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III. !)!AG3%=!a C+!7O3a 79+G?7 3 ?C'!=31;?% =! ?#9IQ+=3+

28. I0, >" BD@Hb0,>44 <>@(4N :,H >"JR>@6 @$V,FH&,>>@FH4 $Z:@ 42&,FH>@, RH@ <":Z, *@2Z
@$:JR,>4b <@(JH BD4&,FH4 8 H"84< 42<,>,>4b< & 8:,H8"N 4 @D(">42<"N, 8@H@DZ, @HD"0"`H
FB@F@$>@FH\ "*"BH4D@&"H\Fb 8 ^LL,8H"< @$:JR,>4b.

29. % B@F:,*>4, (@*Z $Z:" &Z*&4>JH" <ZF:\ @ H@<, RH@ @$ZR>Z, @P,>84 FH,B,>4 D4F8"
FH@N"FH4R,F84N ^LL,8H@& <":ZN *@2 4@>424DJ`V,(@ 42:JR,>4b, &@2<@0>@, b&:b`HFb
2"&ZT,>>Z<4, B@F8@:\8J >, JR4HZ&",HFb BD@P,FF, 8@H@DZ6 >"2Z&",HFb "*"BH"P4,6. G"8@6
H,D<4> BD4<,>b,HFb *:b @$@2>"R,>4b H@(@, RH@ <":"b *@2" @$:JR,>4b <@0,H B@&:4bH\ >" 8:,H84
H"84< @$D"2@<, RH@ & >4N $J*JH FH4<J:4D@&"H\Fb BD@P,FFZ D,(,>,D"P44 4 & D,2J:\H"H, ^H@(@
J<,>\T4HFb :4$@ R"FH@H>@FH\ F"<@BD@42&@:\>ZN D"8@&ZN 2"$@:,&">46, :4$@ &,D@bH>@FH\
B@&ZT,>>@6 2"$@:,&",<@FH4 D"8@<, FBD@&@P4D@&">>@6 @$:JR,>4,<.

30. 3<,`HFb <>@(@R4F:,>>Z, *">>Z, @ H@<, RH@ 8@:4R,FH&@ ND@<@F@<>ZN @H8:@>,>46 4
<JH"P46, &Z2&">>ZN @$:JR,>4,<, <@0>@ J<,>\T4H\, B@*&,D(>J& *,:bV4,Fb 8:,H84 J
<:,8@B4H"`V4N BD,*&"D4H,:\>@<J @$:JR,>4` >,$@:\T@6 *@2@6 in vitro 4 in vivo.AD,*FH"&:b,HFb
&,D@bH>Z<, RH@ ^H@H ^LL,8H F&b2"> F B@&ZT,>>@6 FB@F@$>@FH\` *,2@8F,D4$@>J8:,4>@&@6
84F:@HZ ()=7) 8 D,(,>,D"P44. ]H@H BD@P,FF >"$:`*":Fb & >,8@H@DZN R,H8@ @BD,*,:,>>ZN
JF:@&4bN, @*>"8@ ,(@ >, >"$:`*":4 &@ &F,N 8:,H@R>ZN F4FH,<"N.
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31. %F, $@:\T, B@FHJB",H *">>ZN @ H@<, RH@ <,N">42<Z &@FFH">@&:,>4b 8:,H@8 B@:JR"`H
FH4<J: B@F:, B@&D,0*,>4b 8:,H@8 42:JR,>4,<. AD,*FH@4H &ZbF>4H\, F&b2">@ :4 ^H@ F
B@&ZT,>>@6 FB@F@$>@FH\` )=7 8 D,(,>,D"P44. 7"8@&Z $Z >4 $Z:4 ^H4 <,N">42<Z, F@2*",HFb
&B,R"H:,>4,, RH@ @>4 FD"$"HZ&"`H >, H@:\8@ & H,N F:JR"bN, 8@(*" B@&D,0*,>4b $Z:4 &Z2&">Z
4@>424DJ`V4< 42:JR,>4,<, >@ 4 B@ 8D"6>,6 <,D, & Db*, H"84N F:JR",&, 8@(*" B@&D,0*,>4b
$Z:4 &Z2&">Z >,8@H@DZ<4 H@8F4R>Z<4 &,V,FH&"<4.A@N@0,, RH@ 4<,`HFb H"80, ">":@(4R>Z,
F@&B"*,>4b & @H>@T,>44 &4*" B@&D,0*,>4b )=7, 8@H@D@, &Z2Z&",H "*"BH4&>J` D,"8P4`.

