/** H'-"% 
(.$H(*4"(, H('1'.+*('6$..$2 >$4")&*&"1?.$2 H'-"-.$2 &"($H*2 * (*1*) +"4'#*$1*>). 
,%1:-".*" H$/*".&'6 6 <$>B #$..3; .* H(* %$%*; '<)&'2&"1?)&6$; ." H'61*2"& .$ );"4B 
1"-".*2. , &"-".*" 29 #."A H')1" 6%1:-".*2 6 *))1"#'6$.*" () 0 #.2 H' 28 #".?) >$ 
%$D#34 H$/*".&'4 <B#"& ')BO")&612&?)2 .$<1:#".*". 
=1$+'#$(2 ')'<'A )&(B%&B(", <$>$ #$..3; H'>6'1*& <"> &(B#$ )'<*($&? ."'<;'#*43" 
)6"#".*2. P12 )<'($ #$..3; H("#H'1$+$"&)2 *)H'1?>'6$&? *.#*6*#B$1?.3" 
("+*)&($/*'..3" %$(&3, %'&'(3" <B#B& 6%1:-$&? )1"#B:OB: *.K'(4$/*:: 

• #$..3", >$("+*)&(*('6$..3" .$ 4'4".& 6%1:-".*2 6 *))1"#'6$.*" - #"4'+($K*-")%*" 
)6"#".*2, #$&$ #*$+.')&*('6$.*2 )"H&*-")%'+' 7'%$ * H"(6'.$-$1?.3A B('6".? 
$%&*6.')&* R.#'&'%)*.$, (">B1?&$&3 <$%&"(*'1'+*-")%'+' *))1"#'6$.*2, )6"#".*2 '< 
').'6.'A H$&'1'+**, ').'6.'A &"($H** * )'HB&)&6B:O"A &"($H**, <$11?.$2 '/".%$ 
&2D")&* )')&'2.*2 H$/*".&$; 

• #$..3", >$("+*)&(*('6$..3" #' .$-$1$ &"($H**, H')1" &"($H**, $ &$%D" 6 &"-".*" 
H"(*'#$ %'.&('1?.'+' .$<1:#".*2 - H'%$>$&"1* KB.%/** D*>."..' 6$D.3; '(+$.'6, 
)6"#".*2 '< *)H'1?>'6$.** 6$>'$%&*6.3; H("H$($&'6, #*B(">, <$11?.$2 '/".%$ H' 
7%$1" SOFA, +"4'#*.$4*-")%*" H'%$>$&"1*, (">B1?&$&3 $.$1*>$ +$>'6'+' )')&$6$ 
%('6*, )6"#".*2 ' ."D"1$&"1?.3; 261".*2;, *.K'(4$/*2 ' )'HB&)&6B:O"A &"($H** 
(4";$.*-")%$2 6".&*12/*2 1"+%*;, H('1'.+*('6$..$2 >$4")&*&"1?.$2 H'-"-.$2 
&"($H*2, $.&*<$%&"(*$1?.$2 &"($H*2), #1*&"1?.')&* H("<36$.*2 6 J0I, * *);'#" 
<'1">.*. 

