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04-24,",! (+4)06+8,1 ¥'0.,,)+",1 );1 'B.1422.- *6! /.| 2'4/;+6,1 1 B)L.;1 ;1 1.1-)03'1 /]
04,-6+N;.,! .61 /.1 1i3./(4'+,6.'+.$! #)22'4B+ +4% -  *6! +*04*6'|1! /;I -)'03'1 )! 04*/;+6! g
1i°2;+,.-*61/.,1,640<,1,):B)5.,CI*46)--.*6]. *1J¥/. 1.61g!1)/)5),0)'$17;104;" 1/.,1/.*+h'.

£0.*%+.,Cl 1)1'.03./03.1 )1 )66+"1 1()66.%6+4* ;1 1. 1/B.1422.- *6! fi;*.1 ; +*.1 /.| 2'4/;06+4*!
(+46.03*4145+N;.1;6+1+,)61 /., 0:16;.,1 6+,,;1)+., )# )$-' ] 1+ &O&S)*&B! #.,10:16.,] # )$-."
2.-.66.%6! 1)! 2'4/,06+4* ¥)6;".11.1 /.1 -'6)(41+6.,! [i+%6™'K6! fi*.] -y*+h'.1 21,1 /;7)(LIN;.!
1i4(6.*6+4%1/.,1-"6)(41+6.,12)'1 AB)06+4*103+-+N;.  1/11)121)*6.12:+ N:i.11.,1 4*61+*/"2.*/)*6. !
/;1,4110;16+B)(L.$!K.,I",;16)6,1/+88™.*6,1.612'4-  .66.;'14*61°6 14(6.*;,1. ¥184*06+4*1/;1692.1/.]
0;16;.$!M)-+11)121°634'.1/.1,9,6h-.,!  )#)$-.'/'B.1422",C!1.,!m!3)+'91'446 Im!I"1+66)1.-. *6CI 1L
"0+*.,103.B.1;.,Cl-)+,1*4; 15)[.'4* 11.16."-.)*5 1)+,12)'11)!,:+6.%!,4*611i:*1/.,1,9,6h-.,11. !
21:1))26°,1 gl 1)! (+42'4/:06+4%! (+46.03*4145+N:.$! # .1 3)+'01 '446,1 4*6! +,,:.,! [.! 1i+*8.06+4*
/i.A21)%6,| B'5'6):Al 2)'1  01-.28*$"-)34' -5)6.1"#"(  $! @11.,! 04*B+.** *61 04--.| 21)6.84".! /.!
2'4/,06+4%1 *1')+ 4*1.11.15')%/.1 6)(+1+6° 156 +N;.CI/.11.;,10)2)0+6",1/.1(+4,9*63h,.1)* !
(.,4+*1/18)06.;", | AB."*. .CI/.11.;'1 2'4/;06+4*1")2 +11.1(+4-),,.1.61/.11)124, +(+1+6"1 /iK6".!
(6+1+,.,124;121; +.;' 1 5%")6+4% 1 :00., +B.,$! V 2X)*6CI 1.1 1+5% . 1/13)+'01'446,1/1 1+
&()&S)*&.12'41;+,*612),11.IN;)*6+6",1(),)1.,!/.10.¥6.114 +1.104-2)')(1.,!g!0.11.,1/i);6".,!
9,6h-.,1  )#)$-.4L)*-4+* CI1)12'4/,06+4*1/.1-"6)(41+6.,1,.04%/)+". 1,615 %1 - %618)+(L.!
1)*,164;61692.1/.10;16;.$!#.1-"6)(41+,-.1,.04*/)+' 1L121)%6., 1% 184%06+4%* 15+ )1 - *6]
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&()&$)*& 1+0+6°,1 2)'1 1.1 LU7$! V.,! 61,1 4*6! "B'1'! 1i)06+ B)6+4* /.| B4+.! /.1 JO+/.,!

0)8'491N;+*+N;.,I"7VY,%C!/. 16'+6.'2h*.,12.6)0901+N;.,1.61/.,181)B4*4j/.,))2'h, 1 1i" 1+0+6)6+4*1/;]
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LU7$IV.2.4)*6CI0.,1'6;/.,12;(1+".IT;,N;igl2", * 61*.1B4*612),1);D/.1g!/.11i.A214")6+4*1/.11)!
B4+.1/.10.46.114,+/.,C! 1i+*81;.%0.1 /;l -4-*61 /11)  170416.1.6! 1.1'11.1 /.1 1i° 1+0+6)6+4*1 /y*,1 1.1
26)(41+,-.12'+-)+.14*61°6°1°0)'6", $14.1-4/.1/))06 +4*1 IVEWEL B1/)* 1:*.10.'6)+*.1-. ;"

A-+1)+1g10. 1+ LUTCE)+ +112°, *6.1,4;B*6  1:*.1)06+B)6+4*121;,1+-24'6)*6.1/;1-'6)(41+,-.!

,.04%)+' $1#.,1.88.6,1/;VEWE!,;11.1-'6)(414-.1/) *11.19,6h-,1  )#)$-'1) 1+&()&S$)*&i4*6!
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1.10;16;".,1/.11/.13)+'01'446,1/.! 1+'&()&$)*&6')+6".,1)B.0!/;1-'6391DT),-4%)6.1".U7%!.6!/.11)!

04'4*)6+*."VEWE%!.,6!.A214".12)';*.1)22'403.1-°6 )(414-+N;. 1/ 11)IWILY.,12'464* I"WIL!
=H%!.*1,7'+.16.-24".11.$!#.1-°6)(41+,-.1,.04*/)+".! )"5)1.-.*6!"6°1.A214"1)B.0!1.,!-k-.,!

"03)*6+114*,1 2)'1 ;*.1 )22'403.! -'6)(414-+N;.! &HM#VDI ZX1Z! .6! &M#VDHWIZXIZ$! #.,!

B)'+)6+4* 1 /:1-"6)(414-.12'+-)+'1.61,.04*/)+'.1 4*6 1'6°1/°6.06".,1.*104-2))*61/.,10;16".,!
6°-4+*1g!/.,10;16;".,16)+6".,))B.0!/.,1 " 1+0+6.; IGD=>T4;,1)2'h,!1.16")+6.- *6$!K.,!-4/h1.,!
6)6+,6+N;.,1/()%)19,.1/.1/4% 1-:16+B)+ ,1"I[K 7%!14%61 4;6.%,1 1i+*6.'2"6)6+4*! (+403+-+N;.!
1A% D8+ -+ AI04-2' *' 11)1"5;1)6+4*! B1L.104*6'(1.1;1-6)(41+,-.1/.,13)+'01'446,!

11 H&()&S$)*&!
|
A(8#23=)(&=%$."$A(&',)93)(8=$4%
#)175;1)6+4% /1 -6)(41+,-.1 2'+-)+.1/.10:16;".,! [N113)+91'446,1/1 1+ &()&S$)*&

6")+6°.,1)B.0!/;!-"6391DT),-4*)6.!".U7%!.6!/.!11)!0 4'4%)6+*.I"VEWEY!)!"6°1.A214".12)";* |

)22'403.1-6)(414-+N;.)WILI=H! *I "'+.16.-24'.11.$! K.,1-4/h1.!,6)6+,6+N;.,1/)*)19,.1/.
14+ 1-:16+B)'+.,1 "I[K7%! 4*6! "B 1 N;.| VEWE! 2'4 BAN;)+6!;*!.88.6!/.1".2'45")--)6+4*]
2°040.1.6! ;2.1 1 1.1-6)(414-.1 2'+-)+'.1 2) 1Y224'61);! .U7$! #)! 04-2))+,4%1 /!
21)0.-*6,103+-+N;.,| A2 "+- *6);Al2) I WIL!/.1 +5 *):Al,2°0+8+N;.,1)B.010.;Al')224'6",!

I* 1 JO4%/+6+4% | +-+1)+' )12+ I1i+/*6+8+0  )6+4*1/.1\G!04-24, $!#)!1+,6.1/.,1-6)(41+6.,!
2'+-)+.,1'6.06",1 04-2' %)+6! /., 51:0+/.,C! /.,1 )0+ [.1)-+% Cl/.,1%01°4,+/.,) .61 0.'6)+* !
)O+/.,14'5)*+N;. $IK.121;,CI6'4+,I7VY,1)22)'6.5)*6]  ):1-'6)(41+,-.,.04*)+".14*6'6°1/'6.06",$!
#)10+% 6+N..1/.12'4/,06+4*" . 1)6+B.1/.,1-'6)(41+6.,  1/'6.06",1.611.;11+.% 124, +(1.,1)B.0!03)N;.!

6")+6.-.*6! 4*6! 6! /+,0;6",$! #.,! /.;Al '1+0+6.;',14*  6!/°01.*03!;*.1"/;06+4* ,+5*+8+0)6+B.!/.,!
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51;0+/.,12)')224'61);104*6'11.CV/.,103)*5.-.*6, |- YT 1) 12'4106+4* 110+, 1)-++ 12)!
N224'61);1 04*6'I1.1 .61 *.1 1 2'41:06+4* +5++8+0)6  +B.I/iTVY,! 2)'1 1224'6! );Al 04*/+6+4* 1 /.!
04*6'11.$1K)*,11.,03)*6+114*,16)+6",);ILUTCIL.  17VYI4*61'6 1+*+6+)1.- *612'4/;+6,1);1T4; 1]1.6!
A%61".,6°,1 04* 6)*6,1 2./)*6! 1.,! =>I T4;" 1 /.1 0;16; ' $1Ki);6'.1 2)'6C! 1.1 VEWE! )! 2'4B4N; I 1)!
2'4/,06+4*1/.10.,104-24," 1/;1 T4;\IT;,N;ig! 1)! 8+* 1/11A2 " +.%0.$1K)*, 1 1., .-(1.C1 1., /Al
“1+0+6.;',14*61/ -4%6")B4+':*1.88.61/.1' 2'45')- B+AMYX I1.1-°6)(41+,-.12'+-)+'.1g!6")B."!
1.1,.04%)+ $! @*14;6'.CIVEWE!)!/-4*6"1;*1.88.612  1;184'612;+ N;.11.,1,4;'0.,12'+-)+" 1/.]
0)'(4*.1.61/i)0+1.,1)-+* 14*61°6°104*% 4 124;'] 1)12'4/:06+4*)/+88" *6+.11.1.6!121;,12"°040.!
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Ki);6'.,1.03.'03.,1,;11.,1"24%,. I/;1-"6)(41+,-. 1,.04%)+' 1)2'h, I 1+0+6)6-+4*14*61'6 !
'B.1422.,12)'1;*.1)22'403.1-"6)(414-+N;.Ig! 1)184+ 12)1&HM#VDIZXIZL(),,.I",41;6+4*1 6!
&M#VDHWIZXIZ! *:6+1+,)%6!1. 1-k-., L AB)+6,1-"63)*  41+N;.,$IV.66.1'6;/.1)1+-21+N; I1i)*)19,.!
2)'1 &HM#VDIZXIZ!/.,104-24,",1 6)*/)'/10.%, 1 ,.1 6'4 ‘B.I/Y*11.,1°03)*6+114%,1/.13)+'O!
446,111 1+ &()&S$)*8B! 7+*,+C10.66.104*)+, )*0.1)18)0+1+61 1.10+(1)50+(1°1/.10.,104-24," 1 *!
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#)12'4/,06+4*1 [i7TVY!)*11.,104*/+6+4* \VEWE!*"6)+  6!,6)6+,6+N;.-.*6!/+88".*6.1/.10.11.1/.,!
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):6'.,15'4;2. IN;)2'h, I=A T4 1 1+0+6)6+4*$IVA*  6)+'.-.%61g!1i)22'403.10+(1".C!1i)22'403.1*4*!
0+(1.1)1 2.+,1 1)1 04-2))+,4*1 514()1.! /;! - 6)(414- 1)1 %+B.);IN;)*6+6)6+8! .6! N;)1+6)6+8!/.,!
AB)+6,1 /%1 1.1 [+88"*6.,] 04*/+6+4*] 6! -4-*6, I /.1 "0416.$! V.66.! )22'403.! "6)+6!
2)'6+0;1+h'.- *61+-24'6)*6.1. *I6)*6IN;.15"* 6. /i392463h,.,,;11)1"5;1)6+4*1/;1-6)(41+,-.!
.04*)+ $1#i)%)19,.1.$104-24)*6.,12'+*0+2)1.,1.6 110)%)19,.1.*101;,6.",13+)'03+N;.,I"HV7%!
4*61"B 1'1;*1.88.61/.I'.2'45)--)6+4*184'61.61)2+  [I/IVEWE!,;11.1-'6)(414-.1g!2)'6+'1/.\I
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*4:B.);Al04-24, 1T)-)+,1/0'+6,1T;,N:ig!2",.*6!03 PUHHE()&S$)*&4*61°6°1)*46 I/.1-)*+h'.!
2,6)6+B.$I#., 1+4% 1/i+%6 k6! 6)+.*610.;AIN; +1,.1.4 *61)B " 104*6"+(;."1g!1)!B)+)(+1+6'!/. 1-4/h1. !
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C. asiatica extracts and centellosides

have demonstrated a broad range of

Centella aSiatica biological effects

Medicinal plant which contains
natural compunds with multiple

biological effects
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ursane-type centellosides oleane-type centellosides

(AA, MA, AD, MD)

R1, R2, R3=H or OH

R4 = H or oligosaccharide
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23-hydroxyursolic aldehyde Ursolic aldehyde

3-hydroxy-12-ene  3-hydroxy-23-oxours- 23-hydroxyursolic acid ursolic acid
-23,28-dioic acid 12-en-28-oic acid
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HOY ¥
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Oleanolic aldehyde

23- hydroxyoleanolic aldehyde

Oleanolic acid
Hederagenin Gypsogenin Gypsogenic acid

Arjunolic acid
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R4O
H

o /=0 o
© ORs OH R,=caffeoyl, Rz=R3=R,=H: 3-CQA
OR,

R,=caffeoyl, R3=R3=R,=H: 4-CQA

|
OR;}™
quinic acid

Ra=caffeoyl, R3=R3=R,=H: 5-CQA
R,=R,=caffeoyl, R3=R4=H: 3,4-diCQA

HO
HO 0]
. R;=Rs=caffeoyl, R,=R4=H: 3,5-diCQA
O O )
HO S o . _ OH R;=R4=H, R,=Rs=caffeoyl: 4,5-diCQA
H R;=Rz=caffeoyl, R,=malonyl, R,=Rs=H: irbic
OY\H/O OH acid
OH O

irbic acid
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7(2=#$)(I+'81 231 +#$11&S$=(,-(I$.)$+,72-(N))>/+!.$, - A4(+#1 +#$I1=2)&  -$%(+8!23!+#$!
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&, H(=>-,(+($/Q!_24$1$"1&- *+)$+,72-2)(=/1>/>,--8132--24/1+# $1/,)$1&'2=$.>'$]!
D(E! /,)&-$! =2--$=+(2*#, 1$/+(*07 &$'32"),*=$! 23! +#$! $%&$'()$*+,-! $/(0*! ,*.!