32. A@-BD,0>,<J FR4H",HFb F@<>4H,:\>Z<, RH@$Z 4<<J>>"b F4FH,<" 4(D":" 8"8J`-:4$@ D@:\
& ^H4N BD@P,FF"N. % BD4:@0,>44 + 8 *@8:"*J =7)!C ??= 2" 1993(@*, @2"(:"&:,>>@<
";,N">42<Z D"*4"P4@>>@(@ @>8@(,>,2"", 7@<4H,H F*,:": &Z&@*, RH@ 4<<J>>"b F4FH,<",
&@2<@0>@, >, @8"2Z&",H FJV,FH&,>>@(@ &:4b>4b >" D"*4"P4@>>Z6 @>8@(,>,2 BD4 B@(:@V,>44
<":ZN *@2. % BD4:@0,>44 % 8 ^H@<J *@8:"*J B@* >"2&">4,< "!*"BH4&>"b D,"8P4b 8:,H@8 4
@D(">42<@& >" @$:JR,>4," ^H@H &Z&@* @FH":Fb $,2 42<,>,>4b, >,F<@HDb >" H@, RH@ $Z:4
&Zb&:,>Z >,8@H@DZ, &D,<,>>Z, B@F:,*FH&4b *:b 4<<J>>@6 F4FH,<Z.

33. ?$T4D>Z, *">>Z,,B@:JR,>>Z, & D,2J:\H"H, ^8FB,D4<,>H@& >" 04&@H>ZN,4 @(D">4R,>>Z,
*">>Z, B@ R,:@&,R,F8@<J @D(">42<J >, B@*H&,D0*"`H H@R8J 2D,>4b, F@(:"F>@ 8@H@D@6
"*"BH4&>"b D,"8P4b 8:,H@8 F>40",H R"FH@H>@FH\ B@2*>4N ^LL,8H@&, H"84N, 8"8 D"2&4H4, D"8"
J R,:@&,8", B@F:, B@(:@V,>4b <":ZN *@2. ?*>"8@ >,@$N@*4<@ BD@&,FH4 *@B@:>4H,:\>Z,
^8FB,D4<,>H":\>Z, 4FF:,*@&">4b.

34. QH@ 8"F",HFb $4@:@(4R,F8@6 &,D@bH>@FH4 "*"BH4&>@6 D,"8P44, &Z2&">>@6 @$:JR,>4,<, H@
FR4H",HFb @$V,BD42>">>Z<, RH@ ^LL,8H4&>@FH\ D,(,>,D"P44 )=7 & 8:,H8"N <:,8@B4H"`V4N
>, b&:b,HFb "$F@:`H>@6. ;,N">42<Z "*"BH"P44 &B@:>, <@(JH F@FJV,FH&@&"H\ F H"84<4
<,N">42<"<4, &Z2&">>Z<4 <":Z<4 *@2"<4, 8@H@DZ, <@(JH BD4&,FH4 8 D"2&4H4`
2:@8"R,FH&,>>ZN @BJN@:,6. A@^H@<J &"0>Z6 &@BD@F 2"8:`R",HFb & H@<, RH@$Z @BD,*,:4H\
F@@H>@T,>4, <,0*J FH4<J:4DJ,<@6 D,(,>,D"P4,6 8:,H@8 4 @FH"H@R>Z<4 B@&D,0*,>4b<4.
7@<4H,H >"*,,HFb, RH@ $J*JH B@:JR,>Z *@B@:>4H,:\>Z, *">>Z,, 4 B@*R,D84&",H, RH@ >"
>Z>,T>,< ^H"B, $Z:@ $Z BD,0*,&D,<,>>@ *,:"H\ &Z&@*Z *:b P,:,6 D"*4"P4@>>@6 2"V4HZ.