I'1?%' .$ &"((*&'(** 0&$1** >$ +'# ($);'#B:&)2 <'1"" 600 %$(&(*#D"A ) H'1*4*%)*.'4 
,, $ .$ '#.'+' H$/*".&$ '<3-.' H(*;'#2&)2 #6$ )"$.)$ +"4'H"(KB>**. L3 ($))-*&$1*, -&' 
.$7$ <$>$ #$..3; ';6$&*& H(*<1*>*&"1?.' '#.B &("&? R&*; )1B-$"6. 81"#'6$&"1?.', 
($>4"( 63<'(%* #'1D". )')&$6*&? H(*<1*>*&"1?.' 100 H$/*".&'6 6 +'#. 
C%1%*'%*-('&*. 1"14*3 H137 #1""7I 
F"%'&'(3" #$..3" <B#B& '<($<$&36$&?)2 ."H("(36.'. !">B1?&$&3 $.$1*>$ &$%*; )6"#".*A 
H1$.*(B"&)2 H("#')&$612&? 6)"4 H'1?>'6$&"124 <$>3 #$..3; 6 ("$1?.'4 6("4".*. 
8''&6"&)&6B:O$2 *.K'(4$/*2 6%1:-$"&: %'1*-")&6' >$("+*)&(*('6$..3; 
*))1"#'6$&"1?)%*; /".&('6, %'1*-")&6' '<)1"#'6$..3; H$/*".&'6, )&$&*)&*-")%*" 
#$..3" ' ;$($%&"(" B-$)&.*%'6 *))1"#'6$.*2 6 >$6*)*4')&* '& &2D")&*, 6'>($)&$, H'1$ * 
#*$+.'>$. J&#"1?.3" *))1"#'6$&"1?)%*" /".&(3 <B#B& )';($.2&? >$ )'<'A H($6' 
)'<)&6"..')&* * BH($61".*2 6)"4* >$("+*)&(*('6$..34* #$..34*. I' ")&?, %$D#3A 
*))1"#'6$&"1?)%*A /".&( 4'D"& 6*>B$1*>*('6$&?, $.$1*>*('6$&? *1* 4'#*K*/*('6$&? 
)6'* #$..3" 6 1:<'" 6("42. 
8'<($..3" H("#6$(*&"1?.3" #$..3" <B#B& "D"+'#.' $.$1*>*('6$&?)2 .$B-.34 
(B%'6'#2O*4 %'4*&"&'4 ) /"1?: %'.&('12 *)H'1?>'6$.*2 +"4'H"(KB>*'..'A &"($H** ) 
H'1*4*%)*.'4 , 6 %1*.*-")%'A H($%&*%". J)'<3A $%/".& H("#H'1$+$"&)2 )#"1$&? .$ 
%'1"<$.*2; RKK"%&*6.')&* &"($H** 6 >$6*)*4')&* '&: 
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• 6("4".* 64"7$&"1?)&6$; 

• &2D")&* )')&'2.*2 H$/*".&$ .$ 4'4".& H('6"#".*2 H"(6'+' )"$.)$ +"4'H"(KB>*'..'A 
&"($H** ) H'1*4*%)*.'4 ,; 

• ').'6.'A H$&'1'+**; 
• '/".%* B('6.2 $%&*6.')&* R.#'&'%)*.$ H(* H'4'O* EAA™. 

SKK"%&*6.')&? &"($H** <B#"& '/".*6$&?)2 ) H'4'O?: &"; D" %(*&"(*"6, %'&'(3" 
*)H'1?>'6$1*)? 6 ($4%$; '(*+*.$1?.'+' *))1"#'6$.*2 EUPHAS, $ *4"..': 

• ).*D".*" %'RKK*/*".&$ >$6*)*4')&* '& 6$>'H("))'('6 .$ 20% >$ 72 -$)$; 
• ).*D".*" #"1?&$ '/".%* H' 7%$1" SOFA .$ 3,5 <$11$ >$ 72 -$)$; 

• KB.%/*2 H'-"%: )BO")&6"..'" B1B-7".*" H'%$>$&"1"A #*B(">$ * (*1*) -$)&'&3 
H('6"#".*2 H('1'.+*('6$..'A H'-"-.'A >$4")&*&"1?.'A &"($H**; 

• KB.%/*2 #3;$.*2: >.$-*&"1?.'" B1B-7".*" '<4".$ %*)1'('#$, H'%$>$&"1"A +$>'6'+' 
)')&$6$ %('6* * (*1*) B6"1*-".*" %'1*-")&6$ #."A )H'.&$..'+' #3;$.*2 (<"> 
4";$.*-")%'A 6".&*12/** 1"+%*;); 

• B1B-7".*" H'%$>$&"1"A #1*&"1?.')&* H("<36$.*2 6 J0I * (*1*) B6"1*-".*" -*)1$ 
#."A )&$/*'.$(.'+' 1"-".*2 6." J0I (R&'& H'%$>$&"1? B%$>36$"& .$ *)&*..B: 
H'&("<.')&? 6 *.&".)*6.'A &"($H**); 

• H('+.'> H$/*".&$. 
9.$1*>*('6$..3" #$..3" <B#B& H("#)&$61".3 6)"4 B-$)&.*%$4 H('"%&$ 6 ($4%$; 
"D"+'#.'+' )'<($.*2. C')1" )'+1$)'6$.*2 ) .$B-.34 (B%'6'#2O*4 %'4*&"&'4 R&* #$..3" 
H1$.*(B"&)2 H("#)&$6*&? #12 HB<1*%$/**. 