7(2-20(=,-1/,)&-$! =2--$=+(2%1 D((E! ., +,! ,=p>(/(+(2*M &$'32"),*=$! 23! +#$! * -8+(=,-!

"#$! 42'53-241 (/1 [>)),'(/$.) (*1 <(0>'$! Ja! *.! -/2) $/='(7$.! (*! +#$ | &'$/$*+!
1$=+(2*Q!
!
*
[ Hairy root transformation ]
[ Sample preparation ]
[ Sample collection / Harvesting ]
Freeze' drying
Meth;nolic .
extraction Water extraction
Specialised ’, H-NMR-based |  Primary
Metabolites based analysis analysis | Metabolites
|
[ Data Mining ]

Data Pre-processing, Data Pre-treatment,
Statistical analysis, peak annotation

[ Biochemicalinterpretation |

$
$
@)13, $5[ $t4'<8147184121)*61-.6)(414-+01)22'4)03!

))!



QTUT* '<E=AB*1GAAB:?@GF*k*3<>NB;?@FJ*

QTUTUT* 3&*GH?BF?@GF*

[
i

"#$! H!I-(*$!4,/127+,(*$.1, +IR'QIN,- W2*16,7! +1+#$!<,=>  -+8I123IN#,"),=8!,+!
S @*(1$/(+812310,'=$-2% 1, /132--24 1 &'# ()| (*1+(#"#$1* &~ *+/14$'$10'24*  1I"#
$I*.061 /2-(.1 :21)$.(>)! D:>' /#(0$! €! 25220! aQa! 0°6:! />="2/$! KL! 0°6! ,*.!
&#8+,0%-11Qb!0 6E!DIKJIE;!,+!T!e9! * 1 JKI#!-(0#+ 1AL #5*$//Q! 6$,15/! $%&-,*+/!
3'2)! I"HSI* OBk *+/123RH() (F1+HAS'SI(*3B=+$. 5% $/(SIA(+#! [H#.011%2," )# [+ (!
Aal*1&-,=$.1(*+21:21/2-(N$.(>)I(*].,'5*$//1 +1I TIsOQ!A3+$ W11, 8/:1$%8&-,*+/1
A$'B! [>T=>-+>'$.1 (*+21/2-(.1:21)$.(>)! 0! =$32+,%()$! TLL! )0 6! +2!'$)2 1$!/#
011962,")) QUAL$*+(+(2>/1'22+/1 4$'$! =>+1 * 1 & =$.1 (*.(1(.>,--8! (*1/2-( .1:?! 0!
=$32+,9%()$! TLL!)O 61)$.(>)!321JUN) 2*+#/QIAZ+$+#SI'$) 21 (01231 +#$!7,=+$'(,;!
CHITAS'S!), (4, (*$.1 %1 0'24%1 (*1 [2-(1 #2)2*$U3'$$! :21)$.(>)! *=.> (*0
1(+,)(*/QUP!I>/$.1: 21 * 11(+,)(*/')(%!aQa! 0" 6! DR>=#3$3,! O(2=#$)($;! _ »-9$);!
"HPICH+#F'- * [E;I>&&-$)$*+$.14(+#!/>="2/$KL!0 6;!0$-'(+$!I Qb!O6!*.1,.V>/+3$.!
+21& 1TON!7$32'$!,>+2=- 1 (*0Q!"#P!=>-+>'$1=2* (+(2*/'4$'§!5*$//! ,+!IT9! * |
H$1#,('81'22+/1 43'$! [>TU=>-+>'$.1 $1$'8 al 4$$5/1 +21 27+, (*1 $*2>0#1 7(2),//1 +2!
$/+,7-(1#+#$!-(p>(1=>-+>"$!32'+#$!$-(=(+,+(2*1$%&S$' ) B +/Q
[
!
!

QTUTOT* A@:@?<?@GF*BI=B>@EBF?*<FX*;<E=AB*:GAAB:? @GF*

!
!
I
2027+, (MHHS!L HI-(p>( 1 =>-+>'$:15% $'1 [$&+(=!=2% (+(2%/! (*1,1-,)(*,13-24!

>



=, 7(*$+:1#, (181" 22+/14S'$14, [#$ 1 A(+#1-(p>(1#2) 2*SUB'$$!:21)$. (>)!(*=->.(*0!
1(+)(*'D:?2D)$.(>)!* 11 (+,) (%) (%! aQal 0°6;! />&&-$)$*+$.1 4(+#! /> ="2/$'KL!
0°6;!& !TONE!+2!'$)21$! +#$! 0$--(*0!,0$*+! ,++,=#$.1 +21 HZR+/Q! "#$*;| +#$! ' 22+/!
4$'$).'($.1781- B(OI+#$) 125 /+$'(-$!, 7/2'7$*+1&,&$'132'1,1384  1/$=2*/1,*.1,3+8
431+ */3$"$. (*+213-,/5/I >*+(-1'$,=#(*01J10!1 23! 3'$/#!),+$'(,-  QIC$H%+;!IL!)6!23!
-(p>(.1:?1#27)2*$U3'$$!)$.(>)! D&'$L(2>/-8!.$/='(7$.! ,721$E! 4,/' &2>'$.! *+2!
HH$!3-,/5/14+21 27+ (%1 1 3(*,-1+>)7$'1 23! SLI 3-,/5/123]_H/l-(p >(.!=>-+>'$/Q!"#$! H!
=>-+>'$/14$'$! (*=>7,+$.132'1+4214$$5/! (*!,1'2+,'8!/# 58 DIITI'&)E!(  *1.,'5*$//!
HITOQIAZ+S T +#(/1+()$; | +#31=2)&-$+$1/$+! 23! =>-+>'$/1 4FSTU=>-+>'$.1 (*13- /5!
A(+#1*$41E21-(p>(NS. () QI A+ +H#(1&2(*+;1KL!3-,/5/'4$'$!+'S  ,+3.!1,..(*O1JLL!s:!
:$IAID,ISTIVEID?(0),UA-."(=#;%:,.'(;1?&,(FE+21+#$!13'$/#!:?2D)$.(,; 'k Ll=>-+>'$/!
4(+#!J1«:19GHGI!D,!ST!VE!?(0),UA-.'"(=#;!:,.'"(.;! ?&,(*E;!, *. IkLI=> -+>'$/14$'$!
DG +$.1 N1=25 421 V8-S IHHSH (F=T +SI(HESI )= (+(2*,17$32'$Q)!
<2'/)&-(*0;!K!3-,/5/123!$,=#!+'$,+)$*+14$'$! =2--$=+3.! +!L;la ;In;!JI!,*.1JK!.!
3+E T HASI+'S,H) S +Q!H#PI1 27 +,(*5.1'22+/14$'$1 &-,=$.132"1,13$41/$=2*./12*1[+$'(-$!
TI27+ &,&P'1 +21 '$)21$! +4$! =>+>'B1)$.(,;! ,3+54, M IFEWSU! (S !
&>-1$'(WS.14(+#1,1)2'+,'1 * 1&$/+-$Q!

)+



n=45 e n=45

ml | | -
| =7 .
L | ) N

1 )

@)13,95\ $!@A2.+-.6) 11/, +5*184' 1+0+6)6+4*1)*/1)-21.13) 'B.,6+*5!

),!




QTOT*#35".&*.B?<HGAGE@:;*

QTOTUT* 1LIBE@:<A;**

!
i

"HE/2-1$4H1>/$.132'1 4481/ )&-$1&'$&, +(2514,/1.$>+$'(>)12%($  !DRG;IR!
SSQS!,+QVE!DY,)7'(.0$!F/2+28%$!6,72' +2'($/;| F*=QEQ!"#$! (*+HF+ *., 132" +#3!
'_UC:H! *-8/(/! 4,/! KUD+()$+#8-/(-8-EUIU&'2&,*$/>-32%(=! ,=(.! [2.(>)! -+
D?(0),UA-.'(=#! 92Q" "?N;! SbVEQ! XR"Al D$+#8-$*$.(,)(*SU+$+, =$+(=(.E! ,*.!
12.(>)!,W(.$!DC,C $E!D:$'=5fE!4$'$! -/2!,..$.14+21/,)&-$/Q!?2.(>)!#8."2%(.$!
DC,G_E!*.|_8."2=#-2'(=,=(.\D_9-E!D?(0),UA-.'(=#192QE4$'$!$)&-28$.! +21,.\V>/+!
& Q!

[
!
!
QTOTOT* '<E=AB*=>B=<><?@GF**

!
i

X%+, =+/132'1 +#8! UC:H! * -8/(/!'$/>-+$.13'2)! )(%(*0' kL!)0! 23! '8! _H/!
&24.$''D23!$,=#231 +#$! SLI =>-+>'$/A:$IAU! * 19GHGUS-(=(+3,*.! =2*+'2-E! 4(+#!
JLL!,6!231,1/2->+(2*1231b!):IkUD+'()$+#8-/(-8-EUJIUI&'2& *$/>-82!,=(.1/2.(>)!/,-+!
D?(0),UA-.'(=#;12+Q!62>(/;1:GIM"2N;! ...ShVE!L/N(*+$™*,-1/+*.";  1):J2.(>)!
\W(.$! DC,GCs;! ...SSQTVE! D?(0),UA-.'(=#;! 2+Q! 62>(/;! :G;! @?AE! *.I JL! ):!
$+#8-$*$.(,) (*$UI+$+',,=$+(=!,=(.'DXR"AE!D?(0),UA-.'(=#;12+Q162>(/G;| @ ?AE!(*!
$>+$'(>)! 2%(.$! DR:G;! SSQS! ,+2)! v! REID9,)7'(.0$! F/2+28$! 6,72',+2'($/' F*=Q;!
"$45/7>'8;: Al @?AEQI"HS!'$/>-+$.1/2->+(2*14$'$!, V>/+$.1,+] & IKQLWILQLT!*.!

[2%(=,+$.132 1 I T (H 42127+, (1441 )&-SIQIN'(2']. +,1 =p>  (/(+(2%;1+#81/2->+(2*/!

)-!



4$'$1+'$,+$.1/1.5/="(7$.1(*1&'$1(2>/1&'2+2=2-/'DIKIEQ!
!

!

QTOTEEB".&*BI=B>@EBF?;*

[
:

"HBIBP>(8)$*+132'1C:HIS%&S () $*+/14,/1,10'>5$ I TL!: WIES$=+2)$+$'!
DO'>5$'1O(2/&(*;| H#S(*/+$++$*:1d$"), *8E! $p>(&&S. 1 4(+#! I THIF1='82  &'27$Q!
A--1+#3$] p>$2>/1$%+',=+/13'2) 1+#$!_Hc/!.'8!),+$'(,-14$'$)$,/>'$.!, +ISnQJu!LQJ!
;! A(+#2>+] "2+ +(2*1 *) A(+#l al >))8! /=41 &'(2' +2 Kal [=4/Q! A=p  >(/(+(2*!

&, )$+$/145'$/$+!,/132--24/'<FR!/(WS!g!Ka!g;!/&$=+",-14(.+#!g!J SQSSKb!&&);!
'$=$(1$"10,(*1 q! J;!|,=p>(/(+(2*1 +()$! ! 1QIn! /;1'$-,%,+(2*1 .$-,8!q! JIL!/;! *.I<FR!
'$/2->+(2*1 ' LQaT! _WQ!R,+,! ,=p>(/(+(2*'4,/' ,=#($13$.! 78! CGX?r! &'$ /,+>' +(2*!
&>-$1/$p>$*=$!DO">5$'1 IRI*2$/8&'J.EI4(+#14,+$1/>&&'$/I(2111(1(",.(,  +(2*123!
+#$! 4,+$'1 3'$p>$*=81 >'(*0! +#$! '$=8=-$! *.1 )(%(*0! +()$! .$-,8/! DIKI EQ! "2!
=2"272' +$I+#$!/(0%,-1 //(0%)$*+/;1 4$!&$'32')$.! $ 91 C:H!/&$=+'2/=288;1 *.|
+#$! 32--24(*0! IR! ,*,-8/(/]! #2)2*>=-$,"| =2"$-,+(2* /&$=+2/=2&8! DIR!' U !
9G2IE;! #$+$2*>=-$1 )>-+(&$! 72*! =2"$-+(2*! DIR! ' USO! :O9E! *.
HB+$'24>=-$ "1/(*0-$!p> *+>)1=2"$- +(2*/IDIR! ' _UP9! 2YIEID<(0>'$!AQIE!DIKKEQ!
!

!

QTOTgT* .B?<HGA@7?B*=>GK@A@FJ**

!
!
I

"ML UCHI&S$=+14$'$!,>+2),+(=,--81&#,/$.;1=,-(7' +$. 14+ 21+#S1(*+  $*-!

[+%.0 D"?NE! /(0% +! LQL! &&)! *.! 7./$-(*$U=2"$=+$.! >/(*O! +#$ |

$+H$C21,! /23+4,'$! DIKawIbJIJEQ! A3+$' +#(/! &'2=%//(*0;! 9#$*2)%d C:H!



2>(+$! 18/(2*! nQK! DY#$*2)%;! X.)2*+2%1 9%, E! &2=$//$.! +#$! ' UC:H!
1&$=+' VA(+H+HSI TN'2=$//(0N2.>-$ 1132 H#SI7 /$-(*$1=2"$=+(2*;! -(*$!7'2,.$*(*O;!
&#,I1P1=2"S=+(2%;1/#()!=2"$=+(2%;! +#$!=,-(7',+(2*1 231 +#$! /&$=+",! 42! +#$! /(0*,-! 23!
"PND R H#S! /$+H+(*0! 23! & ! gl KQLAN +#$! TN'23(-$'! )2.>-$F! §+-+$.! +#3!
S+ (5, +(2% 231 +#$!'S-+(1$! 7>, =] D(*! *:E! 23! +#$! .$+ $=+3$.1)$+,72-(+$/Q!
O#$*2)%! 42'5/! 78! 3(++(*0! /(0*,-' 3'2)! (+/' 1"G0%:) #&S$=+",-1.,+,1 7,/$! +2! +#3!
,&&'28&'(,+$Y(0*,-N'"A(+#(*H#$1$%&$' () $*+,-/&$=+", QA3+ $ HE! $%&$' () $*+,-1/(0*,-!
#,11 TS 3(+! +$! =2%=$*+" +(2*1 (/1 O(1$*Q! "#$! /23+4,'$! >2) +(=,--8! ,.V>/+/ +#$!
'$3$'$*=$!.,+,7,/$!1+2! =p>(/(+(2*1=2*.(+(2*/'D&_;!C:H!3($-.! /[+'$*O+#;1/&$=+"!-(*$!
4(.+#E!DJIDIEQ! :$+,72-(+$! (.$*+(3(=,+(2*14,/1=2"272' +$.! =2f>-+(*0! - (+$',+>'$! ,/!
&'$1(2>/-81.$/="(7$.\DIKK; JDKEQI"#$!/+,+(/+(=,-1,*,-8/(/1 231+ #$!$-,+(1$!p>, *+(+8!23!
($*+(3($.1)$+,72-(+$/1 4,/ &$'32')$.1>/(*0! ', &#N,.! N'(/)! D1$'/(2* I SQLQL! 32!
[(*.24/;!d",&#N,.1?23+4,'$;1? *IR($02;! 9,-(32"*(,! @?AEQ! "42 u4,8! ,*,-8/(/!