IV. A?E9+)EG%3a C!)3!O33 )9a AC3C?)=?5 EC+)Y

35. %F,04&Z, @D(">42<Z B@*&,D("`HFb @$:JR,>4` @H ,FH,FH&,>>ZN 4FH@R>48@& (8@F<4R,F84,
:JR4 4 BD4D@*>Z, D"*4@>J8:4*Z, BD4FJHFH&J`V4, &@ &F,N 8@<B@>,>H"N FJN@BJH>@6 4 <@DF8@6
^8@F4FH,<Z), " H"80, & D,2J:\H"H, <,FH>@(@, D,(4@>":\>@(@ 4:4 (:@$":\>@(@ 2"(Db2>,>4b,
&Z2&">>@(@ ">HD@B@(,>>@6 *,bH,:\>@FH\`.

36. 7@<4H,H >, *,:": D">,, B@BZH@8 42JR4H\ B@F:,*FH&4b L@>@&@6 D"*4"P44 *:b D"FH,>46 4
04&@H>ZN. G,< >, <,>,, FJV,FH&J,H 2>"R4H,:\>Z6 @$X,< 4>L@D<"P44, 8@H@D"b <@0,H F:J04H\
@F>@&@6 *:b H"8@(@ 4FF:,*@&">4b.%@BD@F @ >"8@B:,>44 D"*4@>J8:4*@& & D"FH,>4bN 4 04&@H>ZN
& BD4D@*>ZN JF:@&4bN D"FF<"HD4&":Fb, @F@$,>>@ F H@R84 2D,>4b B,D,*"R4 ^H4N D"*4@>J8:4*@&
B@ HD@L4R,F8@6 P,B@R8, 8 R,:@&,8J, " H"80, F H@R84 2D,>4b LJ>*"<,>H":\>@6 L424@:@(44. ]H4
*">>Z, <@0>@ D"2&4H\ *:b B@*(@H@&84 @P,>@8 &@2<@0>@(@ F@BJHFH&J`V,(@ 42:JR,>4b.

37. % BD,*Z*JV4N *@8:"*"N7@<4H,H" F@*,D0":@F\ 8D"H8@, 42:@0,>4,T4D@84N :"$@D"H@D>ZN
4FF:,*@&">46 &:4b>4b 42:JR,>4b >" F"<ZN D"2:4R>ZN04&@H>ZN.7D@<, H@(@, *">>Z, @ &:4b>44
42:JR,>4b $Z:4 B@:JR,>Z & D,2J:\H"H, 4FF:,*@&">4b 8DJB>ZN 2"8DZHZN 4FH@R>48@& ("<<"-
42:JR,>4b & @8DJ0"`V,6 FD,*, 4 L"8H4R,F84N 4:4 B@H,>P4":\>ZN ^LL,8H@& & 2"D"0,>>ZN
D"6@>"N. ]H4 *">>Z,, &2bHZ, &<,FH,, <@0>@ 4FB@:\2@&"H\ *:b @P,>84 @H>@F4H,:\>@6
D"*4@RJ&FH&4H,:\>@FH4 T4D@8@(@ 8DJ(" @D(">42<@& 4 &:4b>4b 42:JR,>4b >" H"84,
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4>*4&4*J":\>Z, N"D"8H,D4FH484 (F<,DH>@FH\, D@0*",<@FH\, B:@*@&4H@FH\ 4 H.*.),8@H@DZ, 4<,`H
@(D@<>@, 2>"R,>4, *:b F@ND">,>4b 2*@D@&ZN ,FH,FH&,>>ZN B@BJ:bP46.

38. % >"FH@bV,, &D,<b 7@<4H,H ">":424DJ,H ^H4 *">>Z, 4 >"<,D,> *"H\ & @*>@< 42 F&@4N
$J*JV4N *@8:"*@& >"JR>J` @P,>8J &:4b>4b B@&ZT,>>@(@ @$:JR,>4b >" BD4D@*>J` FD,*J.