,"<-)$A& * <$>$ #$..3; H('"%&$ EUPHAS 2 <B#B& )'>#$.3 %$% .$ *&$1?2.)%'4, &$% * .$ 
$.+1*A)%'4 2>3%". =1$+'#$(2 R&'4B, 4'D.' <B#"& ')BO")&612&? )<'( #$..3; ." &'1?%' 6 
0&$1**, .' * 6 #(B+*; "6('H"A)%*; )&($.$;, .$ &"((*&'(** %'&'(3; 6."#(2"&)2 
+"4'H"(KB>*'..$2 &"($H*2 ) H'1*4*%)*.'4 ,. F'63" *))1"#'6$&"1?)%*" /".&(3 #'1D.3 
6%1:-$&?)2 6 *))1"#'6$.*" H')1" '#'<(".*2 .$B-.34 (B%'6'#2O*4 %'4*&"&'4. 
J78$#7 
U'&2 H(* 1"-".** <'1?.3; )"H)*)'4 +"4'H"(KB>*'..$2 &"($H*2 ) H'1*4*%)*.'4 , 
;$($%&"(*>B"&)2 ($..*4 &"($H"6&*-")%*4 RKK"%&'4, #12 H'#&6"(D#".*2 
4.'+''<"O$:O*; (">B1?&$&'6 *))1"#'6$.*2 EUPHAS 6 #(B+*; H'HB12/*2; H$/*".&'6 
."'<;'#*4' H('6"#".*" <'1"" %(BH.3; 4.'+'/".&('63; *))1"#'6$.*A [6]. F'6'" 
*))1"#'6$.*" EUPHAS 2, #*>$A. %'&'('+' H("#H'1$+$"& H(')H"%&*6.3A )<'( 
*.K'(4$/**, #'1D.' H("#')&$6*&? <'1?7" )6"#".*A ' %1*.*-")%'4 H(*4".".** 
+"4'H"(KB>** ) H'1*4*%)*.'4 ,. , ;'#" R&'+' *))1"#'6$.*2 <B#"& )'<($.' <'1?7'" 
%'1*-")&6' #$..3; *> ($>1*-.3; *))1"#'6$&"1?)%*; /".&('6. J<Y"%&'4 *))1"#'6$.*2 
EUPHAS 2 2612"&)2 ($>.''<($>.$2 H'HB12/*2 <'1?.3; ) )"H&*-")%*4 7'%'4, 
;$($%&"(*>B:O*;)2 63)'%*4 B('6."4 $%&*6.')&* R.#'&'%)*.$. F$7$ >$#$-$ )')&'*& 6 
&'4, -&'<3 .$ ').'6$.** (">B1?&$&'6 *))1"#'6$.*2 EUPHAS 2 )K'(4B1*('6$&? 
'%'.-$&"1?.'" >$%1:-".*" '&.')*&"1?.' *)H'1?>'6$.*2 +"4'H"(KB>*'..'A &"($H** ) 
H'1*4*%)*.'4 , #12 1"-".*2 R.#'&'%)*-")%'+' )"H&*-")%'+' 7'%$, )'>#$&? ').'6$.*" 
#12 H('6"#".*2 ($.#'4*>*('6$..'+' %'.&('1*(B"4'+' *))1"#'6$.*2 .$ &"((*&'(** 
859, $ &$%D" '%'.-$&"1?.' 'H("#"1*&? ('1? +"4'H"(KB>** ) H'1*4*%)*.'4 , 6 
%'4H1"%).'A &"($H** )"H)*)$. 
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?:(#)(%"7. 6&131%(4@ 
 