23! +#$! 1,'(,*=$! DACGI[AE;! 32--24$.! 78! ">5$8¢/! )>-+(&-$!=2)&,'(/2*! +$/+1 4,/!
&%$'328.! 321 +#P! [+,+(/+(=,-! *,-8/(/!' 23! +#$! '$-,+(1$! )$+,72-( +P/! &'2.>=+(2*!
TSHASSH! (33F'SH+! +'$,H)$+/1 + +#S$! /)$! .,8! 23! #,'1$/+(*0Q ! 2(0*(3(=,*+-8!
(33$'$*=$! 7$+4$$*10'2>&/14,/1 $+$)(*$.1 4(+#1,1&UL,->$!"1  LQLTQ!A--! * -8/$/!

4$'$!=,-=>- +$.1>/(*01/(%!7(2-20(=,-'$&-(=,+$/123!$,=#!.,812 3#,'1$/+(*0!32'1$,=#!

|
|
QTOTIT*4D:mB?@FJI*KG>*DF?<>JB?BX*EB?<HGAGE@:;*<F<A7,@;*
!
|
|

"H( .+ &2=9//(*0! 4,/ &$'32")$.! 78! :$/+HPC21,! /23+4,'$! 1$'/(2*!

*/!



JaQL!D:$/+H$9:1?,*+(,02!.$!192)&2/+$-,:17&, (*EQ"#SIC:HI/&S=+"14  /N.(1(.$.!
(421 11$(811 231 7>=58+/1 $,=# 2°1 23! LQLal &&)Q!"#$! '$/>-+$1 CHI . +,1 4./
(O(+,- (WS (+21,1), + (%61 4(+#1*>)$/(=11,->$/1=2"$/82* (01+2  1+#$18$,5!,'$,/123!
$.=#1 T>=B$+QI#SIS! 1,->$/1 AF! (*+2.>=5.1 (~+2! ! +8%+! 3(-SIDLE! 321 3>'+4$
[+, +(/+(=,-1,*,-81(/1.$/="(75.1 (1 +#$! *$%+1/$=+(2*Q!!

!

!

QTOTVT* $()**

!
:

"HBI+$%+13(-$IDQ=/1E!.$'(1$.13'2) +#$1&'$1(2>/1 7>=5$+(*01&'2=$//' =2 {50!
1., +,132)1 -1 +#$ISL! /,)&-$/1D/(%! '$&-(=,+$/1 231 $,=#! ..8! 231 #'1$/+(*0! 32'I
+$,H)SHE! 4,11 >/$.1 32'1 +#$! ([RAQ! "#SI>*/>&SL(/B.! &' (*=(&1 =2  )&2*$*+!
*,-8/(/| DNOAE! *.I +#$! />&$'L(/$.! 2'+#202% -1 &' 2VS=+(2*/1 +21 - + $*+![+'>=+>'$!
(=0 *+! *,-8/(/' DGNB?URAE! 4$'$! >/$.1 +21 [#24] +#$! '$- +(2*/#(&! 2 3! +#$!
27/$'1$.0 1,'(,7-$/! D&S$,5! 'S,/ 23! +#$! 7>=5$+/E! 7$+4$$* +#3$! $%&$'()$++,-!
+$, ) S+ (3BESH +()$/1 2314, 1$/+(*0! <1 +#S(1'S&S+ (+(25/Q! O2+#! * -8/$/!
43! &&-($.1 241 IN,'$+2U/=,-(*01 . +,1),+' (%! *2),-(WS.1 78! (+  1/>)1>/(*0! +#$!
123+4,'$1?F:9A11$'/(291IKQLQKID@)$+(=/;!g(**$-2%,ICi;| @ 2AEQI"#$!p> - (+81231+#$!
)2.$-/1 4,11 $/="(7$.1 78! +#S$! HO%I! *.1 YII 1,->$/Q! [,'(,7-$! F*3-> $*=$! (1 +#$!
N'2V$=+(2* D[FNE!/=2'$/! 4$'$! &' 21(.$.1 781 2F:9A1/23+4,'$! *.1 3>'+#$'1 > /$.1+2)]
7>(-LI[SIR(,0 ) /H24(*01+#$1)$+,72-(+$/1 (*3->$*=(*0  |+#$IGN6?URAI)2.$-!
H1(33S'$*+H+()$/1 2314, 1$/+(*01 78I 72+#1+'$, +)$*+/Q1:$+,72A% -8/+1aQL14, /1>/$.]
+21 &$'32) | +HSIH(S','=H(=,-| =->[+$(01)2.$-1 *| +#$1 #$,+), &1 1( />,-(W,+(2*1 23!

+#$! p>*+(3($.!1)$+,72-(+$/! 7$+4SS* +#S1+'S,+)$*+/;1 ., 8/1231#,"1$/+(*0! *.! (+/!

*&!



'$&S+(+(25/1 D32--24(*0! +#$! X>=-(.(;* )$+#2.EQ! A--! +#S! (=L * -8/(/ #$'$!
$/='(7$.) 4$'$! 0$*$',+$.1 241 | N,'$+2U/=,-(*0! .,+,1 ),+'(%! *.| .+ LA

*2"),-(W$.1781(+/1/>)Q!

*'|



QTQT* 13M/15.'k.*.B?<HGAGE@:;*

QTQTUT* .B2I<KFGA@*BI?><:? @GF**
|
i

X%+ =+(2 =2*/(1+$.! (*! ,..(*0! JL! )6! 23! )$+#,2]  +G! DS|IE! D<(/4$’!
0,'=$-2* :128&, (*EI(ILQTI0I23IZSSWSU. ($.1), +$'(,-IQU#SY2->+(2*/14$ $/>T)(++5.!
+21/2%(=,+(2*132'1 J1#! +1'22)1+$)&$', +>'$Q! C$%+;!/2->+(2*/' 48'$ =$*+'(3>0,+$.! ,+!
IL:LLLY'&)132 1LY (FQIHSI &S, + *+N A SS&,  +.51 * 1+ HBI8/SL(2>/1/+$8!
4,11 'SES,+8.1 2% +HS! #18/48.1 /2-(! &S--S+Q! "H$! &22-1 231 /> &S+ *+/1 4!
$1,82',+.! +1kN1%09132'1 &&'2%(),+$-8lal#Q!!
|
|

QTOTOT* +<FXBE*E<;;*;=B:?>GEB?>7*<F<A7,@;*GK*;?<FXSEXGDF X;**

!
i

X-$=+2/&' 8IF2%(/,+(2*U: //I/&$=+2)$+'8IDX2FU:2E! * -8/$/14$'$!=,"($.
2>+ >/(*0! || 6"Y! j6f! X-$=+2/&',8! F2*(W,+(2* DX?FE! F2* " &! DF'E! ),//!
1&$=+2)$+$" D"#$)2! <(#$! 2=($*+(3(=;! O'$)$*! d$)*8EQ! A--! /&$=+"!
=p>(/(+(2% A$'$! .2*$! >/(*0! 6"Y! j=,-(7>' aQKQ! /23+4,'$! D"#$)2!  <(/HS$'
2=($*+(3(FEQIA>+#$*+(=1=2)&2>*./IDO,--(=!,=(.;KU9YA;1=,33%(EN=2>), (=1, =(.;!
3$>-(=1,=(.;l p>$'=$*+(%;1),.$=,/12/(.$;! J(,+(=2/(.$;! 5,$)&3%'2-;! ),.$=/I(=!
=(LELI(HE), =(EIA$'S) --1&>'=#,/$.17812(0), UA-.'(=#1,* 15(* -818'21(.$.178!
R'Q!i,1($N,-,W2*UO,' * $-,! D<,=>-+81 23IN#,),=8;! @*(1$'/(+,+! .$!0,'=$-2* ,EQ!!
$+#,%2-(=1/2->+(2+/123/+,*., IDLQJIN)0")BE!I4$'$! (*3>/$.1.($=+  -8I(*+21+#$!6"Y!

JBf! X2F! &27$! 4(+#! | ITL!)6! )(='2)$+(=,--8! ,>+2),+$.1 /8'(*0$! D_,)(-+2 *]

*(|



LI18;1<! *=$E1 +1,13-241" +$1231k1+6") (*QI"#$1 &2/(+(1$!,*.1*$  0,+(1$! (25(W,+(2*!
XPFI=2% (+(2*14$'$!,/132--24/]/2>'=$112-+ 0$1al5[MN/#S$, +#10,/1,*  .1,5%(-(,'810,/!
3-241" +$/1KT! *1JLIDC 4!, 7(+,'8! >*(+/E:! '$/&$=+(1$-8MN =,&(--,'8! 12-+,0$! *.!
+$)&$',+>'$1 ILI 1 %1 ILL! +9;1 '$/&$=+(1$-8"N ,=p>(/(+(2*1),//! ', *O$! )it +21
=#,'0$!" +(2!D341E1JLLIWITLLQ!

!

!

QTOTQT* 13M/159%#5/GL*&B;GAD?@GF5. k. *<F<A7:@:*

!
i

@_N69U:?":?! * -8/$/1231+#$!1$%+', =+/14$'S!=,"($.12>+12% *1@-+'1 (0  #!
N$'32"),*=$! 6(p>(.! 9#'2),+20',&#8! D@ NB69E! [*p>(/! 6"Y! j6f! D"#$")2!
<(H$" 2=($*+(3(=E;! $p>(&&$.! 4(+#! || &#2+2.(2.$! ,",8! DNRAE! .$=+2'1 *.!
HB&HS* +$.1+21 16"Y 6! X2F!),//11&$=+2)$+$'l +8&$! F"Q! 9#'2),+20',&# (=!
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HES/H2- QUHS! % -20>$1 /$,'=#1)2.$14,/1>/$.1 781 /$,'=#(*0! ,0,(* [+1:27:7]
1&$=+'JA(+#1,1),%()>)!.(33$'$*=$123IILLQLI(*H+#$I&'S=>"/21(2*11, ->$QI"#$!-(7",'8!
[&$=+'1 AB'S! B(-+$'S.1 (1 +#$1/)$!), #*$'1 JI+#S (&>+ .+ QIA  -1) +=H#$/| 5$&+!
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<2'1+#$!3$,+>'$/123! (*+$'S/+;1.(33$'S*+!,..>=+/1,*13',0)$*+/!  4$'S!I(.$*+(3($.!
+21 $+S=+1+#P] $&'2+2*% +$.1)2-$=>- "1 (2*Q! "H#$! $%,=+1),//1 231 +#$1)2-$=>-$! 4 /!
=-=>- +$.1 L S )2/+] «(5$-8! =>.$! )2-$=>-1 32)>-1 4,/ [$-$=+$  .Q!
?2>7/$p>$*+-8;IR(=+(2*,'8!23!C,+>',-IN'2.>=+/IDRCN!lIQI'92&8'(0O#+(E!ILJaE!4,/!
19, =#$.14218'282/$1 1&>+,+(1$!, ** 2+, +(2*QIG+HS (2*/14$'$!.  ($=+-81.$'$&-(=,+$.!
78! +#$! d-27,-! C,+>',-1 N2>=+! 22=(-! :2-$=>-"1 C$+42'5(*0! DACN?E!
RXHXNBFOA"GH!)2.>-$Q!"21(*='$,/$I+#$!-$1$-1231=2*3(.$*=$! (*| +#$! ,**2+,+(2*;!
+HS) /[1&$=+',123+#$!. $'B&-(=,+$.)2-$=>-$/14$'$!=2)&,'$.14(+#  [&$=+',-1.,+,!
&>T7-(I#S.(1+#3!-(+$',+>'3Q!j=,-(7>"1/2->+(2*/'/23+4,'$'&'21(.$.! 78!"#$") 2< (/#$"!
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"#$!.(/1&2],-' 23! +#3$! 4,/+$! 4,/ .2*$! ;==2".(*O! +2! +#3! '$0>-,+ (2*1 23! +#9!
X*1('2%)$*+!,*.12, 35+8!.$&,'+)$*+1 231 +#P! <, =>-+,. 1. $19($*=(,/! Y>P)(=,/'3'2)!
+H#$!@*(1$'/(.,.'1A>+B*2),.$!C>$12!16$B*Q!"#$!.(/&2/,-14,/+3$! 0$*$',+$.I(*1+#$!
@_N69U:?":?2! *1T@N69U:?":?1 * -8/$/14,/1 ,==2".(*0! + 2! +#$! X*1 ('2*) $*+!
%12 33+81.$&, )23 H#SI@*(1$/(+MLSIC, *+$/QI'H#S.(1&2 1,-14,/+$10$*$',+$.!
(1 +#$! C:H! *-8/(/! 4,/ ==2".(*0! +2! +#$! 922'.(*,=(B*I N2-(+M=*(  =1&,',! -
2>/+$%+,7(-(.,.1D92) (/(B*IF*/+(+>=(2* -L$IHS/(>2/EIB2) H#$IF  */+(+>+2IN2-(+M=*(=2!
C,=(2*,-Q! "#3! .(/&2/,-! 23! +#$! 4, [+$! 0$*$',+$.! >'(*O! +#$!  _H! 27+$*+(2*1 4,/!
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@*(1%$'/(+,+.$!0,'=%$-2*,Q!

!

!

+)!



