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Abstract
64534,+B1",I"Aconitum"3AB"Delphinium"%43A$"1%.-+.1"#39."*..A"3%%4+.B"+A".31$.0A"I,45"/.B+-+A.",(+AK"$,"$#.+0"
(+B." 1%.-$08/" ,I" $#.03%.8$+-" 3-$+,A" +A-48B+AK" 3A$+300#>$#/+-!" 3A34K.1+-1!" A.80,4,K+-34" .$-)" T304>"
%#30/3-,4,K+-34" 1$8B+.1" 18KK.1$.B" $#3$" $#.1." A.80,$,U+A1" 3-$" 3$" 1+$." ;" ,I" 9,4$3K.VK3$.B" G3W" -#3AA.4" 3AB"
344,1$.0+-344>" /,B843$." +$1" I8A-$+,A)" @./3053*4>!" B.1%+$." ,I" 1+/+430" /,4.-8430" 1$08-$80.!" Aconitum" 3AB"
Delphinium"1%)"34534,+B1"-3A"*."B+9+B.B"+A$,"$(,"B+1$+A-$"K0,8%1&"$#."*4,-5.01"3AB"$#.",%.A.01",I"$#."1,B+8/"+,A"
-#3AA.41)"P$"(31"341,"0.%,0$.B"$#3$"$#0.."-08-+34"I8A-$+,A34"0.1+B8.1"/81$"*."%0.1.A$"+A"3"/,4.-84."I,0".U#+*+$+AK"
-#3AA.4"3-$+93$+,A&"#>B0,U>4"K0,8%"3$"E:X!"*.AJ,>4.1$.0"K0,8%"3$"E:O"3AB"3-.$>4"K0,8%"3$"EY",I"$#."4>-,-$,A+A."
15.4.$,A)"7#,8K#" $#.1." 34534,+B1" #39." 0.-.+9.B" 3" K0.3$" B.34" ,I" 3$$.A$+,A"*>"/.B+-+A34" -#./+1$1!" $#." 4+$.03$80."
1809.>" 0.184$.B" +A" 4+$$4." .9+B.A-." ,A" $#./" *.+AK" +A9.1$+K3$.B" *>"/.3A1" ,I"/,4.-8430"/,B.44+AK" $.-#A+Z8.)"6"
1.0+.1",I":Y"3A$3K,A+1$"34534,+B1"[\"*4,-5.01"3AB"\",%.A.01]"#39."*..A"1.4.-$.B"I,0"Q2X"1./+./%+0+-34"1$8B+.1"+A"
,0B.0" $," $03-." 1$08-$80.V3-$+9+$>" [1$08-$80.V$,U+-+$>]" 0.43$+,A1#+%"3$" .4.-$0,A+-" 4.9.4)"6A".U3/+A3$+,A",I" I0,A$+.0"
,0*+$341",*$3+A.B"*>"Q2X"#3/+4$,A+3A"I,0"K0,8AB"3AB"%0,$,A3$.B"I,0/1",I"$#."-,/%,8AB1"0.9.34.B"$#3$"^_2_1"
3AB"DH2_1"(.0."/3+A4>"0.%0.1.A$.B"*>"A+$0,K.A"3$,/"3AB"*.JA>4'*.AJ,>4.1$.0",0*+$341"0.1%.-$+9.4>"3AB"(+$#"`
_^"3AB"" " " " " " " "`_E_E^X"-,A$0+*8$+,A1"*.+AK"4.11" $#3A":a)"^.A-."+$"(31"-,A-48B.B"$#3$",%.A+AK",0"*4,-5+AK"
3-$+9+$+.1" 30." A,$" -,A$0,44.B" *>" I0,A$+.0" ,0*+$341" 3AB" +A1$.3B" *+,4,K+-34" 3-$+9+$>" +1" 3$$0+*8$$.B" $," 344,1$.0+-"
+A$.03-$+,A1",I"$#."34534,+B1"(+$#"$#."0.-.%$,0"1+$.!"(#+-#"+1"+A"3"K,,B"3K0../.A$"(+$#".U%.0+/.A$1)"C6V2D@6"
$.-#A+Z8." (31" 341," 3%%4+.B" I,0" $#." K.A.03$+,A" ,I" bR6@" /,B.41" I,0" $#." 1.$" ,I" *4,-5.01" 3AB" $#." ,%.A.01"
+AB+9+B8344>)"2,4.-8430"1+J."B.I+A+AK"B.1-0+%$,01"[2c"3AB"2@]"(.0."1.4.-$.B"31"$#."*.1$"%0,%.0$+.1"0.43$.B"$,"
$,U+-+$>"I,0"$#.",%.A.01d"1.$)"b83A$8/V-#./+-34"B.1-0+%$,01"[.A.0K>",I"DH2_"3AB"^_2_VDH2_".A.0K>"K3%]"
#39."*..A"+B.A$+I+.B"I,0"$#."*4,-5.01)""
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Abbreviations and notations 
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2D@6!"/84$+%4."4+A.30"0.K0.11+,A"3A34>1+1" ^_2_!"#+K#.1$",--8%+.B"/,4.-8430",0*+$34"
C6!"K.A.$+-"34K,0+$#/" DH2_!"4,(.1$"8A,--8%+.B"/,4.-8430",0*+$34"
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1 INTRODUCTION 

L,4$3K.VK3$.B"1,B+8/"-#3AA.41"30."$03A1/./*03A."%0,$.+A1"0.1%,A1+*4."I,0"1+KA34"$03A1B8-$+,A"3AB"
3/%4+I+-3$+,A!"3AB"30."%0+/30>"/,4.-8430"$30K.$1"I,0"1.9.034"K0,8%1",I"A3$80344>",--800+AK"A.80,$,U+A1"
3AB"3"A8/*.0",I"B08K1"j:VOk)"_A.",I"$#.1."K0,8%1"+1"0.%0.1.A$.B"*>"4+%+BV1,48*4."A.80,$,U+A1"$30K.$+AK"
$>%.";"0.-.%$,0"1+$.",A"9,4$3K.VK3$.B"G3W"-#3AA.41)"R+$.";"$,U+A1"30.",I"9.0>"B+9.01."-#./+-34"1$08-$80.1"
3AB"3"A8/*.0",I"1$8B+.1",A"/.-#3A+1/1",I"3-$+,A"18KK.1$"$#3$"$#.>"%0,/,$."G3W"-#3AA.4",%.A+AK"*>"
+AB+0.-$" 344,1$.0+-" +A$.03-$+,A1" je!hk)" 7#." 0.-.A$" +A9.1$+K3$+,A1" 1#,(.B" $#3$" 0.-.%$,0" 1+$." ,I" $#.1."
A.80,$,U+A1" 3%%.301" $," *." 3Bl3-.A$" $," ,0" ,9.043%" (+$#" $#3$" I,0" 1,B+8/" -#3AA.4" *4,-5.01"
[3A$+-,A98413A$1!"3A$+B.%0.113A$1!"4,-34"3A3.1$#.$+-1!"3A$+300#>$#/+-1".$-)]jhk)"

F+$.0%.A."34534,+B1"+1,43$.B"I0,/"Delphinium"3AB"Aconitum"%43A$"1%.-+.1"30."$30K.$1",I"-,A1+B.03*4."
+A$.0.1$"3AB"1$8B+.1"31"$#.>"*.4,AK"$,"1+$.";"A.80,$,U+A1"jMk)"Q303B,U+-344>!"B.1%+$.",I"1+/+430"/,4.-8430"
1$08-$80.1" $#.1." 34534,+B1" .U#+*+$" 3A$3K,A+1$+-" 34$.03$+,A" ,I" 1,B+8/" -#3AA.4" I8A-$+,A" 3AB" $#.0.I,0."
B+II.0.A$"$#.03%.8$+-"3-$+,A"jYV:Xk)"PA"%30$+-8430!"3-,A+$+A.V$>%."-,/%,8AB1"30."18KK.1$.B"$,"*+AB"(+$#"
#+K#"3II+A+$>"$,"3-$+93$.B"1,B+8/"-#3AA.41"3AB"1#+I$"-,AI,0/3$+,A34".Z8+44+*0+8/"$,(30B"$#."3-$+93$.B"
1$3$.)"_A"$#."-,A$030>!",$#.0"K0,8%",I"34534,+B1"+1,43$.B"I0,/"$#."13/."%43A$"1%.-+.1"3AB"#39+AK"9.0>"
1+/+430" [#.$.03$+1+A." 3AB" A3%.44+A.]" ,0" .9.A" +B.A$+-34" [4>-,-$,A+A.]" -,0." 15.4.$,A1" $," 3-,A+$+A." 30."
0.%,0$.B" $," %,11.1" 1$0,AK" 3A$+A,-+-.%$+9.!" 3A$+300#>$#/+-" 3AB" 3A$+.%+4.$+I,0/" %0,%.0$+.1" B8." $," 3"
*4,-53B." ,I" $#." 9,4$3K.VB.%.AB.A$" 1,B+8/" -#3AA.4)" 7#81!" 31" +$" (31" B./,A1$03$.B" .304+.0!"
300#>$#/,K.A+-".II.-$",I"3-,A+$+A."-3A"Z8+-54>"*."0.9.01.B"*>"3A$+300#>$#/+-"3K.A$"43%%3-,A+$+A.)"7#."
/,1$"+A$.0.1$+AK"I3-$"3*,8$"$#.1."$(,"34534,+B1"+1"$#3$"$#.>"*,$#"*.4,AK"$,"$#."18*K0,8%"-,/%0+1.B",I"
/,4.-84.1"(+$#"4>-,-$,A+A."15.4.$,A"j:;k)"61"+$"(31"0.%,0$.B".41.(#.0."j:;k!"$#.0."30."O"3-$+9."0.K+,A1"
+A" 3-,A+$+A."/,4.-84.&" A+$0,K.A" 3$,/" ,I" 4>-,-$,A+A." 15.4.$,A" $#3$" 3-Z8+0.1" 3" 1$0,AK" %,1+$+9." -#30K."
(#.A" %0,$,A3$.B" +A" 3" 1,48$+,A!" 3AB" $#0.." I8A-$+,A34" 0.1+B8.1" [#>B0,U>4" K0,8%" 3$" E:X!" *.AJ,>4.1$.0"
K0,8%"3$"E:O"3AB"3-.$>4"K0,8%"3$"EY]"%43>+AK"3"-08-+34"0,4."I,0".U#+*+$+AK"-#3AA.4",%.A+AK"%0,%.0$+.1"
[?+K):])"PA$.0.1$+AK4>!"$#."3*1.A-.",I"3A>",I"I8A-$+,A34"K0,8%1"/.A$+,A.B"0.184$1"+A"*4,-53B.",I"1,B+8/"
+,A"-#3AA.4)"