CD14, $.&*+".($)H'>.$:O*" )6'A)&6$ 20 
 
Toraymyxin 
 $#)'(</*'..$2 )H')'<.')&? B)&('A)&6$ 36 
 $%&*6.')&? R.#'&'%)*.$ * &2D")&? >$<'1"6$.*2 98-102 
 +*#('#*.$4*-")%*A $.$1*> )'(</*'..3; )6'A)&6 B)&('A)&6$ 
  63-*)1*&"1?.$2 +*#('#*.$4*%$ 51, 52, 54, 55, 56 
  4*%('4$)7&$<.3A $.$1*> 51, 53-55 
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 "6('H"A)%*A 'H3& 107, 108, 115 
 4";$.*>4 #"A)&6*2 37, 38 
 '<>'( 1*&"($&B(3 71-75 
 '/".%$ <">'H$).')&* 35 
 H("*4BO")&6$ 38, 39 
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 2H'.)%*" *))1"#'6$.*2 * 'H3& H(*4".".*2 B)&('A)&6$ .$ &"((*&'(** ]H'.** 105-106 
 
9H'H&'> 
 61*2.*" .$ KB.%/*: &%$."A * '(+$.'6 62, 63 
 *.#B%/*2 1*H'H'1*)$;$(*#'4 63 
 4";$.*>43 61, 62 
 RKK"%&3 +"4'H"(KB>** ) H'1*4*%)*.'4 , 
  6."7.*A HB&? 66 
  6.B&("..*A HB&? 66 
  *))1"#'6$.*2 ) B-$)&*"4 1$<'($&'(.3; D*6'&.3; 69 
  4"&'# TUNEL 64, 65 
  '<>'( 63, 64 
  'H("#"1".*" $%&*6.')&* %$)H$>3 65, 66 
  &'%)*-")%'" #"A)&6*" .$ %1"&%* H'-"% 64 
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 *))1"#'6$.*2 H(* )"H)*)" 38 
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T*HH'%($& 2, 83 
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0))1"#'6$.*" EUPHAS 
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  )4"(&.')&? 80, 81 
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N$4H$.*2 H' <'(?<" ) )"H)*)'4 104 
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 61*2.*" +"4'H"(KB>** ) H'1*4*%)*.'4 , .$ KB.%/*: 1"+%*; 73 
 ("$%/*2 H(* )"H)*)" 25 
 
E*H'H'1*)$;$(*#, 9")G, 6=. S.#'&'%)"4*2 
 $%&*6$/*2 %'$+B12/** 18 
 6>$*4'#"A)&6*" ) &'11-H'#'<.34* ("/"H&'($4* 6, 7, 16, 17, 61 
 *.#B%/*2 $H'H&'>$, 6=. 9H'H&'> 
 *))1"#'6$.*2 ."A&($1*>$/** $.&*&"1 29, 38 
 '<').'6$.*" H(*4".".*2 +"4'H"(KB>** ) H'1*4*%)*.'4 , H(* )"H)*)" 105 
 ("/"H&'(3 17 
 )62>36$:O*" <"1%* 17 
 )&(B%&B($ 16, 42, 43 
 &'1"($.&.')&? * *.#B/*('6$..$2 )"H)*)'4 *44B.')BH("))*2 19 
 B('6".? 6 H1$>4" %('6* 26, 27 
 -B6)&6*&"1?.')&? '&#"1?.3; 6*#'6 15, 16 
 R%)&($%'(H'($1?.'" B#$1".*", 6=. C'1*4*%)*. ,, Toraymyxin 
 
E*H'H'1*)$;$(*#-)62>36$:O*A <"1'% 
 '<>'( KB.%/** 16 
 B('6".? 6 H1$>4" %('6* 26, 27 
 
L$..'>$-)62>36$:O*A 1"%&*., $.&*+".($)H'>.$:O*" )6'A)&6$ 20 
 
C'1*4*%)*. , 
 6>$*4'#"A)&6*" ) 1*H'H'1*)$;$(*#$4* 
  *4*&$/*2 4'1"%B12(.'+' 6>$*4'#"A)&6*2 44-48 
  '<O*" )6"#".*2 33, 34, 42 
 6'1'%'..3A %$(&(*#D ) *44'<*1*>*('6$..34 H'1*4*%)*.'4 ,, 6=. Toraymyxin 
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 *))1"#'6$.*2 +"4'H"(KB>** H(* )"H)*)", 9")G, 6=. 0))1"#'6$.*" EUPHAS,   
  0))1"#'6$.*" EUPHAS 2, Toraymyxin 
  $%&*6.')&? R.#'&'%)*.$ * &2D")&? >$<'1"6$.*2 98-102 
  '<>'( 1*&"($&B(3 71-75 
  '<O*" )6"#".*2 29-30 
  H'12(.')&? %1"&'% 68 
  ($.."" 1"-".*" R.#'&'%)"4** 85-93 
  RKK"%&3 $H'H&'>$ 63-68 
 )&(B%&B($ 42 
 