13)M+%&*g*

gT* &%'N/+™)"(*(#'11"#-"*

gTUT*$35".&5H<;BX*.B?<HGAGE@:*)==>G<:I*GF*3<@>7*&GG?;*1DA?DH*G
"H#EUHEE''()'%)* *+>B<?BX*L@7?1*.B?17A* <;EGF<?B*<FX*1G>GF<?@FB**

Al 3341 [+> ($/! #,18! $%&-2'$.! +#S$! '2-$! 231 &'(),'8! )$+,72-(/)! (* +# $!
7(2=#8$)(I+'81 231 &-,*+1 +(//>$! =>-+>'$/QI 02+#1&'(),'8! ,*.1 [&$=(,-($.)$  +,72-())!
=2)&(/$I+#$)$+,72-2)$1,* L 21 2+12&$ +$I(*1(/2- +(217>+  1'$I&, ' +I231$%+$*/(1$!
*$+42'5/QIHE'SI(/1,1- =51231(*32"), +(2*1231+#$1&'(),'BN$+,72-()!  *.I(+/1="2//U
S(*5(*01 A(+#1 =$*+$--2/( S/ *IOYAN (M +(/>$! =>-+>'$/1 231 &# ()I(*1+( Q! N'(),'8!
)$+,72-(NI(/1+#$1=$*+' -1/2>'=$1231=, 7241231 +#$14#2-$1)$+,72-  (/)QI"#$*;], 3+
$-(=(+,+(2%;1+#$1&/(),'81)$+,72-(/) (/' &'27,7-8!,333=+$.| DINKEQP+>.($/1 2+ :$IAU
$-(=(+$.] _HI 238 O1(*1+( | #,18! .$)2%/+' +$.1 +#$(1 &2+$*+(,-1 /I &'2.>=+(1$!
&-,+32")/1231=$*+$--2/(.$/\DITLWITI;INAaEQIH$S=$*+-8;1(+14,127(*$.1,1_HI-(*$!23!
&HONHH( 1, 7-$14+218'2. >=$1+#51) %6()>) |p>, *+(+81231=$*+$--2/($/1+21. +$I>/(*01!
«:1 231 9GHG! DITAEQ! X1$*1 +#2>04! +#$/$! ()&2'+,*+! 2>+=2)$/;| +#S'S(/! -()(+8.!
(¥32'),+(2*1, 72>+ 1+#$1()&-(=, +(2*1231:$IAL * IOGHGI2*1+#  $1&'(),'8)$+,72-(/)!
[+, +>]QI"213>+HS (*+$"20, +$I+#(/; (+14,/18$'32)$.1,1+(SU/$($ /11 _UC:HU7,/$.!
)$+,72-2)(=!,&&'2,=#! (*1:$IAl *19GHGUS-(=(+$.!_H!=>-+>'$/1231  &#()!I(*1+( Q!
"HS!>/$1 231 | UCIHI 32'1 & *+1)$+,72-2)(=/1 [+>.($/) (/! 4$--! [+, 7-(/#$.! 32'1 +#$!
$+$)(*, (241231 .(1$7$! &'(),'8! )$+,72-(+$/1 DI>0, ;1 -(&(./;! ) (*2 L =(0 )
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SIHS=H(2HR2N (K1, /(241231 +$1 ) &-$: 1 HHEBU ) &-(=(+81(*1/)&-$!  &'B&,',+(2*;1+#S$!
'$-(,7(-(+8;1 N +HS'$&'2.>=(T(-(+81/(*=$1/,)&-F! .2$/1 2+ 0% +] (1 =25+ =+1 4(+#] *]
(2%(1,+(24112>'=$QUHS! . (‘$=+! * -8/(/1 231 +#$1/)&-$l A(+#2>+! + #$1>/$1231&'$1(2>/!
198, +(2*1&$) (+/+#$1=21F'(*0123H+#$14(.$," 81231=2)&2>*./Q!  "HSI/2-1$*+/1,'$!
B! 2%-81 () (+,+(2%1 32' +#S$!" *0$! 231 =2)&2>* /1 &'S/S*+! (1 +# $1/,)&-$/Q! N- *+/1
=2%+ (F1#>* 'S /1 231)$+, 72-(+$/1 * 1 +#$1 /(0 -1 231 +#$1 &2 +25/1 (*IC:H!.$-(1$"
=2)&-$%6!7>+1'$-(,7-$1/* &H2+1231+#$1/,)8-$1=2*+$*+QI"#$1=2) & $%(+8!,*.!/(0*,-U
218 &&(*0! /&$=+"1 231 C:H! )$+,72-2)(=/! *-8/(/! .(33(=>-+! +H$! [+ '>=+>'-I
$->=(.,+(2%1231)2-$=>-$/Q! _24$1$;1 (+1 .28/ *2+1'S&'S/S*+1 | =2% =$*1 AHSH +#$!
[=2&$1231+#3) * -8/(/1(/1+,'0$+$.1+21&'(),'8)$+,72-(+$/QIN'(),'8)$+  ,72-(+$/1,'$!
=§*+' -l =2)&2>%[1 321 $//$*+(,-! &'2=$//$/! D(Q$Q;! .$1$-2&)$*+E! *.1 +# $(!
=2%=$+ (241 Bl '$0>-,-81 />&$'(2' +21 [&$=(,-(/$.1 )$+,72-(+$/Q 122)$! 231 +#$!
=#, =+$'([+(= (0% -1 231 =%+, (M1 &'(), '8! )$+, 72-(+$/1 #,1$! 7$$41 4% UL,-(.,+$.Q!
C24,.8[1I$1$' -1 +,7,I$/! * 1=#$)(*32"),+(=/1+22-/! (*=-> $I +#2/$ /(0% -1
S ($FH(B(=, (241 231 =4+ -1 &'(),'81)$+,72-(+$/! (/1 '$-+  (1$-81 /()&-$Q! "#$!
[&$=+ =2)&-$%(+8] 28/l *2+! -()(+! *$(+#$! +#$! &$'32)(*0! 231 >*0$+$.!
)$+,72-2) (=11 [+>.($IQ! "#$! *,-8/(/1 23! $p>,-UI(W$! 7>=5$+/1 231 +#$! /& $=+'1 '$!
[533(=($*+! 321 >*+'0$+$.1 =2)&,", +(1$! [+>.($/Q! "#$!),V2'l [+'$*0+# | 23! C:H! 32"
+,'0$+5.1)5+,72-2) (SN (N1+4#51S- +(18p>, *+(3(=,+(241231/(0% - &'282'+(2* -1 +21 +#$]
[+.%., /(0% -QIA)2*01 +4#81 .1, *+ 0$/;1 +#$! &' (*=(&,-! .| 47 ,=5! 23! C:H! (/! +#$!
24$1 S (+(L(+81=2)&, '$.1+212+#$'1 *,-8+(=,-1&-,+32)/Q!_24$ 1$'1,/)$*+(2*$.:!
(+1.28/1%2+1$Y6H(7 (+1.(33(=>-+($/1 32" +#$] (.$*+(3(= 3Y@)28! =2) &2>* /I (1 &-, *+!
1,)&-$/'DINKWINNEQ!"#$! C:HN$+,72-2)(=U.$'(1$.1p>-(+,+(1$!,*  .L[RAIHS'S!
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$-(=(+,+(2*Q! "#B! +BU/$'($/! $%&S'()$*+,-1 .$/(0*! ,--24F.1 +#$! 27+$*+(2*1 23! +()$U
SE&S* S+ L+, [H#24(%0! +#$! =2>'$! 23! +#$! )$+,72-()! +#'2>0# | +()$Q! "#$*;!
=254 (T>+(*01+ 21+ >* $'/+,*. (01 231 +#$! $/&2*/(1$+$//1 23! _H 123R'#()I(*+(# +2!
SIAL* I9GHG! * 1#24135*=+(2* - $+,72-(/) 1=, 1 7SI 72+#1# (0#-813-$%(7-$!,*.!
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HE! (X >=+(251 231 H/(/1)$.(,+$.! 78! +H#$! &- *+! &, +#20$*!  [2.%F(+*,.1:3#
011962," J# (F1I=2U=>-+>'$14(+#1 18- *+I$%&-, *+QIFFI=2%+'2--$. 1=2% (HBI!(*3$=-+(2*!
/> (FIHES! ¥ 2)1 (+$0",+(251 231 +#$! [2.%F(+*,.1:3  TH(1&-,/)(} (*+2! +#$! &=, *+]
0$*2)$I4#(-$I1$-() (%, + (OHHSI7, =+$'(,13'2) HHSI&- *+1=>-+> '$QI"#$I&- /) (.|=2*3$'/!
+HSI QHS*2+8&(=!=H, =+$'(I+(=/1231_HIQIA/N ' * 2)I(*/$+(2*:1$,=#!  + */32)$.]
2241, &&$, (0132 +#$I$Y0&-, *+17$=2)$/1&H#$*2+8&(=,--8!>*(p>$!DIabEQ!"#$'$32'$;!
(F (N >)$)+#,417(2),/'&'2.>=+(2*1 23! _H/'),8!1,'8!,)2*0! -(*$/! 3'2 ) +#$!
1)$!/18&$=($/' DINSEQ! :2'$21$";! +#$! +8&$! 231 $-(=(+2'1 *.1 +#$! +()$$%&2/>'$! ), 8!
,338=+!+#$!7(2),/'&'2.>=+(2*1 23! +#$! =>-+>'$I DITLbEQ! A/ 7(RA4EH2'/! *.1 &-,*+U
1(0*,--(*0!)2-$=>-$/;!:$IA! ,*.I9GHG!)2.>-,+$! +#$! )$+,72-(/)! Faln2/+!
= IS +#S$! 7(2),//! &'2.>=+(2% 231 _H! =>-+>'$/| DISLEQ! "#$'$32'$:! #$! 0'24+#!
5C$+(=/1231_HI=>-+>'$/14$'$!'$=2".$.1, 3+$'1+#S$!,..(+(251231+#$1$-(=(+2'/'D", 7-$'bEQ!
R'8!$(0#+IDRIEIS(*$+(=/1.(1*2+1/#241/(0*(3(=,+(1$!.(33$'$*=$/! 7$+4$$*10'2>&/Q!
N'SL(2>/1/+>.($/1#,15!'$&2'+$.1+#,+1J1 IOGHG!+'$, 1) S*+ (H#(T(+  $.1+#$10'24+#!
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3,EI( 1=$--1=>-+>"$/1+#$! /) B =$--1- ("B &'$/$*+$.1 . (33S'$*+ 7$#, 1 (2> (X &'$/$*=$!
2311, :19GHG; //>00%/+(*01+#$10'24+#1. $&S$* /1*2+125-8123 14+  H#PI=$--1-(*$!, *.1$-(=(+2"!
7>+ -[2) =>-4+>'$1 =2% (+(2*/! DITS;JSIEQ! F*+$'$/+(*0-8;! ,*1.$1{! =#,*0$! (*! +#$!
=2-2>"1231+#$!1=>-+>'$/14,/127/$'1$.!,==2".(*01+2!72+#1+()$U=2>"/$!,* .1$-(=(+,+(2*Q!
AL [#24%1 (<1 <(0>'$! IK;! _H/! +>%$.1 &'20'$//(1$-8! 7'24*$1 -2*01 +#  $! +()$Q!
_24$1$"1 (1 $-(=(+,+$.1 1) &-$/! +#S$! 7'24*(*01 4,/1)2'$! $L(.$*+:! $/&$=(,--8! (*!
9GHGU+'$,+$.!/)&-$/Q!"#$! $%&2/>'$! +2! $-(=(+,+(2*1 &'21 253/ [+'$//! (* + 2! +(//>$!
DJISEQ!:2'$21$";! +#$! & 20'$//(1$! =2*/>)&+(21 231 $//$*+(,-1*>+'($*+/1 (/!-(5$-8!+2!
(LS S (0% -IQ F+! (/1 $/=(7$.1 +#,+1 (11 +#$1 7'24%(*01 &2 =$//;! &#$*2-(=!
=2)&2>* /1 '$! 29%(.(/$.! (*+2! 7'24*! &(0)$*+/Q! "#$! 7(2-20(=,-1 3>  *=+(2*1 231 +#$!
&(0)$*+/1(/1.$3$*/(L$Y (*=$+#$8!=*I =+ /1&'2+$=+(1$!,0$*+/132'1& #8+2&,+#20$*/!
DJISIEQ!"#$'$32'$;|(*172+#!$-(=(+$.!,*.1- +$U=>-+>'$.1/ ) &-FN &#F$*2-(=1=2) &2>* /!

= MI7$1&'2.5=$.1 % 1206(.,+(*01 (*1'SI&2*/SI+21 +4#$! [+'S/[1 /(0% (*0123!+#$! &- *+
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0;16;.12.+4/1481=>1)9,)86.163.1.1+0+6)6+4"5
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9$<5I$=H&*I&(+?+$H 1)2#%)(! :&O'! 1))
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7$=2)3! $//$*+(,-1,3+$"1$-(=(+,+(2*1*2+12*-8132'1 0$++(*0! $*B8! 32" +#$! /&$=(,-(/$.!
)+, 72-(+$/1 7 (2/8*+#SB/(/;) 7>+ ,-[2132'1 +#$132"),+(2*1231=,"72*1 [5$-$+2*/1*$$.$.!
N&'$=>'12'132'1+#$/$!&,+#4,8/!DILJI;ILIEQ!!
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G'0,%(=/1,=(/1&-,81,1=$*+ -I'2-$1 (*1+#$1&'(),'81)$+,72-(/)Q!FO,) 7$ (S
X&' (HS1IDILIKE!'$1($4$.+4#$1'2-$12312'0,%(=1 =(/I(*1+#$1=, 72517 - *=$123]
&-*+/QI G'0,*(=! ,=( /1 ,'$! &'2.>=$.1 7$=,>/$! 231 *2U=2)&-$+$.1 2%(.,+  (2*Q! "#$8!
'B&'S/$H+],1/>8&-81231=,'T2*I32'1+#$Iq'$7/1=8=-$1 * . 2'12+#$'1& +#4 B/ AHS*1+#S]
'$.2%!7,-,*=$! (X +4$1 =$--/1 (*='$,/$/! D(Q$Q;! >*.$' $-(=(+,+(2* /1 =2 (+(2*[EQ! F*!
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+HH$BIAS'BI¥2+1. (335 $H+(,--81&'2.>=$. =2*/>)$.17$+4$$*10'2>8/Q 16(>!*#(-Q!DILISE!
27/$'1$.1(NS+,72-2)(EN+>.(SN(*L_HN23!  L(-$I(#3!-*1%..011 (+#, +I$-(=(+,+(2*14(+#!
SIAL (*='$,/$.) -$1$-/1 231 ),-+$:1 3>), +$:! =(+,+$; x) [>==(*+$ Q! "#$8!
[>00$/+$. 1+#, ++#$I&' (*=(&,-1=, T2*1/2>'=$1231+#$1g'$7/1=8=-$! (/1 +B!=,+,72-(/)123!
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78I+#$Ig'$T/1=8=-$! /I(+1(/13>"+#$.$/="(7$.1D<(0>'$!ISEQ!!