AD4<,R">4b

1/ ="JR>Z6 8@<4H,H B@ *,6FH&4` "H@<>@6 D"*4"P44 ?D(">42"P44 ?$X,*4>,>>ZN ="P46
F@2*"> ',>,D":\>@6 !FF"<$:,,6 >" ,, *,FbH@6 F,FF44 & 1955(@*J, " ,(@ <">*"H 42:@0,> &
D,2@:`P44 913 (M) @H 3 *,8"$Db 1955(@*".A,D&@>"R":\>@ & F@FH"& 7@<4H,H" &N@*4:4 F:,*J`V4,
(@FJ*"DFH&"-R:,>Z: !&FHD":4b,!D(,>H4>", #,:\(4b,#D"24:4b, +(4B,H,3>*4b,7">"*",;,8F48",
E@,*4>,>>@, 7@D@:,&FH&@ %,:48@$D4H">44 4 E,&,D>@6 3D:">*44, E@,*4>,>>Z, SH"HZ
!<,D484, E@`2 E@&,HF84N E@P4":4FH4R,F84N C,FBJ$:48, KD">P4b, Q,N@F:@&"84b, S&,P4b 4
aB@>4b. %B@F:,*FH&44 R:,>F846 F@FH"& $Z: D"FT4D,> !FF"<$:,,6 & ,, D,2@:`P44 3154E
(MMVIII) @H 14 *,8"$Db 1973(@*", F@(:"F>@ 8@H@D@6 & 7@<4H,H &@T:4 3>*@>,24b,A,DJ,A@:\T",
EJ*"> 4K,*,D"H4&>"b C,FBJ$:48" ',D<">4b.AD4>b& D,2@:`P4` 41/62% @H 3 *,8"$Db 1986(@*",
!FF"<$:,b J&,:4R4:" R4F:@ R:,>@& 7@<4H,H" *@ 21 4 BD,*:@04:" 74H"` &@6H4 & F@FH"&
7@<4H,H".

2/ AD,*Z*JV4, *@8:"*Z B@ &@BD@F"< FJV,FH&" =7)!C ??= ',>,D":\>@6 !FF"<$:,,
F<. ?L4P4":\>Z, @HR,HZ ',>,D":\>@6 !FF"<$:,4, HD4>"*P"H"b F,FF4b, )@B@:>,>4, 17
(!/3838);H"< 0,, F,<>"*P"H"b F,FF4b, )@B@:>,>4, 16 (!/5216);H"< 0,,
*,&bH>"*P"H"b F,FF4b, )@B@:>,>4, 14 (!/5814);H"< 0,, *&"*P"H\ B,D&"b F,FF4b, )@B@:>,>4,