C')1"#'6$&"1?.$2 '/".%$ '(+$..'A ."#')&$&'-.')&*, *))1"#'6$.*" EUPHAS 79-83 
 
C'-"-.$2 ."#')&$&'-.')&?, 6=. C'-%$ 
 
C'-%$ 
 61*2.*" +"4'H"(KB>** ) H'1*4*%)*.'4 , .$ /*&'&'%)*-.')&? 64, 67-69 
 ("$%/*2 H(* )"H)*)" 25, 61 
 
CK"AK"( !*;$(# 4 
 
8"H)*) 
 6'><B#*&"1* 14 
 6')H$1".*" 85, 86 
 *)&'(*2 6'H(')$ 2-6 
 'H("#"1".*" 1 
 H('*);'D#".*" &"(4*.'6 4-6, 14 
 ("$%/*2 1"+%*; 25 
 ("$%/*2 H'-"% 25 
 ("$%/*2 )"(#"-.'-)')B#*)&'A )*)&"43 24, 25 
 ('1? R.#'&'%)"4** 8-10, 97 
 )BH"($.&*+".3 20 
 &'1"($.&.')&? % R.#'&'%)*.B * *44B.')BH("))*2, *.#B/*('6$..$2 )"H)*)'4 19 
 
8*.#('4 )*)&"4.'+' 6')H$1*&"1?.'+' '&6"&$, H$&'+"."> )"H)*)$ 85, 86 
 
84"(&.')&? 
 61*2.*" +"4'H"(KB>** ) H'1*4*%)*.'4 , 73 
 H'%$>$&"1? *))1"#'6$.*2 EUPHAS 80, 81 
 )"H&*-")%*A 7'% 14, 26, 27, 71, 104 
 
8("#."" $(&"(*$1?.'" #$61".*", RKK"%&3 +"4'H"(KB>** ) H'1*4*%)*.'4 , 73, 114 
 
8BH"($.&*+"., ('1? H(* )"H)*)" 20 
 
I")& .$ $%&*6.')&? R.#'&'%)*.$ 
 %'(("12/*2 ) &2D")&?: )"H)*)$ 96-102 
 '<O*" )6"#".*2 28, 96 
 ($.."" 1"-".*" R.#'&'%)"4** 85-93 
 )$.%/*2 FDA 109 
 
I'11-H'#'<.3" ("/"H&'(3 
 $%&*6$/*2 8 
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 6>$*4'#"A)&6*" ) R.#'&'%)*.'4 7, 8, 16, 17, 61 
 )*+.$1*>$/*2 7, 8 
 &*H3 * 1*+$.#3 6, 14, 15, 19, 20 
 
I($.)H1$.&$/*2 '(+$.'6, +"4'H"(KB>*2 ) H'1*4*%)*.'4 , * *);'#3 74, 75, 90 
 
U"1*%$>3, H'#'<.3" +".B 1 &*H$, *.#B/*(B"4'4B ("&*.'"6'A %*)1'&'A, 
 $.&*+".($)H'>.$:O*" )6'A)&6$ 20 
 
S.#'&'%)"4*2 
 #*$+.')&*-")%'" * H('+.')&*-")%'" >.$-".*" 27, 28 
 >.$-".*" H(* )"H)*)" 
  '<O*" )6"#".*2 9, 10, 23, 24, 97 
  )4"(&.')&? 26 
 ($.."" 1"-".*" 85-93 
 ;$($%&"(.3" )')&'2.*2 8, 9 
 R%)&($%'(H'($1?.'" B#$1".*", 6= C'1*4*%)*. ,, Toraymyxin 
 
S.#'&'%)*., 6=. E*H'H'1*)$;$(*# 
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