F*+$'$/+(*0-8;! 9GHG! 4,/1 ,7-$! +21 (*>=$! JLLU32-.1)2'$! =2*=$*+', +(2*1 23!
[S==(* +$! +#,41 (F1 S 244381 0'2>8/Q! 2>==(*,+$! =, *1 7$! 32)$.! $(+#$'1 3'2)! +#$!
= +,72-()1231=,72#8. +$/12'178+#$I2*U&'2+$(*,)(*2,=(.laU,  )(*27>+8'(=!,=(.!
DaUdAOAEQ!aUdAOAI(/12*$1231+#$!-(*5(*01&2(*+/17$+A4$S* Y=L/, * +#$lg'$ 7/!
=8=-$QIF+!(/8*+#$+(/$.13'2)10->+,) (*$IDILKE!, *.1&- 8/, I=$*+' -2 -$I(*1+#$!7,- *=$!
=725 *(+20$*! (*1 &-,*+/Q! F*! +#(/! 42'5;1 OGHG! '$.>=$.1 72+#1 =2 *=$*+' +(2*1 23!
0->+,)(*$!,*.1aUdAOAQ! F+1#, 1 7$$*127/$'1$.1 +#,+1:>* $17(2  +(=!/+'$//;]aUdAOA!
=+ =724 [>8&-8) 32' +#$! ST/ =8=-$! +#'2>0#! (+/! +',%/32"),+(2*1 ( *+2!
[>==(*+$! DILAEQ! ?>==(*+$! =,* $(+#$'| '$=(=>-,+$! +#'2>0#! +#$! g'$H#B=-$! 2'I
$'(L(0! $-$=+2%/1 +21 +#$! '$/& (', +2'8! =#,(*Q! "#$! ,==>)>- +(2*1 23] [>==(* +$! #,/!
TSSH127/$'1L$.15% $1'S. >=+(251231+#!) (+2=#2%'(,|, =+(L(+8!,*.  #8&2%(,!(*!/+'$//!
=2* (+(2*/'\DILTEQ!

SIS, ) S HAHHOIGHG! -/21(* >=$.14#S$, ==>)>- +(2*123),  -2% +$I14#(-$!
(+14,/'>* $+$=+,7-$!I(*1+#312+#3$"1+'$,+)$*+/'D<(0>'$IISEQ!:,-2,+$!,==>)>- +(2*!(/!
+206(=132'1&-, FHY (=S (H(H(T (+V/>==(* +$|.$#8.'20$* /SQIFAIESBISWB) $I(*1+#$!
)21$)$*+! 231 2'0,%(=/1 ,=(./! +24,"./! +#$! g'$7/! =8=-$! DILTEQ! "#$! ),-2*, +$!
==>)>- H(2KHE'SI 27/$'1$. =2>- 1 $%8&-, (*] +#$! ,==>)>- +(2¥1 23! [>==( *+$!,3+$']

.(+(2*1 231 OGHGQ! "#$! 7(2/8*+#$/(/! 231 ),-2*+$! .$'(1$/' 32)!,  =$+8-U92AQ!
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1&$=(,-(/$.1)$+,72-(+$/\DILKEQ!_24$1$' ;1 +#$/$1)$+,72-(+$/14$'S! *2+! $+$=+8.1(*!
B! &'S/$H+1 42'5;1 SBI 421 (+/1*25U&2- "1 * +>'$Q! A..(+(2%,--8]1 +#$1)$+,72-(/)! 23!
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BIAL X TOGHGUHS$, +$.1 =>-+>'$/1=,>/$.1),V2'I =#,*0$/1 2*1 )(*2! ,=( N
&'2.>=+(2* =2)&,'$.! +2! +#$! =2*+'2-Q! O2+#! $-(=(+2'/! *$0,+(1$-8138=+$.! +#$!
&'2.>=+(2%1 231 - *(*$;1 0->+,) (*;1 X1 OC(*SQI GH +#B!  2+#$'1#,%.;1 (12-$>=(*$;]
+'8&+28&#,%! /&, 0(*$;! *.1 &'2-(*$! 4$'S! $*#,*=$.! D<(0>'$! IL EQ!_24$1$';! +#$!
[>&3$'(2'(+8! 23! 9GHG! (*! +'(00$'(*0! )2'$! ' /+(=! =#,*0$/! 4,/! 27/$'1$.Q ! "#$!
=2*=$*+' +(2%1231)2/+1231+#$!,)(*2!,=(/ID(Q$Q; -$>=(*$;11,-(F;1,- *(*$; I +# $2* (*$;]
-8/(*$;! 0->+,)(*$;! /&, 0(*$;! /&,'+,+$;! OC*(*S;! #(/+(.(* $;! &#H$*8-,-*(*$;!
+8'2/(*$;! *.| +'8&+2&#,*E! 4$'$! '$.>=$.! ,+! $,-8! /+,08/! Da! ,*.I n! . 8/1,3+$'!
$-(=(+,+(2*E! ("1 +#$!$-(=(+$.10'2>&/ /&$=(,--8! (*'9GHGU$-(£[&-$/' D<(0>'$! ILU
IJEQU#(17$#,1(2>"1/>00$/+/1, 1#(0#$'.$),* 123+ (+'20$*(*'S  /&2*/$!+219GHGQ!
"H(.$), X1 =25 1 T (I'S/&2*/S! +2! +#B1 $%& 'S/ (251 231 &'2+$(*/! 'S~ +$.1+21 +#S!
18$=(,-(/$.)$+, 72-()QId->+) (*I(/1+#$1)2/+1, 7>, *+1 ) (%2, =( (M8, ¥+ % !
2%$1 231 +#$1),V2' ) (*210'2>&!1 .2%2' (X1 +#$1 7(2/8*+#$/(/123!,)(  *2!,=(./' DILbEQ!
24> (B (1 '(=$! '22+/1 [>00$/+$.1 +#,+1 0->+,)(*$! '$0>-,+$/! +#$! $ %&'$//(2*! 23!
+*=(&H(2413,=+2'/1&, ' +(=(&, (0! (*Y+'$//'$/&2*/$IDILNEQIF*12>'+> 8;10->+,) (*$!
4, 12*1231+#$1)2/+1,7>* *+1)$+,72-(+$/1&'S/$*+H (I +#B1$%+ ', =+I(*],--14+#$!0'2>&/Q)!
F+/! =2*=$*+' +(2*! -$1$-/! 43'$! 0',.>,--81 .$="$,/$.! (* -1 02>&/1 .  >'(*0! +#$!
$%&$'()$*+Q!_24$1$'; +#$I'S.>=+(2*14,/V(0*(3(=,+(1$-8H(O#$ (ESIAID'2>&/! * !
SIS 2'SI(H1+#2/$1+'$,+$.14(+#19GHG!D),87$132' 1+#$1=2%/>)&+(2*  1+21/8*+#$+(WS!
aUdAOAL/M$*+(2*$.17$32'SEQIA/&, ,O(*SU#, 'S/ A(+H#10->+)(*$  1(+/13>*=+(2*1,/!

*(+'20$*1=,"($'QIF+HI(17$-(PLSP. I +#,+1>* $'1&, +#20$* (= (*3$£2*! (*1&-, *+/,/&,,0(*$!



(/' 21$'8'2.>=$.Q! F+! [$$)/! +21 7$! ='>=(,-1 (*! +#$! $%8&2'+,+(2*! 23!+20$*! 3'2)!
),08. 14+ (//>$N-() (+(*01+#$!* (+'20$*1>&+,55!3'2)1&,+#20$*/IDI  LSEQ!F*+$'$/+(*0-8;!
(N [=$*, (20 #,1 7$$*1 27/$'1$.0 (! D),;E%3%"()#)9.I"2(, U(*3$=+$.! D*,+>'-!
IGHG!&'2.>=$'E!+2),+21-$,1$/Q!6$1$-/1231,/&,", 0(*$!(*='$,/$.1/(0*(  3(=,+(1$-8!,+!
L8NNI NIKIHHSIS-(=(+$.1,) &-F/1- +$ 1+, *12+#$') ) (* 21,=(./QIC$1$'+#$-$//;!
2+HHS' [+>.($/1 325 | +#,+! +#$! $%20$*2>/! &&-(=,+(2*1 231 0+3) (*$! =,*1 .=+ /I |
*$0,+(1$! 3$$.7,=5! 32"l +#3$! 7(2/8*+#%/(/' 23! 0->+,)(*$! *.! /&,', 0(*$! DILNEQ!
AR2+#$ ) (*21,=(.1&-,8(*0!,15$8!'2-$! (*1+#$!/+2', 0$! *.I'$=8=-(  *01231*(+'20$*!(/!
JO(*(*$Q! 9,+,72-(/)! 23! 'O((*B! (*! +#$! )(+2=#2* () &'2.>=$ [l +#$! [Sp>$*+(,-!
&'2.>=+(2*12310->+,)(*$;!sU5$+20->+, +$;!CAR_0! *.13'$$!,))2  *(,Q!"#$'$32'$;!
+#$I $* .1 &'2.>=+/1231 'O (*$! .$0',.,+(2*'$&'S/$*+! | />8&-812  31&'$=>'/2'/132"1
*72-(="$=8=-(*0! &, +#4,8/" 0->+,)(*$! (/! || [>&&-8! 32"l +#$! '$,/I)(  -,+(2*! 23!
*(+'20$%;] SUS$+20->+,",+$! 32'1 +#$! g'$7/1 =8=-$! ,*.| CAR_o! 32'! +#$!$/&(',+2'8!
&'2.>=+(2*123IA'NQI"#S$!=,+,72-(/)123!,'0C(*SUSS)1+217$1=22".  (*,+$.14(+#I+#S!
=2%/>)&+(2%1 231 />0,'/' DIJLEQ! "#(/! =2>-.! $%&-,(*! +#$! /(0*(3(=,+($! &'20'$//(1$!
'$.>=+(251231'O(*(*$! (11 72+#1+'$, ) $*+/1=2)&,'"$. 1+ 21+#$1=2%+ '2-Q!!
F+1(/1$%+$%.$.-81 27/$'1$.1 +#,+1 &'2-(*B! (/! ,1*2*$*W8),+(=! ,*+(2%(,+(*0! ,*.!
HG?2!/=,1$*0$'QI"#(/1,)(*2!,=(.1&'2+$=+/1+#$I=$--1)$) 7' *$! * | +#$! [+'>=+>'$123
),='2)2-$=>-$/I DIJJEQ! 2+>.($/!1 (*| _H/1231/287$,* [#24$.1 +#,+1 +#$!  ..(+(2*123!
BIAL (/1 12=(,+8.) A(+# X1 $#*=$)$*+] 231 &'2-(*$Q! N'$/>),7-8;! & 2-(*$!
==>)>- (25122521 )$-(2',+ ! B! 206(., (1S /+'$/N 27IS' LS. (1 +#S 1 H 3+$!
$-(=(+,+(2*14(+#1:SIAIDIJIEQ!F+! (/1 =2/ (+$*+ 4 (+H#1 +#S! $BHS' S &'S/$*+$.1/(*=$!
&'2-(*$14,/1/(0*(3(=,+(1$-81#(0#$' (*I1$-(=(+,+$.1/,)&-$/1+#,*1  (*1=2*+2-1D<(0>'$!ILEQ!!

2$1$ -1 /4> (B #,1$! '$&2'+$.1 +#$! '2-$1 231 dAOA! (* 7(2+(=! /+'$//1, *.1 (+/!



&'2.>=+(2%1 3+$'1+#$] ==>)>- +(2*1231V,/)2* +$/Q!"#$!7(2-20(=,-I'2-$! 23! dAOAI (*!
)8-(2',+$! +#S! [+ /1 =2>- 1 TS! (+/' (H#(7(+2'8! $33F=+! (*! +#$! *$2>/! /8/+$)/! 23!
(1$=+N2'1(+11, 7(-(+8132' =+(1,+$V/$1$', -1, *+(2%(.,*+!$*W8)$/! DILam)! 24$1$";! /!
[#24%1 (*1<(0>'$! IL;!-$1$-/1 231 aUdAOA! 4$'$! /(0*(3(=,+(1$-8!'$. >=$.1 (*I $-(=(+,+(2*!
0'2>&/'=2)&,'$.1+2!1=2*+2-QIA/NS*+(2*$.1 7$32'$; ! /[>==(*+$!=*17$  1/8*+#$+(/$.!
3'2)!aUdAOA;! +#$'$32'$! (+/! . $&-$+(2*!1 =, *1 7$I'$-,+$.1 + 2! />==(*+$! ,==>)>- +(2*Q!
"#(1=2>-179!,I'$/&2*/$!23!,1&>+,+(1$!'$,=+(1$!2%80%$*!/&$=($/'DHG ?E! (*='$) $*+!
(*1$-(=(+$.1=>-+>'$/Q!!

ANl 431 )$*+(2%1 7$32'$;) =$*+$--2/(.$/! '$! 2*$1 231 +#$! )2/+! 1,->,  7-$!
18$=(,-(/$.) )$+,72-(+$/! (*I  &# (I(*1+( Q! @*32'+>*,+$-8;! *2+! =$*+$--2/(.$/U-(5$!
)2-$=>-$/! 4$'$! (.$*+(3($.! (*! +#$! &'B/$*+! ' _UCH! /&$=+",Q! 9$*+$--2/(.$/U-(59!
)2-$=>-$/1, BI&S*+,=8=-(=+'(+$'&S*$/QI"#$I&'(),'817>(-.(*017-2=5132 "H+#$132'),+(2*!
23+ (+$'&S*$/1(/1,=$+8-U2AQ"#$L,) (*2,=(/11,-(*$!,*.1(/2-$  >=(*$!,'$!&'$=>"/2'/!
231+#$1 7(2/8*+#$/(/123192A1 *1&8'>1,+$13'2)1=,72#8." +$/1=,+,72-  (/)Q!A/4S!
)$H+(2%1 7$32'$ 4! 27/$'1$.1 1 $&-$+(2%1 (*1 =, 7248, +$/1 T(2/8%  +HSI() (1 +#$!
$-(=(+$.1 =>-+>'$/QI A..(+(2*,--8;1 -$1$-/1 231 1,-(*$! ,*.! (/2-$=(*$! 4$'B! /(0*(3(=,+(1$!
$='$,/$.0 +1.8lal x.inl 7>+ $*#*=$.1 +1.8/1J11 *1 JKQ!" #(/' 4,11 ,-12!
27/$'1%. (*1 :$IAUS-(=(+$.! _H/ 23! L(-$!(# 31-*1%..01L(#DIIKEQ! "#(/! )$+,72-(/)!
7$#,1(2>" =2>-.1 [>008/+! *! ()&'21$)$*+! 23! =$*+$--2/(.$/! -$1$-/IQ! R (33$'$*+!