D30K." A8/*.01" ,I" 930+,81" K0,8%1" ,I" 1,B+8/" -#3AA.4" *+AB.01" #39." *..A" $#." $30K.$1" ,I" .U$.A1+9."
/84$+B+1-+%4+A30>"1$8B+.1"+A-48B+AK"-,/%8$3$+,A34"3%%0,3-#)"7#+1"+1"/3+A4>",(+AK"$,"%0,9.A"$#.03%.8$+-"
9348." ,I" 9,4$3K.VK3$.B" 1,B+8/" -#3AA.4" /,B843$,01" +A" 4,-34" 3A3.1$#.1+3!" -30B+3-" 300#>$#/+3!" %3+A!"
.%+4.%1>!" 1$0,5." 3AB" ,$#.0" B+1,0B.01" jY!\k)"6" 4+$.03$80." 1809.>" 0.9.34.B" -,/%8$3$+,A34" 3AB"/,4.-8430"
/,B.44+AK" $.-#A+Z8." #39." *..A" 81.B" %0+/30+4>" I,0" B.9.4,%+AK" bR6@1" 3AB" %#30/3-,%#,0." /,B.4"
K.A.03$+,A"j:Ok"31"XF"UV03>"1$08-$80.",I"1,B+8/"-#3AA.4"+1"A,$"393+43*4.">.$)"7#.1."$(,"$.-#A+Z8.1"30."
-,A1+B.0.B" 93483*4." $,,41" +A" B.1+KA" ,I" 1,B+8/" -#3AA.4" /,B843$,01" 3AB" 3A>" ,$#.0" B08K1" ,I" *.$$.0"
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.II+-3->)" 2,0.,9.0!" .U+1$+AK" %30344.4+1/" *.$(..A" $(," ,0" /,0." 3-$+9+$+.1" .U#+*+$.B" *>" G3W" -#3AA.4"
*+AB.01"[I,0".U3/%4."3A$+300#>$#/+-"3K.A$1"%,11.1"341,"4,-34"3A3.1$#.$+-"3-$+9+$>]"j:ek"0.184$1"+A"#+K#4>"
8A+9.0134"bR6@"3AB"%#30/3-,%#,0."/,B.41"K.A.03$.B)""

"
?+K80.":)" 6-,A+$+A." 34534,+B"/,4.-84." [6]" (+$#" $#0.." I8A-$+,A34" 0.1+B8.1" 0.1%,A1+*4." I,0" $#."

1,B+8/" -#3AA.4" ,%.A+AK" 3-$+9+$>" 3AB" +$1" 1,B+8/" -#3AA.4" 3A$3K,A+1$" /,B843$,0"
D3%%3-,A+$+A."34534,+B"/,4.-84."[=]"

7#,8K#"Delphinium" 3AB"Aconitum" 34534,+B1" #39." *..A" 5A,(A" I,0" -.A$80+.1" 3AB" 3%%4+.B" +A" I,45"
/.B+-+A." I,0" $#.+0" 3A34K.1+-!" 3A$+0#.8/3$+-" 3AB" A.80,4,K+-34" +AB+-3$+,A1!" $#.>" #39." 0.-.+9.B" 4+$$4."
3$$.A$+,A" ,I" -,/%8$3$+,A34" -#./+1$1)" ^.A-." ,A4>" 0.-.A$4>" 3" bR6@" 3A34>1+1" ,I" $#." 3A34K.1+-" 3AB"
3A.1$#.$+-" %0,%.0$+.1" I,0" :;"Aconitum" 34534,+B1" #31" *..A" 0.%,0$.B" j:h!:Mk)"7#." $,U+-+$>'3-$+9+$>" B3$3"
393+43*4." I,0" $#.1." 34534,+B1" 3AB" $#." +A$0+K8+AK" 1,B+8/" -#3AA.41"/,B843$+,A" .U#+*+$.B" [,%.A.01" 3AB"
*4,-5.01"+A",A."#,/,4,K,81"1.0+.1]"/35."$#./"9.0>"+A$.0.1$+AK"$30K.$1"I,0"/,4.-8430"/,B.44+AK"1$8B+.1)"
7#."%0.1.A$"(,05"3$$./%$1"$,"1#.B"1,/."4+K#$",A"3A$3K,A+1$"G3W"-#3AA.4"/,B843$+,A",I"Delphinium"3AB"
Aconitum" 1%.-+.1" 34534,+B1" *>" $03-+AK" 1$08-$80.V3-$+9+$>[$,U+-+$>]" 0.43$+,A1#+%" 3$" .4.-$0,A+-" 1$08-$80."
4.9.4)"

2 MATERIALS AND METHODS 

2.1 Training Compounds 

R.4.-$+,A",I"B+$.0%.A."34534,+B1"I,0"Z83A$8/V-#./+-34" +A9.1$+K3$+,A1"#31"*..A"%.0I,0/.B".A180+AK"
3A".Z834"A8/*.0",I"-#3AA.4"*4,-5.01"3AB",%.A.01"+A"3"1.0+.1"[?+K)";])"2,0.,9.0!"1$08-$80.1"/3U+/344>"
0.43$.B"$,"3-,A+$+A."34534,+B"[1$0,AK"3-$+93$,0]"*8$"(+$#"930+,81"-,/*+A3$+,A1",I"$#0.."-08-+34"0.1+B8.1"
(.0.",I"$#."I+01$"-#,+-.)""

"
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7 aconine (b) R1=OH; R2=OCH3; R8=C2H5

8 benzoylaconine (b) R1=OH; R2=OCH3; R6=COC6H5; R8=C2H5

9 3,13,15-threeacetylaconitine (b) R1=OCOCH3; R2=OCH3; R3=R5=R7=COCH3; R6=COC6H5; R8=C2H5

10 aconitine (o) R1=OH; R2=OCH3; R3=COCH3; R6=COC6H5; R8=C2H5

11 aconiphine (o) R1=R4=OH; R2=OCH3; R3=COCH3; R6=COC6H5; R8=C2H5

12 altaconitine (o) R=R1=OH; R2=OCH3; R3=COCH3; R6=COC6H5; R8=C2H5

13 mesaconitine (o) R1=OH; R2=OCH3; R3=COCH3; R6=COC6H5; R8=CH3

14 noraconitine (o) R1=OH; R2=OCH3; R3=COCH3; R6=COC6H5; R8=H 
15 hyppaconitine (o) R2=OCH3; R3=COCH3; R6=COC6H5; R8=CH3

16 3-monoacetylaconitine (o) R1=OCOCH3; R2=OCH3; R3=COCH3; R6=COC6H5; R8=C2H5

17 3,15-diacetylaconitine (o) R1=OCOCH3; R2=OCH3; R3=R7=COCH3; R6=COC6H5; R8=C2H5

18 3,15- dibenzoylaconitine (o) R1= COC6H5; R2=OCH3; R3=COCH3; R6=R7=COC6H5; R8=C2H5

(b)"`"1,B+8/"-#3AA.4"*4,-5.0g"(o)"`"1,B+8/"-#3AA.4",%.A.0"
"
?+K80.";)" 6"1.0+.1",I"Aconitum"3AB"Delphinium"34534,+B1"1$8B+.B)"

"
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2.2 Biological Data 

7,U+-+$>" B3$3" 81.B" +A" $#+1" 1$8B>" +1" $35.A" I0,/" $#." 0.I.0.A-." j:;k)" 7#." B3$3" 18KK.1$1" 34354,+B1"
+AB8-+AK"1,B+8/"-#3AA.4"3-$+93$+,A"30."/,0."$,U+-"$#3A"$#,1."34534,+B1"$#3$"*4,-5"G3W"+,A"%.0/.3$+,A"
$#0,8K#" $#."-#3AA.41)"644",0+K+A34"DFeN" $,U+-+$>"B3$3" [/K'5K]"#31"*..A"-,A9.0$.B" $,"/,430"`4,KDFeN"
0.1%,A1."930+3*4.1)""

2.3 Molecular Modelling 

644"/,4.-8430"/,B.41"(.0."*8+4B"81+AK" $#."^>%.0-#./"h):"1,I$(30."%3-53K."j:Yk)"7#."2,4.-8430"
2.-#3A+-1" [22W]" I,0-." I+.4B" (31" 3%%4+.B" I,0" %0.4+/+A30>" 1$08-$80." ,%$+/+13$+,A" 3AB" 1$8B>" ,I" $#."
-,AI,0/3$+,A34" *.#39+,80" ,I" .3-#" 34534,+B)"2,4.-8430" /.-#3A+-1" #31" *..A" 1#,(A" $," %0,B8-." /,0."
0.34+1$+-" K.,/.$0>" 9348.1" I,0" $#." /3l,0+$>" ,I" ,0K3A+-" /,4.-84.1" ,(+AK" $," $#." I3-$" ,I" *.+AK" #+K#4>"
%303/.$.0+1.B"j:\k)"7#."A.U$"1$.%"(31"3"0.V,%$+/+13$+,A",I"$#."22W",%$+/+1.B"1$08-$80.1"+A"2_Q6E"M"
%3-53K."j;Nk"3%%4>+AK"Q2X"#3/+4$,A+3A)"b83A$8/"/.-#3A+-34"/.$#,B"#31"*..A"81.B"+A",0B.0"$,",*$3+A"
3A"3--803$."-#30K."B+1$0+*8$+,A"3AB"$#.".A.0K>",I"I0,A$+.0",0*+$341"I,0".3-#"-,/%,8AB"+A"$#."1.0+.1)""