14(!/63144Corr.1);H"<0,, *&"*P"H\ R,H&,DH"b F,FF4b,)@B@:>,>4, 13(!/76134Corr.1);H"<
0,, *&"*P"H\ F,*\<"b F,FF4b,)@B@:>,>4, 25(!/87254 Corr.1);H"< 0,, HD4*P"H\ &H@D"b F,FF4b,
)@B@:>,>4, 40(!/32/40);H"<0,, HD4*P"H\ F,*\<"b F,FF4b,)@B@:>,>4, 45(!/37/45);H"<0,,
F@D@8 B,D&"b F,FF4b, )@B@:>,>4, 16(!/41/16);H"< 0,, F@D@8 HD,H\b F,FF4b, )@B@:>,>4, 45
(!/43/45) 4 H"< 0,, F@D@8 &@F\<"b F,FF4b, )@B@:>,>4, 46 (!/48/46). ]H4 *@8J<,>HZ
JB@<4>"`HFb 8"8 *@8:"*Z 2" 1958, 1962, 1964, 1966, 1969, 1972, 1977, 1982, 1986, 19884 1993(@*Z,
F@@H&,HFH&,>>@. )@8:"* 2" 1972(@* F >"JR>Z<4 BD4:@0,>4b<4 >"2Z&":Fb "3@>424DJ`V,,
42:JR,>4,: JD@&>4 4 ^LL,8HZ, H@< I: ID@&>4 4 H@< II : ]LL,8HZ" (42*">4, ?D(">42"P44
?$X,*4>,>>ZN ="P46, & BD@*"0, B@* R.72.IM.17 4 18). )@8:"* 2" 1977(@* F >"JR>Z<4
BD4:@0,>4b<4 >"2Z&":Fb "3FH@R>484 4 ^LL,8HZ 4@>424DJ`V,(@ 42:JR,>4b" (42*">4,
?D(">42"P44 ?$X,*4>,>>ZN ="P46, & BD@*"0, B@* R.77.IM.1).)@8:"* 2" 1982(@* F >"JR>Z<4
BD4:@0,>4b<4 >"2Z&":Fb "3@>424DJ`V,, 42:JR,>4,: 4FH@R>484 4 $4@:@(4R,F84, ^LL,8HZ"
(42*">4, ?D(">42"P44 ?$X,*4>,>>ZN ="P46, & BD@*"0, B@* R.82.IM.8).)@8:"* 2" 1986(@* F
>"JR>Z<4 BD4:@0,>4b<4 >"2Z&":Fb "',>,H4R,F84, 4 F@<"H4R,F84, ^LL,8HZ 4@>424DJ`V,(@
42:JR,>4b" (42*">4, ?D(">42"P44 ?$X,*4>,>>ZN ="P46, & BD@*"0, B@* R.86.IM.9).)@8:"* 2"
1988(@* F >"JR>Z<4 BD4:@0,>4b<4 >"2Z&":Fb "3FH@R>484, ^LL,8HZ 4 D4F84 4@>424DJ`V,(@
42:JR,>4b" (42*">4, ?D(">42"P44 ?$X,*4>,>>ZN ="P46, & BD@*"0, B@* R.88.IM.7).)@8:"* 2"
1993(@* F BD4:@0,>4b<4 >"2Z&":Fb "3FH@R>484 4 ^LL,8HZ 4@>424DJ`V,(@ 42:JR,>4b"
(42*">4, ?D(">42"P44 ?$X,*4>,>>ZN ="P46, & BD@*"0, B@* R.94.IX.2).

3/ #J*,H &ZBJV,> & &4*, 42*">4b *:b BD@*"04.
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)?#!%9+=3+ I

Q:,>Z >"P4@>":\>ZN *,:,("P46, JR"FH&@&"&T4, & D"$@H,
HD4*P"H\ &@F\<@6-F@D@8 HD,H\,6 F,FF46

!%EGC!93a 7.M. 9@8"> (BD,*FH"&4H,:\)

!C'+=G3=! ).#,>4>F@> (BD,*FH"&4H,:\),+. *’!<"H@,7.!D4"F,). 7">F4@,!. 7JDH4,
+. A":"F4@F

#+9['3a /. ;,2,> (BD,*FH"&4H,:\), A. '@&"DHP, C. 74DT<">>, M.A. 9,,>N"JHF,
A.M.;. 9@N<">, 7. E">8"D">"D"6">">, ). E<,,FH,DF, !. %"<$,DF4

#C!1393a /. 9">*<">>-94BTH,6> (BD,*FH"&4H,:\),
+. A,>>" KD">8" (BD,*FH"&4H,:\)

'+C;!=3a "/ !. 7"J: (BD,*FH"&4H,:\), %. #JD8"DH, I.M. ]N:4>(, %. a8@$4,
!.;. 7,::,D,D, K.+. SH4&,, 7. SHD,LL,D

+'3A+G K.M. M"<<"* (BD,*FH"&4H,:\),;.K. !N<,* (BD,*FH"&4H,:\), K. ;@N"<,*
(BD,*FH"&4H,:\), M.;. CJT*4 (BD,*FH"&4H,:\), E.+. M"T4T

3=)3a ).%. '@B4>"H (BD,*FH"&4H,:\), I. ;"*N&">"H (BD,*FH"&4H,:\),
=.7. =@H">4 (BD,*FH"&4H,:\)

3=)?=+13a E. E@,8"D>@ (BD,*FH"&4H,:\), E. %4D\@F4<4> (BD,*FH"&4H,:\), E. 1"N4D
(BD,*FH"&4H,:\), 7. %4N"DH@

7!=!)! ].'. 9,HJD>@ (BD,*FH"&4H,:\), !. !DF,>@, ).C. S"<B, C.;. S"HH,D0,,
A./. )`B@DH, %. +:"(JBB4:"4, =.+. /">H>,, #.7. 9,>H:, ).7. ;"6,DF,
C.%. ?F$@D>