$%+',=+(2*N$+#2./1,'$!'$p>('$.1+2]. $+$=+1=$*+3$--2/(.$/U-(5$!)2-$=>-$/Q!
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o#," =+$'([+(=Y(0*,-/I(*+#3$!,'2),+(="$0(2*-$. 1+ 2+#FI(.$*+  (3(=,+(2*123+#'$$!
[+'>=+>"-1(/2)$'/12319Y ANKUGU9YA;!laUGU9YA; I TUGU9YAN * 138">-(sE(.Q!A/!
J#24%1 (1 <(0>'$! 1J;! X-(=(+,+(251 =, >/$.1 +#$! /(0%(3(=,*+! 21$'U& 2. >=+(2*1 23! +#$/$!
=2)&2>* [1=2)&,'$.1 +21=2*+'2-1=2* (+(2*/Q! F*|.$IAU+'$,+3.1/)) &-$/;! &#$*2-(=!
=2)&2>* N4$'$! (*(+(,--8! &'2.>=$.! ,+!.,8In! * I'$),(*$.1=2*/+* ++#'2>0#2>+!
+#$1JK!.,8/1231=>-+>"$QICG*I+#$12+#$'1#,*.;IOGHG!$-(=(+ St P! &'2.>=+(2*123!+#$/$!
=2)&2>* /13'2)1.,8lal>*+(-1+#3!1$*.1231+#$!1$%&$' ) $*+Q!A3+$'In!.,8/1231$-(=(+,+(2*;!
HH$(' =2*=F*+"+(2*1 4,/! JLU32-.! (*='$,/$.Q! A+! .,8! JII '$),(*$.! /+ J7-$! ]
$='$,/5.1/-(0#+-8!, +1+#$1$* 1231+#$1$%&$' () $*+QIR>'(*01, - H#$1$%&S$' () $*+;1-$1$-/!
23142+ -19YA/N(IOGHGUS$-(=(+$.!1/,)&-$/14$'$!/(0*(3(=,+(1$-81H0#$'1=2)&,'$.1+2!
SIAQIFH =25+ 2-1 [ ) &-$/! +#$! =2%=$*+' +(2%1 231 +#$/$! 3251 GHF*2 -(=1=2)&2>* /!
4,/1,-)2/+1>* $+$=+,7-3Q!"#$'$32'$;! 9GHG! = *1 7$! =2*/(.$'$.! +# SI73/+1$-(=(+2"
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H7B1AL(, fIL?@, '3/D1, e, '3iD1, If&#,  6L(LC, fIL@#,
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gTOT* 13M/15.'k.'5H<;BX*+<>JB?BX*<FX*IF?<>JB?BX*.B?<HGAGE@:*
)==>G<I*KG>*@FNB;?@J<? @GF*GK*+>B<?EBF?*L@?1*.B?| 7TA?BX:HSFE
1G>GF<?@FB*GF*3&*1DA?D>Bi$BIR &' ()'%)*' n*'=B:@<A@;BX*
.B?<HGAGEBT*

"H! ! UC:HD$+,72-2)(=/,*,-8/(/'&'$1(2>/-8.$/="(7$.18($-.$..$+,(-$.!
(*32'),+(2X 21441 ($H+(3(=,+(2*] *.1)2- 1=2*=$*+' +(2512  31&'(),'81)$+,72-(+$/Q!
241851 (+) (/) *2+ +#$! &'$3F,7-$! *,-8+(=,-! &-,+32)! +2! .$1$-2&! 1&$=(,-(/$.!
)$+,72-(/)! )$+,72-2)(=! ,&&'2,=H#$/! ),(*-8! 7$=,>/$! C:H! /&$=+'2/=2&8!
[>33$'/13'2)1-241 [$*/(+(1(+8Q! F*.$$.;1 1&S=(,-(/$.1)$+,72-(+$/! ,'S!  23+$*132>* 1 (]
2481, 7>% *=$I+# FHHSI& (), 81, ¥ HHS (=25 =S4+ +(2*1,'S)), (*-81(*3->$*=$.!
781$9%20%*2>/1/(0% -/ (*=$1+#$8!,'SF2*US//$*+(,-132' +#PI&-, *+ . $1$-28&)$*+QI"#S!
J&$=(,-(W,+(2*! *.1 (1$/(3(=,+(2*1 23! &-*+1 [&$=(,-(/$.1)$+,72 -(+$/1 (/! ;121 23+$*1
+ 5 48 (K421 =2)&-$%! =HSB) (=, -+ >=+>'$/QIHS | +HSI=#S) (=,-1 ($ *+(3(=,+(2*123!
C:HU,*,-8/$.! 1&$=(,-(/$.! )$+,72-(+$/! (/! =2)&-$%! /! |1 '$/>-+! 231 21$", &8&S$.!
J(0%,-/' DINEQ! "#$'$32'$:! 2+#$'1 *,-8+(=,-1 +$=t#+(p>$/1 /'$!1)2'$1 =2 *1$*($*+! 32"
1&$=(,-(I$.1 )$+,72-()) Y$+,72-2)(=/ [+>.($/! 23! &-*+! $%+ =+/QI A/l &S 1(2>/!
'$&2HH,1B! (*.(=,+$.) HE+] &H O)I(1+( 1 &=+ T(2/8*+HSI(WS! 1,'(2>/1 1&$=(,-(/$.!
)$+,72-(+$/! 7$-2*0(*0! +2! +#3$! =- //$/' &$*+,=8=-(=! +'(+$'&$*2(./;! =,33$28-p>(*(=!
=(/IDIYA/E! *.13-,12*2(./;14$1$*0,0$.1,1=2)&-$)$*+,'8!/+' +$08!+ 2127/$'1$!
+HHSI$33S=+/1231$-(=(+2'/1241+#$/$1=2)&2>* /Q!

@ NB69U:?2:2U7,/$.1)$+,72-2)(=/*,-8/(/'#, 1$1&' 21 $*1+ 21 7$1+#$1) 2/ +!
'$-$1,*+132'1+#$10-27,-1=21%',0$1231/8&$=(,-(/$.1)$+,72-(+$/1(* 1&-,*+1)$+,72-2)(=/!
[+>.($/Q!:12.$*1 @_NB69! +$=#*(p>$/! 233$' #(0#! '$/2->+(2*! (*1 /$&, ' +(2*1 23! +#$!

1)8-$! =2)82%$*+/1 7,/$.1 241 +4#$) * -S+$! (+&', =+(2* TS+ASSH +  #51)27(-$! *.!
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[+,+(2%,'B1&H#,I$1>* $'1#(OHI&'S//>'$! *.1>/(*01-2410' *>-2)$+'8Q! A-121=2>&-(*0!

(2*(/,+(2*! &'2=$//$/! -(5$! X?F! 2'l A+)2/&#$'(=! N'$//>'$! O#$)(=,-! F25(W,+(2* |
DANOFEQ! X?F! (/I +#$! &'$3$"$.! (2*(/,+(2*1)2.$! (*1)$+,72-2)(=/1 [+>. ($/'/(*=$! (+!
&'2.>=$/1,1- '0$I>)7$'1231(2*/132'1) 2/+12'0,*(=1=2) &2>* /[>=#! /I/&$ =(,-(/$.!
)$+,72-(+$/'DIKEQIA-/2:1: 21 (/1+#$I5$81&-,+32)132'1=2)&2>* I(.$*  +(3(=,+(2*14#(=H]
(1N KIS +(, -1 +S&I (F1,1)$+,72-2)(=/142'53-24Q!_(O#IHS/2->+(  2%1:21 --24/1+#$)!
$.>=+(2H12314#$1)2-$=>-,132)>- 1231 $+$=+$.1=2)&2>* /1 ¥, 1:2:21/&$=+'-!
S L&2L(B,13,0)$%+ +(241 &, ++$H At (=#! (/1 23+$%1=2)&2>*.  1/&$=(3(=Q!"#$*;!
$,=#1)2-$=>-$! .$+$=+$.! =*1 7$! =#, =+$'(/$.! 78! || &$,5! 4(+#! /&$=(3 (=! .,+,!
=2%/(/+(*01 23! (+/I H+3411 1,->$;1, 7>, *=81 *.1:2":21 3" 0)$*+,+(2*1 /&$=+">)!

J12=(,+$. QI #S/$I>*(p>BI($*+(+($/12'13$,+>'$/1=, *17$1=2--$=+ $.13'2)!" 4169U:?U

L+ I>1(*0Y/2)$1&2=$//(*0Y/23+4,'$/1/>=#1, [\ W: (*$NQI"#(/!/23+4,'$\( $*+(3($/!
3411 /(0%,-/' , 721! 1 *2(/SU-S1$-! +#'$/#2-.1 '$+>*(*01 35, +>'S/N 4(+# | +#$1'$- +(1$!
7> x=$1 ==2" (01421 (+/1&$,5!,'S, HS(OH+Q! "#$!-(/+(*0123 1>*(p>$! (2*/1D*,)$.!
3$,+>'$/EN(/1=">=(,-132'+#SY>T/Sp>F*+1:[RAL *.132'+#$1.(33$'$*  +(,+(2*1231(/27,'(=!
=2)&2>* [1,==2".(*01+21+#$('IH$+$*+(2*1"()$IDH+EQ!

B!+ +B) & 21T &>+ I )$FI2%IS, =#L $+E=+$I(25(/1=,--$.!] +HSIT.$'S&-(=, +(2*1!
&'2=$//QIR$'$&-(=,+(2*1(/17 ,/$.12*1+#$Y&$=+"-1(*32"),+(2*1231+ #$13$,+>'$/1, * I(+/!
=2)&, (12X A(+HH+H#SI1 2+ S/ 231 S(+HS [+ % 1=2)&2>* /12'1|&$=+' -] L +,7,1$/Q!
"#EF 1+ [>==$//1 23! $'$&-(=,+(2*! (/! .($=+-8! .$&$*. *+! 2*I + #$! =2)&-$+(2*! 23!
G TSIQF+! (1 *2+342'+#8! +#,+! . $'$&-(=,+(2*! (/! *2+!/8*2%8)!1 2 3! (.$*+(3(=,+(2*%;!
), (%81 7$=,>/$! 121 +,1 .21 %2+1 O(1$! (¥32'),+(2*! ,72>+! [+$'$2=#$)( J+'81 %2'1

&2/(+(2*,-1(/12)$'8Q!"#$!.$'$&-(=,+(2*1&'2=$//\(/*2+!/+'(=+-81*$S$. $.132'I>*+,'0$+$.!
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)$+,72-2) (14> (17> (+1=2) &-$+ S/ +#$! 7 (2=#3) (=,- | (*+$'&'$+, +(2*1231+#$!.,+,Q!
81 * 4> 1 &'2.>=+1 [&S=+' -1 12121 L +,7,/$/! 3'2)1 (33$'$*+! 7(2-20( =-l
[2>'=$/1 '$! =>"$*+-8! |1,(-,7-$Q! CSLI$+#$-$//;! 69U:?! &-,+32)/! #,1$!
(1,54 ,08/1/18$=(,--8! 781 +#$1)$,*/1 23! (+/'$&'2.>=(7(-(+8! ,*.1+  #,+1+#$'S!I (/1 *]
$*202>/1 #$+$'20$*$(+8! (*! +#$! 69U:?142'53-24/;1 &,' ) $+$' /$++(*0/!, 1+
32"),+/!DJInK;lIk;laEQ!!

"'0$+S.! )$+,72-2) (=1 (! "B+ (=+S.! +2! +#F! *-8/(/! 23! &'SU.$3(*$. !
)$+,72-(+$/13'2)1/&$=(3(=!&, +#4,8/12'132)1+#$1/)$!3,) (-8QI"#$! />==$//!  23!+#$!
+,'0$+$.1 )$+,72-2)(=/! ,&&'2,=#! -($/! (*! +#$! &'(2'! 5*24-$.0$! 23!  +#$! /&$=+"-!
=#," =43 ([+(=/' 23! +#$! )2-$=>-$/! $%&P$=+3$.! +2! 7$! 32>*.Q! "#3$! >/R3! /+,*.;".]
=2)&25* /1 --24/'$-(,7-$1(.$*+(3(=,+(2*178!=2)&, (I2*QUHS I+ *.' /1, '$1*2+]
1,(-,7-$:1/&$=+"-1(*32'),+(2*1&'21(.$.178I2+#S+>.($/1>*. 81 [()(-,1=2%.(+(2*/!
#-&S.I+#B! (($*+(3(=,H(2*QIF*1+#(/1=,/$; | #24$1$'; 1 4(+#1 24$"1-$1$-1231=2*3(.$*=3Q!
[#(-$! >*+,'0$+3$.1 )$+,72-2)(=/! (/' ,! #8&2+#$/(/JUO$*$',+2'! ,&&'2,=# 1 +'0$+3.!
)$+,72-2)(='(,'#8&2+#$/(/U. (1$*,&&'2,=#IDIIaEQ!F*I+#(/1=,/$;!1+ #$H#8&2+#$/(/!
(/" +#$! &2/(+(13$! $33%=+! 23! :$iA! *.I 9GHG! $-(=(+,+(2*! 2*! $# &'2.>=+(2*! 23!
=$*+$--2/(. S/ *.L QYA +#25041 +#$('1 &'2.>=+(2%1 )2*(+2'(*0! (* !, +,'0$+$.!
)$+,72-2)(=/'+()$U=2>"/$!$%&$'()$*+,-1.$/(0*Q!!

P 2+4#$'14,8:1@ _N69U:?":2U7,/$.1>%+,'0$+$.)$+,72-2)(=/17$=2)$/!
$/1$*+(,-! +2! 3>'+#$'] $%&-2'$! +#$! $33%=+/! 23! :$iA! *.! 9GHG! 24 +#$! 0-27,-!
18$=(,-(I$.1)$+,72-()123!_HI23!  &HOI(*+( +21&(*&2(*+I+#$)),(*1)$+,72-(+$/1,*.1
&, +14, 811 2+HS 1 +#, =S5+ $--2/(.$/; | At (=HI= HITSI(*3->$*=$.]  78!/>=H#I$-(=(+,+(2*/Q!
FrI+#(/142'5;) (+1#,/17$5*1'$),'5S. 1 +#$!=">=(,-1'2-$!123!+#$!/+>.8!  231+#$!)$+,72-(/)!