2.4 QSAR and Statistical Software

Q0.4+/+A30>" /,B.41" 1.4.-$+,A" (31" %.0I,0/.B" *>" /.3A1" ,I" C6V2D@6" j;:k" $.-#A+Z8." 31"
+/%4./.A$.B"+A"$#."=8+4BbR6@"j;;k"%0,K03/)"7#+1"3%%0,3-#"344,(1"1.4.-$+,A",I"$#."/,B.41"(+$#"$#."
I,44,(+AK"-#303-$.0+1$+-1&" #+K#"Z83B03$+-" -,00.43$+,A" -,.II+-+.A$"@;!" 4,("1$3AB30B"B.9+3$+,A"R"3AB" $#."
4.31$" A8/*.0" ,I" B.1-0+%$,01" +A9,49.B)" G.U$!" $#." GERR\Y" j;Xk" %0,I.11+,A34" 1,I$(30." %3-53K." (31"
3%%4+.B"I,0"B.$3+4.B"1$3$+1$+-34"3A34>1+1",I"$#."/,B.41",*$3+A.B)"7#81!"$#."#+K#"?+1#.0"-,.II+-+.A$"?!"A,AV
-,44+A.30"B.1-0+%$,01!"3AB"$#."1+KA+I+-3A-."4.9.4"Q"930+3*4."1.09.B"31"3BB+$+,A34"1.4.-$+,A"%303/.$.01)"6"
I+A34"1.$",I"bR6@1"(31"+B.A$+I+.B"*>"3%%4>+AK"$#."m4.39.V,A.V,8$n"$.-#A+Z8."(+$#"+$1"%0.B+-$+AK"3*+4+$>"
*.+AK" .93483$.B" 3AB" -,AI+0/.B" *>" -0,11" 934+B3$+,A" -,.II+-+.A$" b;" *31.B" ,A" %0.B+-$+9." .00,0" 18/" ,I"
1Z830.1"[RQ@TRR])"Q#>1+-,-#./+-34"B.1-0+%$,01"81.B"+A" $#+1"1$8B>"#39."*..A"-34-843$.B"3%%4>+AK"$#."
DRAGON"%0,K03/"j;Ok)""

3 RESULTS AND DISCUSSION 

3.1 PM3 Calculations 

644":Y"-,/%,8AB1" +A-48B.B" +A" $#+1" 1$8B>"30." 1#,(A" +A"?+K);",I"(#+-#"\"30."*4,-5.01"3AB",$#.0"\"
-,/%,8AB1" 30." ,%.A.01" ,I" 1,B+8/" +,A" -#3AA.4)" Q2X" K.,/.$0>" ,%$+/+13$+,A" I,44,(.B" *>" B.$3+4.B"
+A9.1$+K3$+,A1",I" I0,A$+.0",0*+$341"(.0."-300+.B",8$" +A",0B.0" $," 0.9.34"(#.$#.0".4.-$0,A+-" I.3$80.1",I"3"
/,4.-84." (,84B" 0.I4.-$" $#." /,B843$+,A" .II.-$" A3$80." ,I" $#." %30$+-8430" 34534,+B)" ?,80" +/%,0$3A$"
/,4.-8430" ,0*+$341" (.0." 3A34>1.B" +A-48B+AK" #+K#.1$" ,--8%+.B" /,4.-8430" ,0*+$34" [^_2_]!" 1.-,AB"
"
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#+K#.1$"/,4.-8430",0*+$34"[^_2_V:]!"4,(.1$"8A,--8%+.B"/,4.-8430",0*+$34"[DH2_]"3AB"1.-,AB"4,(.1$"
8A,--8%+.B"/,4.-8430" ,0*+$34" [DH2_V:])" Q.0-.A$3K." -,A$0+*8$+,A1" I0,/" .3-#" 3$,/" $," ^_2_1" 3AB"
DH2_1"30."-,44.-$.B"+A"73*4.":)"

73*4.":)" ^_2_1"3AB"DH2_1"/3+A"-,A$0+*8$,01",*$3+A.B"*>"Q2X"/.$#,B"

N

OCH3

O CH3

C

O

O N O

CH3

H

N

O

O

O

O

O
41 21

34

20
39

10

12

23

7

18
19

22 24

1411

4

6

35

25

32

29

30

"
C0,8AB"1$3$." Q0,$,A3$.B"?,0/"

^_2_" DH2_" DH2_" ^_2_"

E,/%"

o"

TA.0K>!"

.L"

G;XR!"

Q[U!>!J]"

a"

EM!"E:N!"

E:;!"

E;e"

a"

TA.0K>!"

.L"

"

_;:!"

EXO!"

_O:"

a"

=.AJ>4"

a"

TA.0K>!"

.L"

G;XR!"

Q[U!>!J]"

a"

EM!"

E:;!"

E;e"

a"

TA.0K>!"

.L"

=.AJ>4"

a"

:<" V\)NOO" MX)YO" Y)X;" VN)XNO" `" \h)O" VX)M\M" Xe)eM" O\)hh" V:;)OY:" \Y)Xe"

;<" VY)e\Y" M;)NY" \)\\" VN)::;" `" \e);\" VX)XMh" Xh)N" O\)Ne" V:;)OY;" \\)eO"

X" VY)MXe" MX)e:" Y)\\" ;)OM;a" `" `" VX)eOY" Xe)hX" eN)XX" V:X):hOa" `"

O" VY)MO:" MX)O;" \)\X" VN)X;X" :;)hO" M\)M:" VX)OhX" Xe)OY" eN)X:" V::)hYY" \M):h"

e" VY)YeN" MX)O;" M)MM" VN):\N" ::):X" Y:)OM" VX)eM\" Xe)e\" eN)XN" V::)e;N" \\)\O"

h" VY)Y\M" MX)OY" Y)M\" VN)hXO" :h)Nh" M:)Y" VX)e;M" Xe)XO" eN)N:" V:N)\;Yb" OY)OM"

M" VY)\e:" M;)\h" Y)hX" ;);\Nc `" `" VX);:h" Xe)eN" Oe)\N" V:;)\;Nc `"

Y" V\)NNY" M;)\:" Y)hO" VN):eY" :O)hX" YX)OM" VX);MY" Xe)eN" eN)e\" V::)O\e" \\)M\"

\" VY)hM\" MO);\" M)M:" VN):Mh" `" \;)M:" VX)Ne:" Xe)eh" OY)eX" V::)hh\" \Y)OX"

:N" VY)\ON" M;)\O" Y)ee" VN)XXX" :O)X;" YN);" VX);Ne" O\);O" Xe)e:" V::)heY" \M)MX"

::" VY)\OO" MX)N\" Y);Y" VN)OXh" :h)eX" Y;)OY" VX):Yh" Xe)M:" eN)OY" V::)MNe" \Y)Y\"

:;" V\)NOX" M;)\" Y)Y" VN)XYM" :O)eX" YX)X" VX)OYN" Xe)e:" O\)e\" V::)MX\" \Y)NY"

:X" VY)\XO" M;)eh" Y);X" VN)XXO" :O)X" YX)hY" VX);he" Xh)X:" O\)X\" V::)hee" \\):\"

:O" V\):eh" M;)O" Y)O;" VN);\Y" ::)hM" YO)MX" VX)X:;" XO)he" XY)hY" V::)MN:" \M)NY"

:e" VY)Me\" M;)e;" Y)Ne" VN);YM" :X)Y" YO):O" VX)Ohe" Xh);h" OY)h;" V::)hYX" \M)\\"

:h" VY)hOh" MO)Xh" M)hO" N):O;" `" \:):Y" VX)N;M" Xe)NX" O\)Yh" V::)MOh" \Y)NY"

:M" VY)eYY" MO)Xe" M)M:" VN):hX" `" YY)Y;" V;)\hO" Xe)hX" eN)Ne" V::)MM\" \Y):h"

:Y" VY)e;h" MO):O" Y)h:" VN)X\;" `" \e)O" V;)YYN" Xe)M:" eN)NO" V::)MX\" \\)e:"
<I,0"1+/%4+-+$>"0.31,A"#.$.03$+J+A."3AB"A3%.44+A."15.4.$,A"#39."*..A"A8/*.0.B"+A"$#."13/."/3AA.0"
aDH2_&"EO"[X)Ya]!"Eh"[O)\a]!"EM"[:;)h\a]!"E:;"[:;)OYa]!"G;X"[;h)N:a]!"E;e"[::):\a]"
a^_2_&"E:\"[M)ea]!"E;N"[e)Nea]_;;"[OO)Y\a]!"E;O"[h)Xea]!"
b^_2_&"GXe"[X\)\ea]!"_X\[M)eYa]"
"
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cDH2_&"E::"[e):a]!"E:O"[:N)\a]!"E:Y"[X);a]!"E:\"[:O)YYa]!"E;N"[;X)hXa]!"_;;"[:;)\Oa]!"E;O"[h)\a]"
c^_2_&"E:O"[;)XYa]!"E:Y"[;)Ya]!"E:\"[::);Ya]!_XN"[:\)\Ya]!"_;\"[;)Ya]!"_X;"[;N)O:e]"