73G!5 %^6 7^*"@ (BD,*FH"&4H,:\), 94 )^B4> (BD,*FH"&4H,:\),
9`MJ>Fb> (BD,*FH"&4H,:\),%^6 9`6F4>\ (BD,*FH"&4H,:\),9^> /J6B4>,
A">\ Q04Pb>, G"@ O2JL">\, I )^R">

;+7E37! +. !D"48@ E":"F"D (BD,*FH"&4H,:\)

A+CI 9.%. A4>4:\@F !TH@> (BD,*FH"&4H,:\)

A?9[S! 1. a&@D@&F846 (BD,*FH"&4H,:\), a. a>8@&F846, a. 94>4,P846,
;. %":4(@DF846, ?. C@F4,8, E. EH,D:4>F846, 3. SJ<,:\

C?EE35E7!a 9.!. 3:\4> (BD,*FH"&4H,:\), C. !:,8F"N4>, !. #"8J>b,&,
K+)+C!O3a b/ C.;. #"DNJ*"D@&, _. #J:*"8@&, %. #,$,T8@, =.!. )@:(@&", !. 'JF\8@&",

).K. M@N:@&", _. M@:4>", +. 7@<"D@&, 3.E. 7@T84>, ?. A"&:@&F846,
%.%. C,*84>, '.=. C@<">@&
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E9?%!73a F/ ;. 7:4<,8 (BD,*FH"&4H,:\), ). %48H@DZ6 (BD,*FH"&4H,:\)

E?+)3=+==?+ C.M. 7:"D8 (BD,*FH"&4H,:\), )0. )">FH,D (BD,*FH"&4H,:\),
7?C?9+%EG%? )0. ),>,8"<B, F^D C4R"D* )@::, )0.%. EH"L,D
%+937?#C3G!=33 3
E+%+C=?5 3C9!=)33

E ? + ) 3 = + = = Y + S G ! G Y
K.!. ;,HH:,D (BD,*FH"&4H,:\), 9.C. !>FB"JL, )0.). #@6F,

!;+C373 7.%.]*4>(H@>,)0.M.M"D:4,=.M.M"D:4,7. ;,6>N@:*,A.#. E,:$4,I.7.
E4>8:^D, +.I. %,$FH,D, M.?. I48@LL

EI)!= ?.3. +:"<4> (BD,*FH"&4H,:\), !. M4*"bH"::" (BD,*FH"&4H,:\)

KC!=O3a A. A,::,D4> (BD,*FH"&4H,:\), ]. 7"D*4F, C. 7J:@>, !. )`HD46@, !.
K:`D4-]D"D, !. /"<<,, /. 9"LJ<", '. 9,<^D, C. ;"FF,

S%+O3a '. #,>(HFF@> (BD,*FH"&4H,:\), 9.-+. M@:\<, 5.?. E>4NF, 9. S@$,D(, 5.
%":,>H4>

aA?=3a I. M4D"@ (BD,*FH"&4H,:\), M. ;"PJ*"6D" (BD,*FH"&4H,:\), G. !F">@, 5.
M@F@*", G. 3&"F"84, !. 7"F"4, E. 7J<"2"&", 7. ;"$JR4, G. ;"PJ2"84, 7.
=4T42"&", M. =@(JR4, 7. E"H@, 7. S4>@N"D", =. S4@<4PJ, E. a>@

AD4<,R">4b

"/ =" HD4*P"H\ &@F\<@6 4 HD4*P"H\ *,&bH@6 F,FF4bN: K,*,D"H4&>"b C,FBJ$:48"
',D<">44.

b/ =" HD4*P"H\ &@F\<@6, HD4*P"H\ *,&bH@6 4 F@D@8@&@6 F,FF4bN: E@`2 E@&,HF84N
E@P4":4FH4R,F84N C,FBJ$:48.

F/ =" HD4*P"H\ &@F\<@6, HD4*P"H\ *,&bH@6, F@D@8@&@6 4 F@D@8 B,D&@6 F,FF4bN:
Q,N@F:@&"84b.
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