32'1 3>+>'$! 3(*$U+>**(*0! 23! )$+,72-(=! $*0(*$$'(*0! /+>.($I@\! 354! /[+>.($/! #,1$!
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$%&-2'$.! +#$! .8*)(=/! 23! /8&$=(,-(/$.1 )$+,72-(/)! =#,*0$/! =,>/$.1 78! :$i Al
$-(=(+,+ (X (BHQ 1+ (# +(/>$1=>-+>"SIQIF+ (/1/>00$/+$.1+#, +1(+1(*12-1$/1,-+$' +(2*/!
(X1 12)$] &, +#4,81:1 A(+#] ¥ (*='$, /B! (1| +'(+$'8F*2(./) =$*+$--2/( B/ *.1 YA/
-$1$-/1 DILEILKIKLEQ! _24$1$';1 +#8$! :$IAl /(0%,-(*0! &,+#4,8! (/| =2$=+%.1 +2!
2+ L] +#>[1 =2%/+(+>+(*01 ! =2)&-$%! '$0>-,+2'8! *$+42'5! DILIEQ! "HES*$/! >&U
'$0>-+$.1 78 SIAl (=->.$! +#2/$! (*12-18.) (%I V,)2%+$! 7(2/8*+#  $/(/Q!
92%/$p>$*+-8;! [&$=(,-(/$.] )$+,72-(/)! *.! 2+#$! [+'$//U-(5$! &#BI(2-  20(=,-!
), (3$/+,+(251 =41 /21 T$! =+(1,+$.Q! H$=$*+-8;! (+! #,/1 7$$*1 2 7/$'1$.! +#,+]
$-(=(+,+(2*1 4(+#1 9GHG! +'(00$/1,1 =2%/(.$', 7-$1 #(0#3$'1 &'2. >=+( 2*1 231 +'(+$'8$*2( /!
HEFESIAICKL &HOI (1 1=$--U>/&$H/(241=>-+>'$/IDIKNEQL2'$21$;12+$l/+>. 81, 15!
$)2%/+ +$.1+#$1&2/(+(1$!1$33$=+1231JLLI«:123L:$iAl *1J1e:l  2319GHG! 2+ +#$!
&'2.>=+(2*1231=$*+$--2/(.$/1 *.1$%&'S//(2*12310$*$/1 (*12-1$.1(*  |+H#$I=$*+$--2/(.$!
&, +#4, 8I(*I+#$Y )$1-(*$123]_HI>/$.I(*1+#(/)/+>.8IDITAEQ! 2 4$1$';+#$/$I&'$1(2>/!
[+>.($1#, LB 7$$H1=$+$'$.1 25 +#$1al ), (1) 2-$=>-$/ (F1+#$1=$*  +$--2/(.$/13,)(-8!
AH(=H(/1)>=H#-,'0$'Q!!

"213>-3(-| +#$/$ 27VS=+(1$/;1 +421 .(33$'$*+! )$+,72-2) (=/ [+>/($, 1$! 7$$*!
&$'32)$.1 251 +#$!_HI/)&-$/]! | +,'0$+$.! 2+$! 32=>/$.1 2+ =$*+$-  -2/(.$/! *.!
&HS*2-(=/;1, %1 KI5+ '0$+$.125$132'17'2, SI(OHH12*1+#  $10-27,-)$+,72-2)$!
=#*0$/Q! <>'+#$)2'$;! | :2-$=>-1 C$+42'5(*0! D:CE! ,&&2,=#! >/(*0! (0  #
H$/2->+(2%1 1214, /1 T$$*1 . 2%$1 +21 O(L$! 1 21$'1($4! 231 +#$1 &, +#  4,8/;1 =#$) (=,
= IS (F12-1$.1 (11 +HS!'SI&2H/B! +21 $-(=(+2'1:1 +20$+H$' A(+#1 +#$(*1$/+(0,+(2*1 23!

=$*+$--2/(.$/' *,-20/Q! O$32'$! +#$/$! *,-8/$/;! || . $1$-2&)$*+! 23! 1 @_N69U

=$*+$--2/( B/, 12+HPT &HOI(H+( 1+8&(=,-1=2)&2>*./Q!
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gTOTUT* (BNBAG=EBF?* GK* I3M/15.'k.”* XB?B:?@GF* GK* :BF?BAAG;@¥B;* <
=IBFGA@:*<:@X;*:I<><:?7B>@;? @G> **
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Asiatic acid

Asiatc acid neg1 #150 RT: 098 AV: 1 NL: 13266
T: ITMS - ¢ ESI Full ms [150.00-1000.00)
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Infusion 3 pL/min MeOH solution 0.01 mg/mL (-)ESI-IT-MS

487.40 (M-H]
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MF: C3H05
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Madecassic acid

Madecassic acd_neq 071021 #126.167 RT. 104.1.86 AV. 63 NL: 627€3
T ITMS - p £S5 Ful e [145.00-1500.00)

Infusion 3 pL/min MeOH solution 0.01 mg/mL (-)ESI-IT-MS
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Asiatic acid

Asiatic acid pos1 8729 RT 482 AV: 1 NL 1.04E6
T: TMS + ¢ ESI Ful ms [100.00-1200.00)

a3

12911 15950 23321

527.38
31180 36521 agysy 46711 ||PTY

Infusion 3 pL/min MeOH solution 0.01 mg/mL (+)ESI-

IT-MS

511.28 [M+Na)
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760.57 83551 l 89589 05477
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[2M+Na]*

Asiatic acid
M, : 488.3501 Da
MF: C3oH,505
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T (TS » p St Ful e [109.60-1500.004
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Infusion 3 pL/min MeOH solution 0.01 mg/mL (+)ESI-IT-MS
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Madecassic acid

M, : 504.3450 Da
MF: CyoHgO
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Mix_Aglycones

Infusion 3 pL/min MeOH solution 0.01 mg/mL (+)ESI-IT-MS

MIX_shcones 20102021 _pos_211020103402 #4631 RT: 208 AV- 1 P ES
T: TMS + ¢ ESI8id=30.00 Full ms [80.00-2000.00)

AA: [M+Na]
511.46

36043

52745

527.45 MA: [M+Na]*

Asiatic acid Madecassic acid
M,, : 488.3501 Da M,, : 504.3450 Da
MF: C3oHesOs MF: C3He06

61527

8435 gog33
il L 14 l 78y oul “L_w‘mn 117384 127138 136476 143921 ST sep043 177244 1ee822 1e787
. .

301.18 689.30
1031.52
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200
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Mix_Aglycones

MIX_alcones_20102021_neg #14-334 RT. 0.04-107 AV: 321 NL 21
T: TMS - ¢ ESI Full ms [125.00-2000.00]

1004

AA: [M-H]

487.46

157.19 25638 33654 41192
R —
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Infusion 3 plL/min MeOH solution 0.01 mg/mL (-)ESI-IT-MS

50361
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MA: [M-HJ
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M, : 488.3501 Da M, : 504.3450 Da
MF: C3oH 505 MF: C3oHeg0

MA: [M+FA-H]
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Asiatic acid MS?[511] Infusion 3 pL/min MeOH solution 0.01 mg/mL (+)ESI-IT-MS

Asiatc acid pos1 #809 RT. 857 AV: 1 NL: 1.19E5
T: TMS + ¢ ESI Full ms2 511.30@cid15.00 [140.00-700.00) 467.27 ®

100 Na*| 511
- -
503

Asiatic acid
40 M, : 488.3501 Da
33 MF: C3oHg505

s -44:CO,

511.30 AA: [M+Na]*

26299 27724 34334 IMB6 42117 45125 49341 l 58704 61669
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Madecassic acid MS2[527] Infusion 3 pL/min MeOH solution 0.01 mg/mL (+)ESI-IT-MS

Madecassic ackt_pon_OT1021 #S15-557 RT- 579649 AV: 43 M.: BS0EY
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Asiatic acid MS?[487] Infusion 3 pL/min MeOH solution 0.01 mg/mL (-)ESI-IT-MS

Aslatc acid 1#3082 RT: 2089 AV: 1 NL: 2.19E4
- TTMS c E8) Ful ma2 487.40@120.00 [130,001000.00) 487.46 [M-H)
100

753 -

703 -78: -HCOOH»HCH,(y/

Asiatic acid

M, : 488.3501 Da

] MF: C3oHegOs

253 — |- 66: -HCOOH-H,0-H,

10 42139 -|-32: -CH,OH-H
40333
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Madecassic acid MS2?[503] Infusion 3 pL/min MeOH solution 0.01 mg/mL (-)ESIHIT-MS

Madecassic ackd_neg_071021 #488.575 RT: 338389 AV: BS NL: 29862
T [TMS - p ESI Full mu2 500.00Qcki25.00 [135.00-1500 00§

1004 a7z

L&

8
Tiay

§ & 8 8§ 8 & ¥ ¥ 8 B

™\ 16: CH,

IR - 32: -CH,0H-H

®

453

f
- 44: CO?/T \\.
WY | e =

¥ )
1% joe a3 il i =\ 18:-H,0-H

81233 sa217 574,67 589.00

s 3 $

10- 4233 |

! - ‘ ' wm 503.33M-H]
NN

, |

i 1.3 L ‘

o107 16925 18825 20117 22525 24701 2808 20742 31925 BB i ll|I ol
%0 400

150 200 250 200 500 550 00
mz

$
@)13,.$,5297X121,2.06)+4"D%@ZJI48163.1-41.0;1)'1+4*)64761\]_1841771")(4B.%!)/!
"(.147%

&&'!

o

Madecassic acid

M, : 504.3450 Da
S8 H0,/7 | MF: CyoHegOp
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?2>'&'(/(*0-8;! A#(-$! +#$! :? - *-8/(/' 4,/! .(33(=>-+! 4(+#! +#$! (*.(1(.>,-!
=2)&2>* 1[2->+(2%[;1 (1 +#$1) (%! [2->+(2*1 (+14, N &2//(7-$1+2127 +,(*1(*1/2)$!=,/$/!
1?0 1&$=+"1231+#$!1)2/+1&'2) (*$*+!)2-$=>-,"1(2*/1,*.13",0)$*+/Q! <2'1 $%, )&-$;!
(1 +#$1 =,/$1 23112 "1 % -8/(/1 231 +#$! $&'2+2% +$.1)2-$=>-"1 (211 Z:w_» 3231 AA!
Zanb aLS! KbSe!D<(0>'$!KIEQ!"#$/$!'S/>-+/14$'S! -/21(*1,==2". *=$14(+#1+# 2/$!
$/=(7$.178(,  #,*#(QIDILITE!,*.178IR#,*#(Q!DILLaEQ!

Mix_Aglycones MS*[(AA)487->409->379] Infusion 3 pL/min MeOH solution 0.01 mg/mL (-)ESI-IT-MS

MEX_ahcones_20102021_neg_211020103402 #973-1000 RT. 4.054.2 B NL: 11263
T ITMS - ¢ ESI Ful ms4 487 50@cid31.00 409 A0@cki29 00 379.40@cid25.00 [100.00-2000.00)
363.40
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288 3B
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Asiatic acid
M, : 488.3501 Da
MF: CyH40q
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Asiaticoside

asiaticoside_neg 14102021 #4192 RT. 0.70 AV: 1 NL: 4 64E4
T: TMS - p ESI Full ms [135.00-2000.00)

[trisaccharide-H]

469.75 ; 2
[M-trisaccharide-H} = AA

487.75

500

Madecassoside

Madecassoside_14102021_neg #116 RT: 0.36 AV 1 NL 220ES
T. TMS - ¢ ESI Ful ms [270.00-2000 00]

1005

[M-HJ

[M-trisaccharide-H} = MA
503.37

[trisaccharide-

" 469.35|:

32539 37447 ll " 66857 72448 801.07 B57.34 95777

973.60

1003.58

7758

101750

1045.50
1 114058 121367

$

Infusion 3 pL/min MeOH solution 0.01 mg/mL (-)ESI-IT-MS

[M+FA-H}

Asiaticoside
M,,: 958.5137 Da
MF: CygH750,0

[2M-HJ"
1916.
1868.33

144767

25
148683
1384.00 167767 173625 197658
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Infusion 3 pL/min MeOH solution 0.01 mg/mL (-)ESI-IT-MS

C]
-H

OH
L
o
504 . oW Y oH
Mﬁi
0 OH
O Ng Ao
H O
503 ~HO” T oW
4 i
-470 o

Aglycone

Trisaccharide

33
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Madecassoside
M, : 974.5086 Da
MF: C4H74050
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|
Mix_Saponins: MD & AD Infusion 3 pL/min MeOH solution 0.01 mg/mL (-)ESI-IT-MS
MIX_Saponins_20102021_neg #1611 RT: 1404 AV: 1 NL: 6.18ES AD : [M-H
T: (TMS - c ESisid=30.00 Full ms [95.00-2000.00]
100, 957.64
95 ‘
%]
ss% MD : [M-H]
] 973.60
s
™ 1003.56 AD:[M+FAH
65 ‘ 100356
! AD : [M-H-trisaccharide]
e 487.57 MD: [M+FA-H]
204 [trisaccharide-H}  (  [H]101es: 3
i MD : [M-H
1 469.37 150364 | AD : [2M-H]
104 46937 e 81161 P
§1 "o 144685 193267
20817 25537 353 4094, |))52970 64945 gosse l 87147 :iww 121377 wrars |25 1e0840 177070 185243 |m
S 100 200 300 400 500 80O 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1800 2000
|
!
@)13,.%;[Z 112!,2.06)+*1"D%@2J'48!-+A!,41;6+4*148! ) 24*+* |
|
|
!
12020 % -8/(N(*1+#$IDUEX?F)2.$1231+#$1)2-$=>- "1(2*/1Z:U_+  I(*I72+#AR!