2,4.-8430",0*+$341"3A34>1+1"1#,(.B" $(,"B+1$+A-$" 4,-3$+,A"1+$.1" I,0".3-#"^_2_&" $#."^_2_1"(.0."
/3+A4>" 0.%0.1.A$.B" *>" -,A$0+*8$+,A1" ,I" 4>-,-$,A+A." -30-311" A+$0,K.A" 3$,/" ,0*+$341!" (#+4." 344" $#."
^_2_V:1" (.0." -,/%0+1.B" ,I" *.AJ,>4.1$.0d1" 3$,/" ,0*+$341)" DH2_1" 3AB" DH2_V:1" (.0." 4,-3$.B"
/,1$4>",A"*.AJ>4'*.AJ,>4.1$.0"K0,8%"3%30$"I0,/"$343$+J3/+A."3AB"3-,A+A."34534,+B1"(+$#"A,"18-#"1+B."
-#3+A"[73*4.:])"G,"-,A$0+*8$+,A"I0,/"A+$0,K.A"3$,/",0*+$341"#31"*..A"B.$.-$.B"I,0"$#.1.",0*+$341)"7#."
.+K.A9348.1" ,I"^_2_"3AB"^_2_V:1" 30." I,8AB" $," B+II.0" I0,/" .3-#" ,$#.0" *>"N):" `" :" .L)"7#+1" I3-$"
$,K.$#.0"(+$#"4+/+$3$+,A1"5A,(A"I,0"1./+V./%+0+-34"/.$#,B1"/35.",A."$,"B,8*$"(#.$#.0"A+$0,K.A"3$,/"
(+$#"$#."4,A.".4.-$0,A"%3+0"393+43*4."+1"3"$08."^_2_",0"+$"+1"/,0."4+5.4>"3"*.AJ>4"0+AK"(+$#"%V.4.-$0,A"
1>1$./"I,0/1"$#+1"/,4.-8430",0*+$34)"PA$.0.1$+AK4>!"$#."^_2_"[3AB"^_2_V:]"K.,/.$0+.1"(.0."34/,1$"
+B.A$+-34"I,0".3-#"34534,+B"+A"3"1.$"3AB"$#.0.I,0."A,"B+II.0.A-."+AB8-.B"3$"%#>1+-,-#./+-34"4.9.4"(,84B"
*.".U%.-$.B)"D+5.(+1.!"3I$.0"#39+AK"3"-4,1."4,,5"3$"DH2_1"A,"18*1$3A$+34"I.3$80.1"#39."*..A"+B.A$+I+.B"
$#3$"(,84B"#.4%"$,"B+1$+AK8+1#"(#.$#.0"%30$+-8430"1$08-$80."+1"3-$+93$,0",0"*4,-5.0",I"G3W"-#3AA.41)"7#."
I+K80." X" 1#,(1" DH2_1" %4,$$.B" I,0" *.AJ,>4A3%.44+A." [1$0,AK" *4,-5.0]!" *.AJ,>43-,A+A." [*4,-5.0]!"
3-,A+$+A." [1$0,AK" 3-$+93$,0]" 3AB" 43%%3-,A+$+A." [1$0,AK" *4,-5.0]" $#3$" 30." B+1$0+*8$.B" ,A" *.AJ,>4.1$.0"
K0,8%" +00.1%.-$+9.4>",I" +$1" 3$$3-#/.A$"%,1+$+,A)"2,0.,9.0!" +$" -4.304>"B./,A1$03$.1" $#3$" $#0..".11.A$+34"
I8A-$+,A34" K0,8%1" B," A,$" %30$+-+%3$." 34$,K.$#.0" +A" $#+1" /,4.-8430" ,0*+$34" I,0/3$+,A&" %.0-.A$3K."
-,A$0+*8$+,A" ,I" `_^" [+A" Y" 3AB" :N]" 3AB" `_E_E^X" [+A" :N]" (.0." 4.11" $#3A" :)" 7#." .U-.%$+,A" +1"
*.AJ,>4.1$.0"K0,8%"[3*,8$"\NV\ea]"(#+-#",A4>"-,A$0+*8$+,A"+1"A,$".A,8K#"I,0",%.A+AK"$#."1,B+8/"+,A"
-#3AA.41)"

7,U+-+$>" 3AB',0" $#.03%.8$+-" 3-$+,A" ,I" /3A>" /.B+-+A34" 3K.A$1" 1$0,AK4>" B.%.AB" ,A" 1,48*+4+$>" ,I" 3"
/,4.-84."(#+-#"18*1.Z8.A$4>"B.I+A.1"+$1"*+,393+43*+4+$>)"7.0$+30>"A+$0,K.A"%0.1.A$"+A".3-#"/,4.-84."+1"3"
-.A$0." (+$#" $#." #+K#.1$" %0,$,A" 3II+A+$>" 3AB" $#.0.I,0." ,A-." B08K" +1" +A" (3$.0" $#." I,44,(+AK" 0.3-$+,A1"
,--80&"

^;_"p"^W"W_^`"

@XG"W"^W"p"@XG^W"

7#." A.U$" A3$8034" 1$.%" (31" $," .U%4,0." 0.V3003AK.B" .4.-$0,A+-" 1$08-$80." ,I" 34534,+B1" +AB8-.B" *>"
%0,$,A3$+,A" ,I" $.0$+30>" A+$0,K.A)" 7#." -30.I84" .U3/+A3$+,A" ,I" /,4.-8430" ,0*+$341" 0.9.34.B" $#3$" $#."
,0*+$341"-,00.1%,AB+AK"$,"A+$0,K.A"3$,/"#39."3-Z8+0.B"3"4,(.0".A.0K>"31"$#."0.184$",I"+$1"%0,$,A3$+,A)"
^.A-.!" $#."^_2_"#31"/,9.B" $," $#." J,A.",I" +AA.0",0*+$341!"(#+4."DH2_"#31"A,("3%%.30.B" +A" $#."
J,A.",I"I0,A$+.0",0*+$341"[73*4.":])"61"-3A"*."1..A"I0,/"$#."$3*4.":!"%0,$,A3$.B"A+$0,K.A"3AB"+$1"-4,1.1$"
A.+K#*,80+AK"-30*,A"3$,/1"#39."A,("-,/%0+1.B"DH2_!"(#+4."^_2_"+1"0.%0.1.A$.B"*>"*.AJ>4"K0,8%"
"
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,A4>)" 7#." 1/344" -#3AK.1" +A" 4,-3$+,A1" ,I" /,4.-8430" ,0*+$341" #39." *..A" ,*1.09.B)" 7#81" DH2_" #31"
14+K#$4>" 1#+I$.B" $,(30B1" EM!" E:;" 3AB" E;e" 3$,/1" (+$#" A+$0,K.A" 3$,/" -,A$0+*8$+,A" *.+AK" B.-0.31.B"
$(+-.)"7#."^_2_1"#39."*..A"4,-3$.B".U-481+9.4>",A"*.AJ>4"0+AK"I,0".3-#"34534,+B"(+$#"A,".1$.0"K0,8%"
-,A$0+*8$+,A)" 6K3+A!" -4,1." 9348.1" ,I" DH2_" 3AB" DH2_V:" [q" :)e" .L]" #39." *..A" ,*1.09.B" I,0"
%0,$,A3$.B"I,0/1",I"34534,+B1)"

"

"
"

?+K80."X)" DH2_"+1,180I3-.1",I"*.AJ,>4A3%.44+A.";!"*.AJ,>43-,A+A."Y!"3-,A+$+A.":N"3AB"
43%%3-,A+$+A."h"[%,1+$+9."`"K0..Ag"A.K3$+9."`"9+,4.$]"

7#."43$$.0",*1.093$+,A1"#39."1#,(A!"$#3$"3A$3K,A+1$"/,B843$+AK"3-$+,A",I"Aconitum"3AB"Delphinium"
B+$.0%.A."34534,+B1"30."4+5.4>"$,"*."0.K843$.B"*>"344,1$.0+-"+A$.03-$+,A1"3AB"A,$"*>"I0,A$+.0",0*+$341)""

"
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3.2 QSAR Analysis 

7#."A.U$"3%%0,3-#"$,"*."3%%4+.B"(31"bR6@"3A34>1+1)"6+/+AK"$,"+B.A$+I>"(#+-#",I"%#>1+-,-#./+-34"
B.1-0+%$,01" [/,430" 0.I03-$+9+$>" 2@!" /,4.-8430" (.+K#$!" 2c!" 4>%,%#+4+-+$>" 24,KQ" .$-)]" ,0" Z83A$8/V
-#./+-34" -#303-$.0+1$+-1" [.A.0K>" ,I" ^_2_!" TA.0K>" ,I" DH2_!" ^_2_" 3AB" DH2_" .A.0K>" K3%"
-34-843$.B" I,0" *,$#" K0,8AB" 3AB" %0,$,A3$.B" 1$3$.1]" -,00.43$.1" *.1$"(+$#" $,U+-+$>" B3$3"(." *8+4$" 1.9.034"
bR6@"/,B.41)"7#."1$3$+1$+-34"1+KA+I+-3A-.",I".3-#"/,B.4"+1".93483$.B"*>"$#."-,00.43$+,A"-,.II+-+.A$"r!"
1$3AB30B".00,0"s!"3Bl81$.B"0V1Z830.B"r2

adj!"FV$.1$"9348.!"1+KA+I+-3A-."4.9.4",I"$#."/,B.4"P!"4.39.V,A.V,8$"
-0,11V934+B3$+,A"-,.II+-+.A$"Q2"3AB"%0.B+-$+9.".00,0"18/",I"1Z830.1"SPRESS)"7#."B.1-0+%$,01"j;ek"81.B"
+A"$#+1"1$8B>"30."-,44.-$.B"+A"73*4.1";"3AB"X)"

"

73*4.";)" Q#>1+-,-#./+-34"B.1-0+%$,01"3%%4+.B"+A"$#+1"1$8B>"
"
64534,+B"

eNLD "
/K'5K<"

4,K ":eN
!LD

[/,430]"

2@" 7QR6" 24,KQ" 2c" A^F,A" A^6--"

hV*.AJ,>4#.$.03$+J+A." e)N" e)N" :;M)\\X" he)NM" X)YOM" O\e)hM" X" M"
:V*.AJ,>4A3%.44+A." XN" O):\" :;h)::X" ;\)eO" O)ehh" OhX)hM" ;" e"
7343$+13/+A." ::N)N" X)eY" ::N):XY" XN)\X" ;);X;" O;:)hO" O" h"
:OV*.AJ,>4$343$+13/+A." ;e)N" O)X;" :X\)OhX" eM);X" X)eNO" e;e)Me" X" M"
YV3-.$>4V:OV*.AJ,>4V
$343$+13/+A."

:e)N" O)eY" :OY)h:O" YX)eX" X)Yee" ehM)M\" N" Y"

D3%%3-,A+$+A." e)\" e)N" :OY)\:" MO)X" ;)Nh:" eYO)MY" M" :N"
6-,A+A." ;NN" X)O" ::\)\X;" ON):h" VN)eXM" O\\)hM" \" :N"
=.AJ,>43-,A+A." :h" O)eY" :O\);eh" hh)Oh" N)Me" hNX)MY" Y" ::"
X!:X!:eV$#0..3-.$>43-,A+$+A." :eN" X)M:" :Ye)Yh;" :M:)hh" ;);hX" MM:)\O" N" :e"
6-,A+$+A." N):;e" h)M:" :eY)ONY" \;)Mh" :):;M" hOe)Y;" e" :;"
6-,A+%#+A." N);;" h)OY" :e\)eX;" \;)Mh" N)O:h" hh:)Y;" Y" :X"
64$3-,A+$+A." ;);" e)OY" :e\)eNe" \;)Mh" N)O:h" hh:)Y;" h" :X"
2.13-,A+$+A." N)NYe" h)YM" :eX)hh" \;)Mh" N)\OO" hX:)M\" e" :;"
G,03-,A+$+A." N):e" h)h:" :OY)MhX" Y\)e;" N)Me\" h:M)Mh" h" :;"
^>%%3-,A+$+A." N):h" h)eY" :e;):YM" \;)Mh" :)hh:" h:e)M\" O" ::"
XV/,A,3-.$>43-,A+$+A." N);M" h)O" :hM)ee\" ::\)Nh" :)eNh" hYM)Yh" O" :X"
X!:eVB+3-.$>43-,A+$+A." X)e" e)X:" :Mh)M::" :Oe)Xh" :)YYe" M;\)\" X" :O"
X!:eVB+*.AJ,>43-,A+$+A." :X);" O)Y:" ;:M)Neh" :Oe)Xh" X)hO" YeO)NO" X" :O"

* "9348.1"#39."*..A"$35.A"I0,/"0.I.0.A-."j:;k"eNLD
2@" `" C#,1.VC0+%%.A"2,430" @.I03-$+9+$>!" rQR6" `" 7,%,4,K+-34" Q,430" R80I3-." 60.3!"24,KQ" `"2,0+K8-#+" ,-$3A,4V(3$.0"
%30$+$+,A"-,.II+-+.A$"[F@6C_G"-,B.]!2c"`"2,4.-8430"c.+K#$!"A^F,A"`"A8/*.0",I"B,A,0""3$,/1"I,0"^V*,AB1"[(+$#"G"3AB"
_"3$,/1]!"A^6--"`"A8/*.0",I"3--.%$,0"3$,/1"[G!"_!"?]"
"
61" 3" 0.184$!" A," .Z83$+,A"(+$#"K,,B" 1$3$+1$+-34" Z834+$>"(31",*$3+A.B)"7#."2c"9348.1"(.0."%4,$$.B"

3K3+A1$"$,U+-+$>"B3$3"$,",*$3+A"3"K03%#+-34"0.%0.1.A$3$+,A",I"0.43$+,A1#+%"+I"3A>".U+1$)"7#."%4,$"[?+K)"O]"
18KK.1$.B"$#.0."30."$(,"+AB.%.AB.A$"4+A.30"0.43$+,A1#+%1&"$#."0.B"%,+A$1"-,00.1%,AB"$,"300#>$#/,K.A+-"
34534,+B1" $#3$" -381." %.01+1$.A$" 3-$+93$+,A" ,I" 1,B+8/" -#3AA.4!" (#.0.31" $#." *48." ,A.1" -,00.1%,AB" $,"

"
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3A$+300#>$#/+-"34534,+B1"$#3$"*4,-5"1,B+8/"-#3AA.41)"7(,"%,11+*4.",8$4+A.01"#39."*..A"341,"B.$.-$.B",A"
$#+1"K03%#)"7#.1."30."34$3-,A+$+A."I,0"$#.",%.A.01d"1.$"3AB"X!:X!:eV$#0..3-.$>43-,A+$+A."I,0"$#."*4,-5.01d"
1.$)"

73*4."X)" b83A$8/V-#./+-34"B.1-0+%$,01"3%%4+.B"+A"$#+1"1$8B>"
"
64534,+B" ^_2_" DH2_" C6Q" ^_2_"

Q0,$,A"
DH2_"
Q0,$,A"

C6Q"
Q0,$,A"

hV*.AJ,>4#.$.03$+J+A." V\)NOO" VN)XNO" Y)MO" V:;)OY:" VX)M\M" Y)hYO"
:V*.AJ,>4A3%.44+A." VY)e\Y" VN)::;" Y)OYh" V:;)OY;" VX)XMh" \):Nh"
7343$+13/+A." VY)MXe" ;)OM;" ::);NM" V:X):hO" VX)eOY" \)h:h"
:OV*.AJ,>4$343$+13/+A." VY)MO:" VN)X;X" Y)O:Y" V::)hYh" VX)OhX" Y);;X"
YV3-.$>4V:OV*.AJ,>4V$343$+13/+A." VY)Ye" VN):\" Y)hh" V::)e;" VX)eM\" M)\O:"
D3%%3-,A+$+A." VY)Y\M" VN)hXO" Y);hX" V:N)\;Y" VX)e;M" M)ON:"
6-,A+A." VY)\e:" ;);\" ::);O:" V:;)\;" VX);:h" \)MNO"
=.AJ,>43-,A+A." V\)NNY" VN):eY" Y)Ye" V::)O\e" VX);MY" Y);:M"
X!:X!:eV$#0..3-.$>43-,A+$+A." VY)hM\" VN):Mh" Y)eNX" V::)hh\" VX)Ne:" Y)h:Y"
6-,A+$+A." VY)\O" VN)XXX" Y)hNM" V::)heY" VX);Ne" Y)OeX"
6-,A+%#+A." VY)\OO" VN)OXh" Y)eNY" V::)MNe" VX):Yh" Y)e:\"
64$3-,A+$+A." V\)NOX" VN)XYM" Y)heh" V::)MX\" VX)OYN" Y);e\"
2.13-,A+$+A." VY)\XO" VN)XXO" Y)h" V::)h\N" VX);h:" Y)O;\"
G,03-,A+$+A." V\):eh" VN);\Y" Y)YeY" V::)MN:" VX)X:;" Y)XY\"
^>%%3-,A+$+A." VY)Me\" VN);YM" Y)OM;" V::)hYX" VX)Ohe" Y);:Y"
XV/,A,3-.$>43-,A+$+A." VY)hOh" VN):O;" Y)eNO" V::)MOh" VX)N;M" Y)M:\"
X!:eVB+3-.$>43-,A+$+A." VY)eYY" VN):hX" Y)O;e" V::)MM\" V;)\hO" Y)Y:e"
X!:eVB+*.AJ,>43-,A+$+A." VY)e;h" VN)X\;" Y):XO" V::)MX\" V;)YYN" Y)Ye\"
^_2_"`"TA.0K>",I"^+K#.1$"_--8%+.B"2,4.-8430"_0*+$34!"DH2_"`"TA.0K>",I"D,(.1$""
HA,--8%+.B"2,4.-8430"_0*+$34!"C6Q"`"^_2_VDH2_".A.0K>"K3%!"^_2_sQ0,$,A!""
DH2_sQ0,$,A!"C6QsQ0,$,A"`"TA.0K>",I"^_2_!"DH2_"3AB"^_2_VDH2_".A.0K>"K3%"
I,0"$#."%0,$,A3$.B"I,0/1"
"

"
" " " ?+K80."O)" ;F"%4,$"7,U+-+$>"9.0181"B.1-0+%$,0"2c"

"
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3.2.1 Na+ channel activator alkaloids 

61" +$" (31" I,8AB" .304+.0!" $#." 3II+A+$+.1" ,I" $#.1." 34534,+B1" $," 1,B+8/" -#3AA.41" -,00.43$." (+$#" $#.+0"
.II.-$+9."B,1.1"[TFeN]"B.$.0/+A.B"I,0"3-8$."$,U+-+$>"j\k)"7#."9348.1",I"$#.03%.8$+-"+AB.U"[DFeN'TFeN]"
30."+A"$#."03AK."I0,/":"$,"h)"7#+1"18KK.1$1"$#."/,B.41",*$3+A.B"I,0"1$08-$80.V$,U+-+$>"0.43$+,A1#+%"/+K#$"
341,"*."-,A1+B.0.B"31"$#."$08.",A.1"I,0"1$08-$80.V-#3AA.4"3II+A+$>"0.43$+,A1#+%"3AB"*."3%%4+.B"I,0"03$+,A34"
-#3AA.4" ,%.A.01" B.1+KA)" R.9.034" 08A1" ,I" C6V2D@6" $.-#A+Z8." #39." 1.4.-$.B" %#>1+-,-#./+-34"
B.1-0+%$,01"[2c!"2@!"7QR6!"24,KQ]"31"$#.",A.1"-,00.43$+AK"*.1$"(+$#"$#."DFeN"B3$3"3/,AK"$#."0.1$",I"
B.1-0+%$,01)" ^,(.9.0!" B.1%+$." ,I" #+K#" -,00.43$+,A" -,.II+-+.A$" 9348.1!" $#." ,9.0344" 1$3$+1$+-34" I+$" ,I" $#."
.Z83$+,A1"(31"A,$"3--.%$3*4."B8." $," 4,("9348.1",I"-0,11V934+B3$+,A"-,.II+-+.A$1)";F"%4,$$+AK",I" $#.1."
B.1-0+%$,01" 3K3+A1$" $,U+-+$>" #31" +AB+-3$.B" 34$3-,A+$+A." 31" $#." /,1$" %0,*3*4." B.9+3A$" [?+K)" O])"
TU3/+A3$+,A" ,I" 34$3-,A+$+A." 1$08-$80." (+$#" +$1" $,U+-+$>" B3$3" .U$03%,43$.B" I0,/" $#." 1.$" ,I" -,/%,8AB1"
DFeN" #31" 1#,(A" $#." I,0/.0" ,A." 4+5.4>" *.+AK" 8AB.0.1$+/3$.B" .U%.0+/.A$344>)" 7#81" $#." 1$08-$80." ,I"
34$3-,A+$+A."+1"9.0>"1+/+430"$,"3-,A+$+A."34534,+B"(+$#",A4>"B+II.0.A-."+A"I8A-$+,A34"0.1+B8."@"[?+K)";])"
PAB..B"$#.".U-481+,A",I"$#+1"-,/%,8AB"I0,/"$#."B3$3"1.$"0.184$1"+A"1+KA+I+-3A$"+/%0,9./.A$",I"1$3$+1$+-34"
Z834+$>",I"A.(".Z83$+,A1",*$3+A.B&"

D,K[ ]"p"VN)NNYM;[tN)NNX:N]"MW"W:;):eYM;[t;):;ee:e]":
eN
!LD

ApYg"0pN)\Og"0;3BlpN)YY"1pN);Yg"?pOO):M:g"QpN)NNNehg b;pN)Mhg"RQ@TRRpN)X\"
[:]

"

D,K[ ]"p"VN)N;YO:[tN)N:NOX]"TPSA"W\)X::hM[t:):e\Y:e]":
eN
!LD

ApYg"0pN)\Og"0;3BlpN)Ye"1pN);\g"?pO:)OMg"QpN)NNNhhOg"b;pN)Meg"RQ@TRRpN)ON"
[;]

"

D,K[ ]"p"VN)hXYMX[tN)XMX;O]"MlogP"WM):MOX\[tN)hehXM:]":
eN
!LD

ApYg"0pN)Yhg"0;3BlpN)h\"1pN)O;g"?p:h)XYg"QpN)NNhMOYg"b;pN)hNg"RQ@TRRpN)e:"
[X]

"
D,K[ ]"p"VN)NXNY:[tN)N:;OM]"MR"W::)XeYOO[t;)N\OhO:]":

eN
!LD

ApYg"0pN)\;g"0;3BlpN)YXg"1pN)X:g"?pXO):Mg"QpN)NN::Nhg"b;pN)eeg"RQ@TRRpN)eO"
[O]

"

_(+AK" $," 1/344" A8/*.0" ,I" -,/%,8AB1" 393+43*4."(." 3+/.B" $," ,*$3+A" 03$#.0" Z834+$3$+9." %+-$80." *>"
+B.A$+I>+AK" %0,%.0$+.1" $#3$" /,1$" 0.43$.B" $," $,U+-+$>)" 644" I,80" .Z83$+,A1" 30." .Z8344>" K,,B" I+$$.B)"
6--,0B+AK" $," $#."/,B.41" K.A.03$.B" +A-0.31." ,I"/,4.-8430"/311"2c!" #.$.0,3$,/" 311,-+3$.B" 180I3-."
30.3" 7QR6" 3AB" #>B0,%#,*+-+$>"24,KQ" 0.184$1" +A" -,/%,8AB1" .U#+*+$+AK" 4.11" $,U+-+$>)" ?,80" 1.4.-$.B"
B.1-0+%$,01"3%%.30.B" $,"*."#+K#4>"-,44+A.30"(+$#".3-#",$#.0"3AB"$#.0.I,0."/,A,VB.1-0+%$,0"-,A$3+A+AK"
/,B.41" ,A4>" 30." %0.1.A$.B" +A" $#+1" (,05)" ^+K#" -,44+A.30+$>" ,I"/,4.-8430" (.+K#$"(+$#" #>B0,%#,*+-+$>"
+AB+-3$.1"$#."1.0+.1",I"-,/%,8AB1"+1"#,/,4,K,81"3AB"$#.0."+1"3"-#3A-."$#3$"$08."0.43$+,A1#+%"*.$(..A"

"
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3-$+9+$>'$,U+-+$>" 3AB" %#>1+-,-#./+-34" %0,%.0$+.1" /3>" *." 4,1$" ,0" #+BB.A" j;hk)" ^,(.9.0!" .Z83$+,A" ;"
18KK.1$1" $#3$"#.$.0,3$,/1"%0.1.A$" +A"3"/,4.-84."341,"34$.0" $,U+-+$>)"6118/+AK"TZ);"3AB"TZ)X" +AB+-3$."
+A-0.31.",I"%,430"3AB"*845>"%30$1",I"3"/,4.-84."0.1%.-$+9.4>"$#.A"+$"*.-,/.1"-4.30"$#3$"/,4.-8430"1+J."+1"
3"%303/.$.0"/,1$" +/%,0$3A$"/.-#3A+1$+-344>)"7#.".Z83$+,A"O"341,"18%%,0$1"$#+1"+B.3"31"2@"B.1-0+%$,0"
3--,8A$1"I,0"$(,"/3+A"-#303-$.0+1$+-1",I"3"/,4.-84."`"+$1"*,$#"%,430+J3*+4+$>"3AB"/,4.-8430"9,48/.)"7#."
/,1$" 0.4.93A$" B.1-0+%$,0" -,A$0,44+AK" $#." .AB%,+A$" ,I" +A$.0.1$" 1#,84B" *." 1.4.-$.B" (#+4." B.9.4,%+AK"
/.-#3A+1$+-344>" *31.B" bR6@" /,B.41" j;Mk)" ?,0" $#." 1$8B+.B" 1.$" ,I" 34534,+B1" B.1-0+%$,01" 0.43$.B" $,"
/,4.-8430" 1+J." [2c!"2@]" 30." +B.A$+I+.B" 31" +/%,0$3A$" %0,%.0$+.1" $,"/,B.4" $#." 3*+4+$>" ,I" 34534,+B" $,"
0.3-#" $#." 1+$." ,I" 3-$+,A" [1+$." ;" ,A" 9,4$3K.VK3$.B" 1,B+8/" -#3AA.4])" 7#." ,*$3+A.B"/,B.41" 18KK.1$" $#3$"
-,/%3-$"1$08-$80.",I"3"$,U+-3A$"3AB"1/344.0"/,4.-8430"(.+K#$"+/%0,9.1"$#."-#3A-.1",I"34534,+B"$,"0.3-#"
$#."$30K.$"1+$.)"

3.2.2 Na+ channel blocker alkaloids 

PA"-,A$031$"$,"$#.",%.A.01",I"$#."+,A"-#3AA.4!"$,U+-+$>",I"*4,-5.01"#31"1#,(A"3"K,,B"-,00.43$+,A"(+$#"
Z83A$8/V-#./+-34" B.1-0+%$,01)" PA" %30$+-8430!" .A.0K>" ,I" DH2_" 3AB" $#." ^_2_VDH2_" .A.0K>" K3%"
$80A.B" $," *." B.1-0+%$,01"/,1$" 0.4.93A$" $," $,U+-+$>" .U.0$.B" *>" $#." 3A$+300#>$#/+-" 34534,+B1)"^,(.9.0!"
X!:X!:eV$#0..3-.$>43-,A+$+A."#31"*..A",/+$$.B"I0,/"$#."I+A34".Z83$+,A1"I,0",*$3+A+AK"/,B.41"(+$#"*.$$.0"
1$3$+1$+-34" I+$1)" 6K3+A!" $#." -,/%,8AB" B+II.01" I0,/" $#." 3-,A+$+A." 34534,+B" *>" #39+AK" $(," 3BB+$+,A34" `
_E_E^X"3$"@e"3AB"@M!"3AB"3$"$#."@:"+A1$.3B",I"`_^"5.>"K0,8%"[?+K)";])""

"

D,K[ ]"p"VN)OXNYM[tN):\hYN]"DH2_"WO)O\eNX[tN);O:XNY]":
eN
!LD

ApYg"0pN)\Ng"0;3BlpN)M\g"1pN);Mg"?p;h)Y:g"QpN)NN;Ne\g"b;pN)MNg"RQ@TRRpN)Xe"
[e]

"
D,K[ ]"p"VN)O:;NM[tN);XXY\]"C6Q"WY):Xe\;[t;):Mhe\e]":

eN
!LD

ApYg"0pN)Yhg"0;3BlpN)MNg"1pN)XXg"?p:M)Xhg"QpN)NNe\N:g"b;pN)h:g"RQ@TRRpN)ON"
[h]

"

61"+$"(31"/.A$+,A.B"*.I,0.!" $#."0.-.%$,0"1+$."I,0" $#.1."34534,+B1"/+K#$"*."4,-3$.B"9.0>"-4,1."$,",0"
.9.A"$,"*.",9.043%%.B"(+$#"$#."1+$."I,0"-#3AA.4",%.A.01)"P$"+1"9.0>"A3$8034"$#3$",$#.0"B.1-0+%$,01"/+K#$"
*." 0.1%,A1+*4." I,0" B./,A1$03$+,A" ,I" 18-#" %0,%.0$+.1" ,0" .9.A" $#." ,A.1" +B.A$+I+.B" I,0" $#." ,%.A.01" *8$"
#39+AK"3A",%%,1+$."1+KA)"TU$.A1+9."bR6@"[+A-48B+AK"XFVbR6@]"1$8B+.1",A"930+,81"K0,8%1",I"1,B+8/"
-#3AA.4"*4,-5.01"#39."*..A"0.%,0$.B"+A"3"A8/*.0",I"%3%.01"3AB"$#.".A.0K>",I"DH2_"(31"+B.A$+I+.B"31"
,A.",I" $#."/,1$" +AI48.A$+34"B.1-0+%$,01" j;Yk)"DH2_"B.1-0+*.1".4.-$0,%#+4+-" 0.3-$+9+$>"3AB" $#."/,B.41"
-,A$3+A+AK" +$" 30." 1$03+K#$I,0(30B" $," .U%43+A)" _80" /,B.4" 1#,(1" $#3$" 4,(.0" DH2_" .A.0K>" I39,0+AK"
.4.-$0,A" 3--.%$,0" %0,%.0$+.1" +1" 311,-+3$.B" (+$#" #+K#" $,U+-+$>)" 7#." 13/." $0.AB" +1" ,*1.09.B" I,0" $#."

"
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^_2_VDH2_".A.0K>"K3%)"7#.".Z83$+,A"h"18KK.1$1"$#3$"34534,+B1"(+$#"430K.0"^_2_VDH2_".A.0K>"
K3%"[+)."/,0."1$3*4."/,4.-84.1]"30."4.11"$,U+-"3--,0B+AK4>)"

4 CONCLUSIONS 

6A$3K,A+1$"/,B843$+,A" ,I" 9,4$3K.VK3$.B" 1,B+8/" -#3AA.41" .U#+*+$.B" *>"Aconitum" 3AB"Delphinium"
%43A$"1%.-+.1"34534,+B1"#39."*..A"+A9.1$+K3$.B"*>"/.3A1",I"$(,"-,/%8$3$+,A34"3%%0,3-#.1&"3A34>1+1",I"
I0,A$+.0"2_1"K.A.03$.B"*>"1./+./%+0+-34"Q2X"/.$#,B"3AB"3"bR6@"1$8B>)"6A".U3/+A3$+,A",I"^_2_"
[^_2_V:]"3AB"DH2_"[DH2_V:]"I,0"*,$#"K0,8AB"3AB"%0,$,A3$.B"I,0/1",I".3-#"/,4.-84."#31"*..A"
-300+.B",8$"+A",0B.0"$,".1$+/3$."-,A$0+*8$+,A1",I"$#0.."-08-+34"0.1+B8.1"0.1%,A1+*4."I,0"-#3AA.4",%.A+AK"
3-$+9+$>"+A$,"$#.1.",0*+$341)"P$"(31"1#,(A"$#3$"^_2_"[K0,8AB"1$3$.]"3AB"DH2_"[%0,$,A3$.B"1$3$.]"(.0."
/3+A4>"-,/%0+1.B",I"A+$0,K.A"3$,/",0*+$341!"(#+4."DH2_"3AB"^_2_"I,0"K0,8AB"3AB"%0,$,A3$.B"1$3$.1"
0.1%.-$+9.4>" (.0." 4,-3$.B" ,A" *.AJ>4'*.AJ,>4" 1+B." -#3+A" I,0" /3l,0+$>" ,I" 34534,+B1)" 7#." -,A$0+*8$+,A"
9348.1",I"`_^"3AB"`_E_E^X"K0,8%1"+A$,"I0,A$+.0",0*+$341"(.0."I,8AB"$,"*."A.K4+K+*4>"4,("[3*,8$":a"
+A" $,$34])" 7#." 0.184$1" ,*$3+A.B" I0,/" $#+1" %+.-." ,I" 0.1.30-#" #39." -,AI+0/.B" $#." .U%.0+/.A$34" I+AB+AK1"
18KK.1$+AK" A.80,$,U+A1" 3-$+AK" 3$" $>%." ;" 0.-.%$,0" 1+$." 30." 344,1$.0+-"/,B843$,01" ,I" 9,4$3K.VB.%.AB.A$"
1,B+8/"-#3AA.4"I8A-$+,A)"7#81"+$"(31"-,A-48B.B"$#3$"3-$+93$+,A'*4,-53B.",I"$#."-#3AA.4"-381.B"*>".3-#"
%30$+-8430" 34534,+B" 30." A,$" 0.K843$.B" *>" I0,A$+.0" ,0*+$341" *8$" 03$#.0" B.%.AB1" ,A" (#.$#.0" 1%.-+I+-"
I8A-$+,A34"K0,8%1"30."%0.1.A$"+A"3"/,4.-84."1$08-$80.)"

bR6@"/,B.41" K.A.03$.B" 1.%303$.4>" I,0" .3-#" 1.$" ,I" 34534,+B1" [*4,-5.01" 3AB" 3-$+93$,01" ,I" 1,B+8/"
-#3AA.4]" #39." 341," +AB+-3$.B" $#.+0" B+II.0.A-." +A" /,B843$+,A" 3-$+9+$>)" bR6@1" *8+4$" I,0" $#." -#3AA.4"
3-$+93$,01" 1#,(.B" $#." +/%,0$3A-." ,I" $#."/,4.-8430" 1+J." B.1-0+%$,01" -,AI+0/+AK" $#3$" 1/344"/,4.-84.1"
.U.0$"1$0,AK.0"$,U+-+$>"B8."$,"#+K#.0"-#3A-.1",I"0.3-#+AK"$#."0.-.%$,0"1+$.)"?,0"$#."1.$",I"*4,-5.01!"$#."
.A.0K>" ,I" DH2_" 3AB" ^_2_VDH2_" .A.0K>" K3%" #39." *..A" 1.4.-$.B" 31" $#." $,U+-+$>VB.I+A+AK"
B.1-0+%$,01)" 7#81" 1$0,AK" .4.-$0,%#+4+-+$>" [DH2_]" 3AB" 4,(.0" 1$3*+4+$>" ,I" $#." /,4.-84." [C6Q]" 30."
311,-+3$.B"(+$#"#+K#4>"$,U+-"34534,+B1)"
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Supplementary Material 
73*4."O)" TU%.0+/.A$34!"E34-843$.B"3AB"@.1+B834"9348.1",I"$,U+-+$>"B3$3"I,0"$#."bR6@"/,B.41"K.A.03$.B"

"
"

TZ83$+,A":" TZ83$+,A";" TZ83$+,A"X" TZ83$+,A"O"E,/%,8AB" TU%"
4,K ":eN

!LD E34-"
"

@.1"" E34-" @.1" E34-" @.1" E34-" @.1"

6-,A+$+A." h)M:" h)e;e" N):Ye" h)hMM" N)NXX" h)Oee" N);eh" h)OMY" N);X;"
6-,A+%#+A." h)OY" h)XYe" N)N\e" h)hMM" VN):\M" h)\N\" VN)O;\" h)OOX" N)NXM"
2.13-,A+$+A." h)YM" h)hOM" N);;X" h)hMM" N):\X" h)eM:" N);\\" h)h;O" N);Oh"
G,03-,A+$+A." h)h:" h)Mh\" VN):e\" h)Mh\" VN):e\" h)h\N" VN)NYN" h)MMe" VN):he"
^>%%3-,A+$+A." h)eY" h)MYM" VN);NM" h)hMM" VN)N\M" h)::O" N)OhM" h)hMN" VN)N\N"
XV2,A,V"
3-.$>43-,A+$+A."

h)O" h):eY" N);O;" e)\XN" N)OMN" h);:X" N):YY" h):\h" N);NO"

X!:eVF+3-.$>4V"
3-,A+$+A."

e)X:" e)M\:" VN)OY:" e):YX" N):;Y" e)\MN" VN)hhN" e)\:O" VN)hNO"

X!:eVF+*.AJ,>4V"
3-,A+$+A."

O)Y:" O)MNY" N):N;" e):YX" VN)XMX" O)YO\" VN)NX\" O)hM:" N):X\"

"
TZ83$+,A"e" TZ83$+,A"h"E,/%,8AB" TU%"

4,K ":eN
!LD E34-" @.1" E34-" @.1"

hV=.AJ,>4#.$.03$+J+A." e)N" O)h;h" N)XMO" O)eXe" N)Ohh"
:V=.AJ,>4A3%.44+A." O):\" O)eOX" VN)XeX" O)hX\" VN)OO\"
7343$+13/+A." X)eY" X)OXN" N):eN" X)e:Y" N)Nh;"
:OV=.AJ,>4$343$+13/+A." O)X;" O)hXO" VN)X:O" O)hhM" VN)XOM"
YV6-.$>4V:OV*.AJ,>4V
$343$+13/+A."

O)eY" O)eMM" N)NNX" O)ehM" N)N:X"

D3%%3-,A+$+A." e)N" O)MhY" N);X;" O)MX:" N);h\"
6-,A+A." X)O" X)eNY" VN):NY" X)eNO" VN):NO"
=.AJ,>43-,A+A." O)eY" O)ehX" N)N:h\" O)OY\" N)N\:"

"
"
73*4."e)"" E,00.43$+,A"/3$0+U"I,0"%#>1+-,-#./+-34"3AB"Z83A$8/V-#./+-34"B.1-0+%$,01"81.B"+A"$#+1"1$8B>)"
"
" 2@" QR6" 24,KQ" 2c" A^F,A" A^6--" ^_2_"

Q0,$,A"
DH2_"
Q0,$,A"

C6Q"
Q0,$,A"

^_2_" DH2_" C6Q"

2@" :" )YX" )NN:" )\hO" )NeY" )hh:" )XO" )e;X" )Nhh" ):e;" )XNh" )X\X"
QR6" " :" )NN;" )YM\" )::Y" )MXM" );hX" )Oe;" )NOO" )::X" );;O" );YY"
24,KQ" " " :" )N;:" )h:h" );MX" )NNX" )NM:" )NNO" );M\" )NeX" )::O"
2c" " " " :" )N:Y" )Y;e" )X;M" )eMY" )NeX" )NYe" );h;" )X;"
A^F,A" " " " " :" )N;O" N" )NN:" )NNN" )XXh" )NOX" ):Nh"
A^6--" " " " " " :" );e" )ee" )N;Y" )NN:" ):;;" ):;X"
^_2_"
Q0,$,A"

" " " " " " :" )NXO" )Y:e" )NNM" )hMe" )hX"

DH2_"
Q0,$,A"

" " " " " " " :" )Nhh" );;M" )NNM" )NX;"

C6Q"
Q0,$,A"

" " " " " " " " :" )NYh" )e\M" )O\X"

^_2_" " " " " " " " " " :" )NN;" )N;M"
DH2_" " " " " " " " " " " :" )\eY"
C6Q" " " " " " " " " " " " :"

"

"

:X"
BioChem""Press" #$$%&''((()*+,-#./%0.11)-,/"
"



Internet Electronic Conference of Molecular Design 2004! November 29 – December 12"
"

"

:O"
BioChem""Press" #$$%&''((()*+,-#./%0.11)-,/"

"

5 REFERENCES 

j:k" u)"u)"E430.!"R)"G)"73$.!"2)"G,**1"3AB"2)"@,/3A,1!"L,4$3K.VC3$.B"R,B+8/"E#3AA.41"31"7#.03%.8$+-"730K.$1!"DDT!"
2000!"e!"eNhVe;N"

j;k" c)"6)"E3$$.0344!"6"XF"L+.(",I"R,B+8/"E#3AA.41!"Nature!"2001!"ON\!"\YYV\\:"
jXk" 2)"F)"=35.0"3AB"u)"G)"c,,B!"PA9,49./.A$",I"G3W"E#3AA.41"+A"Q3+A"Q3$#(3>1!"TiPS!"2001!";;!";MVX:"
jOk" E)"Q)"73>4,0"3AB"=)"R)"2.4B08/!"G3W"E#3AA.41"31"730K.$1"I,0"G.80,%0,$.-$+9."F08K1!"TiPS!"1995!":h!"XN\V\:h"
jek" R)" E.1$.4.!" c)" 6)" E3$$.0344!" 2,4.-8430" 2.-#3A+1/1" ,I" G.80,$,U+A" 6-$+,A" ,A" L,4$3K.VC3$.B" R,B+8/" E#3AA.41!"

Biochimie!"2000!"Y;!"YYXVY\;"
jhk" R)Vv)"c3AK!"C)"S)"c3AK!"L,4$3K.VK3$.B"R,B+8/"E#3AA.41"31"Q0+/30>"730K.$1",I"F+9.01."D+%+BV1,48*4."G.80,$,U+A1!"

Cell. Sign.!"2003!":e!":e:V:e\"
jMk" 7)"6AK.0!"F)"u)"23BK.!"2)"28443!"3AB"F)"@+BB34!"2.B+-+A34"E#./+1$0>",I"G.80,A34"L,4$3K.VC3$.B"R,B+8/"E#3A.4"

=4,-5.01!"J. Med. Chem)!"2001!"OO!"::eV:XM"
jYk" 6"6/.0+)!"7#."TII.-$1",I"Aconitum"64534,+B1",A"$#."E.A$034"G.09,81"R>1$./!"Prog. Neurobiol)"1998!"56!";::"
j\k" u)"?0+.1.!" u)"C4.+$J!"H)"7)"C81$.0!" u)"?)"^.8*3-#!"7)"23$$#+.1.A!"=)"c+4II.0$!"G)"R.49.!"Aconitum" 1%)"64534,+B1&" $#."

2,B843$+,A",I"L,4$3K.VF.%.AB.A$"G3W"E#3AA.41!"7,U+-+$>"3AB"6A$+A,-+-.%$+9."Q0,%.0$+.1!"Eur. J. Pharmacol)!"1997!"
XXM!":heV:MO"

j:Nk" R)"G)"c0+K#$!"P00.9.013*4."=4,-5",I"^8/3A"^.30$"[#^:]"R,B+8/"E#3AA.41"*>"$#."Q43A$"64534,+B"D3%%3-,A+$+A.!"Mol.
Pharmacol)!"2001!"e\!":YXV:\;"

j::k" u)"?)"^.8*3-#!g"6)"R-#84.!"E30B+3-"TII.-$1",I"D3%%3-,A+$+A."3AB"GVB.3-.$>443%%3-,A+$+A.!"7(,"F+$.0%.A,+B"64534,+B1"
I0,/"Q43A$1",I"$#."Aconitum"3AB"Delphinium!"Planta Med)"1998!"64!";;"

j:;k" ?)"G)"FJ#35#3AK+0,9!"2)"G)"R84$3A5#,BJ#3.9!)"=)"731#5#,BJ#3.9!"=)"7)"R34+/,9!"Chem. Nat. Comp."1997!"33!":\N"
j:Xk" 6)" 6/.0+!" 7)" R+//.$!" PA$.03-$+,A" ,I" $#." R$08-$80344>" @.43$.B" Aconitum" 64534,+B1!" 6-,A+$+A." 3AB" hV

*.AJ,>4#.$.03$+1+A.!"+A"$#."@3$"^+%%,-3/%81!"Eur. J. Pharmacol)!"1999!"XYh!":YMV:\O"
j:Ok" v)" D+" 3AB" c)T)" ^30$.!" 6" @.9+.(" ,I" 2,4.-8430" 2,B.4+AK" 6%%0,3-#.1" $," Q#30/3-,%#,0." 2,B.41" 3AB" R$08-$80.V

6-$+9+$>"@.43$+,A1#+%1",I"P,A"E#3AA.4"2,B843$,01"+A"EGR!"Curr. Pharm. Des)!"2002!"Y!"\\V::N"
j:ek" R)"Q)"C8%$3!"b83A$3$+9."R$08-$80.V6-$+9+$>"@.43$+,A1#+%1",I"6A$+300#>$#/+-"F08K1!"E800)"Pharm. Des.,"1998!"O!"OeeV

OhY"
j:hk" 6)2)"=.44,V@3/+0.J!"u)"=8.AB+3V_0,J-,!"6)6)"G393V_-3/%,!"6"bR6@"6A34>1+1"$,"TU%43+A"$#."6A34K.1+-"Q0,%.0$+.1"

,I"Aconitum"34534,+B1!"Fundam. Clin. Pharmacol)"2003!"17!"eMeVeYN"
j:Mk" 6)2)"=.44,V@3/+0.J!"6)6)"G393V_-3/%,!"7#."D,-34"6A.1$#.$+-"6-$+9+$>",I"Aconitum"64534,+B1"E3A"=."TU%43+A.B"*>"

7#.+0"R$08-$8034"Q0,%.0$+.1!"6"bR6@"6A34>1+1!"Fundam. Clin. Pharmacol)"2004!"18!":eMV:h:"
j:Yk" ^>%.0E#./"h)N:"[^>%.0E8*.!"PA-]!"2000"
j:\k" F)v,8AK!"Computational Chemistry: A Practical Guide for Applying Techniques to Real World Problemsg" u,#AV

c+4.>"w"R,A1&"G.("v,05"[HR6]!"2001"
j;Nk" R$.(30$!"u)"u)"Q)!"u)"E,/%8$)V6+B)"2,4)"F.1)!":\\N!"O!":"
j;:k" u)F.9+44.01!"Genetic Algorithms in Molecular Modelingg"6-3B./+-"Q0.11"D$B)&"D,AB,A!"[H)S)]!"1996"
j;;k" F)=)B."_4+9.+03!"6)E)C38B+,!"Quant. Struct.-Act. Relat."2000!"19!"e\\"
j;Xk" R$3$+1$+-34"3A34>1+1"1,I$(30."GERR\Y!"$0+34"9.01+,A!"1998"
j;Ok" @)"7,B.1-#+A+!"L)"E,A1,AA+!"F@6C_G"1,I$(30."I,0"$#."E34-843$+,A",I"2,4.-8430"F.1-0+%$,01!"c.*"9.01+,A"X)N"I,0"

c+AB,(1"
j;ek" @)"7,B.1-#+A+!"L)"E,A1,AA+!"Handbook of Molecular Descriptorsg"23AA#,4B"@)!"S8*+A>+"^)!"7+//.0/3A"^)!"TB1)g"

c+4.>VLE^&"c.+A#.+/!""G.("v,05!"2000"
j;hk" 2)7)F)"E0,A+A!"7)"c)"R-#84$J!"Q+$I3441"+A"bR6@!"J. Mol. Struct. (Theochem)"2003!"622!"X\Ve:"
j;Mk" 7)"c)"R-#84$J!"2)"7)"F)"E0,A+A!"u)"F)"c345.0!"6)"_)"6%$843!"b83A$3$+9."R$08-$80.V"6-$+9+$>"@.43$+,A1#+%1"[bR6@1]"+A"

7,U+-,4,K>&"6"^+1$,0+-34"Q.01%.-$+9.!"J. Mol. Struct. (Theochem)"2003!"622!":V;;"
j;Yk" 2)"D)"=0,(A!"E)"E)"x#3!"E)"E)"L)"F>5.!"C)"=)"=0,(A!"3AB"c)"u)"=0,8+44.$$.!"E,/%303$+9."2,4.-8430"?+.4B"6A34>1+1",I"

^>B3A$,+A"=+AB+AK"$,"$#."G.80,A34"L,4$3K.VF.%.AB.A$"R,B+8/"E#3AA.4!"J. Med. Chem)!"1999!"O;!":eXMV:eOe"