D,+B41ISTbE!*.I'R!D,+! 341!SbKE!'$1$,-$.]'DJIE!+#$!/,)$!7,/$!&$,5!,+! 3411aKS!
. IDIE! +#8! &2.>=+/1 (2*/! ,+! 341l anb! 32'' AR! *.! 341! TLk! 32"l :R! &>+,+(1$-8!
=2"$/&2*.(*0!1+2! +#$! . $&'2+2*,+$.1,0-8=2*$!)2($+8! D<(0>'$!KTEQI#$! (2*! ,+! 341#
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A(+# [2)$! -2//$/! DIIDEQ! "#$! &'2.>=+1 (2%/1 32)1:2 & *-8/(/1 23! :R! +! 341!
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Asiaticoside MS2?[957] Infusion 3 pL/min MeOH solution 0.01 mg/mL (-)ESI-IT-MS
asiatcoside_neg_ 14102021 #764-053 RT. 11.391266 AV: 190 NL:
T: ITMS - p ESI Ful ms2 957 70@cid37 00 [260.00-2000.00]
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Madecassoside MS?[973->469] Infusion 3 pL/min MeOH solution 0.01 mg/mL (-)ESI-IT-MS
Madecassoside_14102021_neg #1613 RT:8.86 AV: 1 NL:344E2
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Madecassoside MS?[503] Infusion 3 pL/min MeOH solution 0.01 mg/mL (-)ESI-IT-MS

Madecassoside_14102021_neg #6623.6633 RT: 30 83.31.63 AV: 164 T3E3
T: ITMS - ¢ ESIFull ms2 503 50@cid32.00 [135.00-1000.00] [}
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Asiaticoside MS2[487]

Infusion 3 pL/min MeOH solution 0.01 mg/mL (-)ESI-IT-MS

asiaticoside_neg_ 14102021 #1488-1522 RT 2361-2383 AV:35 NL b
T:MMS -p Full ms2 487, (13 .00) $
100- 40042 $ °
-H | 957
8 |
% $ ' ‘
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e > HO, 0
. 3 Jees”
b $ Ho” 7 Yo ; ;
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Madecassoside MS?[973] Infusion 3 pL/min MeOH solution 0.01 mg/mL (-)ESI-IT-MS
Madecassoside_14102021_neg #846 RT. 4.32 AV:1 NL: 1.16E4
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Asiaticoside
[M+Na]*
981.57

asiatcoside_pos_14102021 #166-2004 RT: 0.58-7.08 AV: 1839 NL
T: ITMS + p ES1 Full ms [150.00-2000.00]
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Infusion 3 pL/min MeOH solution 0.01 mg/mL (+)ESI-IT-MS
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M,,: 958.5137 Da
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Infusion 3 pL/min MeOH solution 0.01 mg/mL (+)ESI-IT-MS
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Mix_Saponins: MD & AD Infusion 3 pL/min MeOH solution 0.01 mg/mL (+)ESI-IT-MS

MIX_Saponins_20102021_pos #36 RT:0.11 AV:1 NL: 260E6
T: 1MS + ¢ ESi sid=30.00 Full ms (275 0,00}

[275.00-2000.00] 981.70 AD: (M+Na)*
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Madecassoside MS2[997] Infusion 3 pL/min MeOH solution 0.01 mg/mL (+)ESI-IT-
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@)13,$0/$1014A2146148163.16+-.104;, 1*4-) 1+, /I 1)6+B.1) (*)*0.148163.1+4*)6! 476N WSWIFFC!_VFHmV!
P\ =$FGI"2)4)6+1@%S!
!
!
!
"USIFN/127+,(*$.13'2) | GNBPURAIA(+#1+#$1:$IAU+S, +$.1/,)&-$/1,+] . 8lal

#24$.) al 24*U'$0>-+$.! 2-$**$U-(5$! =$*+$--2/(.$/;! kI >&U'S0 >- +$.!
=$*+$--2/(.$/(2*'D2*$I7S(*0IAAE; 11 24*U'$0>- +$. 42+ U=->/+$'$.1(2*], * la*2*U
3',0)$*+$.1 (25/QI"#$!3,=+1+#,+124-8IAA! &&S,'S.| (HI+#$!-(/+ 1231+ 2&![FN/!/>00$/+/!

+#,+1 OGHG! (/! ,7-$! +21)2'$! ', &(.-8! ,=+(1,+$! +#$! &'2.>=+(2* 23 +#$! a! ),V2'l



=$*+$--2/(.$/1 +#, %1 :$IAL . 2$/Q! 2()(-,-8! +21 9GHG;! 2-$,*,*$U-(53  1=$*+$--2/(.$/!
&&$,'S.L NEN/H24(*01+#,+1:$IAl),81,-/21. 24 $0>- +$+#(/1 7 ' *=H#1 231+
&, +#4,81(*13,12>1231>'/ *$U-(5$! =$*+$--2/(.$/Q!_24$1$";1+#$!,7 (-(+8!2319GHG! +2!
(*.>=$!>"/ *$U-(5$!)2-$=>-$/142>-173!10'$,+$'QI"#(/1 (/'=2*/(/+$*+!  4(+#!.,+,!13'2)!
HHSIH,'0$+$.)$+,72-2) (=1, &&'2,=H# (M A#(=HIGHG!$-(=(+$.1/(0  *(3(=,*+-81#(0#$'!
&'2.>=+(2*1231+#$lal), V2'I=$*+$--2/($/1+#,*1: $IAQ!!

F+1/$$)/1 +#$*1+#,+19GHG! *. L' SIAL' (1$! +#$!/8*+#P/ (/1 3->%! +2!+ #$!>'/ *$!
&, +#4, 81" +#$' +# ¥ +#P! 2-$,* *$! &, +#4,8! +#'2>0#! 1 1$'8! &'$=(  /$!'$0>-,+(2*!
A(+#H(1HHSI+ (+$'&$*$I&, +#4,8Q!!!

?TOTQTUTQT*1G>>BA<?@GF*<F<A7;@;*GK*?IB*BA@:@?G>;**
:

"210213>+#$' 1 241 +#$1=2%3('), +(241 231 +#(/1#8&2+#$/(/;) M $-E(+2'1=2"$- +(2*]
*,-8I(/! 4,11 &$'32')$.Q! "HS! :$+,72A%,-8/+1 )2.>-$! 23! 92"$- +(2*! A* -8/(/!
248 I+HBI2T+$*+(241231HHSIT!) 2/+1$-(=(+2'U/$*/(+(1$13$ $/1$(+#$1>&U12.24*U
'$0>-,+$.132'172+#1$-(=(+,+(251+'$, +)$*+/ID<(0>'$!KSEQ!!

BB $-(=(+2122"$-,+(2%1 /+> .81 231 +#$! BIAl/)&-$/I'$1$,-5.L.(UIY A/ /!
), () $+, 72-(+$/182/(+(1$-81=2"$-, +$.QIA) 25 OHHSBIS*-(/+$. 1=2"$-, +$.135,+>'$/!
A$'$1*2+1 Ry AR;1 7>+ +421 (2411 3'2)1 +#$! CUIQ! G*1 +#$] 2+#$' #+.;1 +#$1 .24*U
'$0>-,+$.135,+>'$/14$'SIK! (24/132>% | (<1 +#$12-$ * *$U+8&S!  /,&2*(*1/>T*$+42'5Q!
Gl +#$! 2+#$'1 #,*.:1 OGHG! &2/(+(1$-81 =2"$-,+$.1 3%, +>'$/1 48R 1AR! %1 (+/!
'$/&$=+(1$!/,&20%*(*/;1al (2*/1 23! +#$ICUIL *.1J1.(U=,33$28-p>(*(=! ,=(.Q!"#S$!) 2/+!

24*U'$0>-+$.1 (2*14$'$!I T! (2*1 7$-2*0(*01 +21 +#$!1 2-$,* *  PU+B&S! =$*+$--2/(.$/!

&-/!



[5T*$+42'5;1 al (251 3'2)1 CUK! (¥=->.(*0! &*.>' +(*1 X;! *.1 %1 ( 2+13'2)! CUal
P24+ 481 1 KUT$*W28-2%8UIU#8.'2%88/2&8-UsURUD->=2&8'*2/(.>'2*(=! !
d$*$'--8;1 (+1 4,/ 27/$'1$.1 ,0,(*] +#,+] T2+#1 $-(=(+2'/1 =2>-.1 .2 4*$0>- +$! +#$!
2-$,* *$18,+#4,8;!$/&$=(,--8!9GHGQ!

92"$-,+(2*! *,-8/$/1 4S'S! +4#$%1 &$'32)$.1 2*1 &$=(3(=!)$+,72-(+$  Q!"#$!
3%, +>'$/1 =2"$-,+$.! 4(+# AAI D<(0>'$! bL,E! *.1 :Al D<(0>'$! bL7E! (*! +#$! 9GHGU
B, +$.1/)&-$/14$'SI3$,+>'$/132) 1 +HSICUIQIGH+HSI2+#S 1#, % | -1 +#S$!(*1$/$-8!
=2"%- +$.1(2*/145'$12-$,* *SU+88SBI=$*+$--2/(BI/ST*$+42'51(2*  IQI"HP!-,++5'13,=+]
'$(-32'=$/1 +#$] (5,1 231 +#$!) 21$)$+1 231 =, 72%13->061 +24," /1 +#$] >/ *$1 *.1%2+]
1 2-8,* *$1 &, +#4,8Q! FH1+#$! =, /1 231 +#$! &2/(+(1$-81=2"$+$.! (2*/1 4(+#! +#$1 AR!
D<(0>'$!bL=E! *.I:RID<(0>'$!bL.E!(19GHG!+'$,+)$*+;! -)2/+! -1 4$'$13'2)I+#$!
CUIA(+#B411, 721 $ISLLQIF+=25- I(* (=, +$1, 182/ (+(1$1=2"$- +(2 A (+H#&2* (*1 (*=$!
+#$81>/>,--81 233% 1 #(0#$341Q! "#$!/,)$! *,-8/(/1 4,1 &$'32")$.! 2*1 +#$! :$IAU
+$,45.1/)8-$/1 *18($-.$.1'S/>-+11$'8!/()(-, 1+21+#2/$1 231 9GHG! D<(0>'$!hJ,U

EQ

&-&!



$

@)13,30 $IR)6;",124,+6+B.194'™ 5)6+B.19/04".1)6./17+6363.1.1+0+6)6+4*2+63VEWE!")(4B.%!4'.U7"'( 14796$
R)6..,)).H/*6+8+/174631.+63.163.+1 624'<l)  *46)6+4*Cly*46)6+4*CIOISIA 674'< [CHBISHAIG5- 46 /!

|



$
$

$
@)13,.9]6 $IR.)6;",124,+6+B.19'4'* 5)6+B.19!04".1)6./1?+6363.12'4/;06+4*148177!") %0l 71" (%! 7K!"0%!)*IK!"/%!
*''WVEWE!.1+0+6)6+4*/;'+*51)11163.. A2."+- *6$!!

|

&-(!



|
@)13,.9]5 $IR.)6;",124,+6+B.19'4'* 5)6+B.19!04".1)6./1?+6363.12'4/;06+4*148177!") %0l 71" (%! 7K!"0%!)*IK!"/%!
*1.U71.1+0+6)6+4*/;'+*51)11!163.1. A2.'+- *6$!!
|
|
|

gTOTQTUTGT*1G>>BA<?@GF*<F<A7;@;*GK*?I1B*? @EB*GK*I<>NB;?@FJ
!
!
!

F+1'$/>-+/1 (33(=>-+! +2! $%&-,(*! +#$! (*#(7(+(2*! 23! +#H1&8! **2+,+$.!

2-$,% *$U+B8SB! =$*+$--2/(.$! (2+/Q! F*R'# ()I(*I+( ;1 +#$! G%(.22p>,-$*$! 98=-,/!

&)!



DG?9E!*))$.1,/1 /AP N7$$*.$/="(7$.!,/1'$/&2*/(7-$132'1=8=-(/(*01+#$!I;kU
2%(.2/p>,-$*$! (*+2! 7U)8'(*! D> *$! /5$-$+2*E! *1  "U,)8'(*! D2-$,**$!
[5$-$+2*E!, +1+#$!/,) 51+ ()$!IDISD; ITII TKEQI"#$!'S0>-, +(2*12 31+#(/1$*W8)$I'$), (*/!
SAE*QAQI'HS'S!(/12*-81$1 (.$*=$1'S0," . (O1+H#$I$%&'S//(2*1231+#$  10$*$I$*=2.(*O!
I A2 (FLS/+(0,+$. (14421 /+> (B/QIHSI>/$I123SIAI(*L L 338'$*+!_HI-(*$!IDJalE;!
*IHHSIS/BI231:$IAL X IOGHG! (*1+#$1/,)$I'22+1-(*$1,/1>/$. |(*1+#(/'/+>.8!DITDE!
(="$,/$.1+#S1 $%&'$//(2*1 231 +#$1 0$*$Q! N-, *+/1 +8&(=,--81=2%+,(*I1 2W$*1 231G ?9/!
+#,+1 = +,-8/$! +#$! =8=-(/,+(2*!'$,=+(2*! +2! +'(+$'&S*$/! 'S, =#(*0! B3$'S*+! &'2.>=+/!
DITaEQ!9GHG!,*." 2'l:$iAI=2>- 1+#$*'$0>-,+$!/2)$!1 2+#F' /! G?9/1* 2+18%+132>*.1
(1&H)I(H+( QIAZ+S1+#$132"),+(2*1231+#$1+' (+$' &S $I&'2. >=+/:1+#$/$!, $3'$.178!
2%(.,+(2*/1,*.10-8=2/8-,+(2*/Q!"#$! 2-$,* *$U-(5$! (2*/! $'$&-(=, +$.I(*1+#(/!/+>.8!
A$'SI&>+,+(1$-8!, 7 2+,+$.1, /1] &2*(*IQI"H#E'$32'S; 1 (+1(/1/>00$  [+$.1+#,+1$-(=(+,+(2*!
),8! (#(7(+! 2*$1 231 +#$/SI $*W8)$/! .24%/+'$,)! 231 +#$! &, +#4,8Q1"2  1$%&-2'$! +#(/!
HB&2+#$/(/;1 451 -225$.132' (241 (1 +#$!=#'2),+20' )1 +#,+1)(0#+!7  $-2*01+21*2*U
0-8=2/8-,+$.12-$,* *$U-(5$!,0-8=2*$/QI<2'H#(/1&>'&2/$;(+14,/1=2 */(.$'S. +#,+1+#S!
>'*$U2-$,* *$1&,+#4,81(/1/8))$+'(=,-1,* . H#,+1/+'>=+>" -I(/2)$'/1=,*! 7$132>*.1
A(+#1+#$12%-81.(33$'$*=SI 7S (*O+#$!) $+#8-1/>7/+(+>+(2*1&ZE*/12*19UIS!, *.19UILQ!
F/27,(=1(2*/1231AAL* 1 AI4$'$1$33$=+(1$-8132>* 1(*169U_H:?":  21&'23(-$/14(+#!
(33$'$*+IH+411anbQKK SJ14(+#! H+1JTQab!, 8411 TLkQKKaL! 4(+# H+!JIQSKQ!"#$/$!
(2*14$'$!132>* .1 [1>*&,('$.1*2.$/1 (*1*2*$1 231 +#$!) 2-$=>- "1 *$+42'5/;1,*.12*-8!
+HHPI'S-,+(1$!,7>*. *=3!. +,132'1+#3!(2*],+! 341lanbQkKSJ!4(+#!,*IH+!1231JTQab!=2>-.!
7$! 'S+ ($1$.Q! F+/1 3,0)$%+,+(2% 1&$=+">)! [#24$.1 *21 [0(-,'(+($/! 4  (+# AAl

[>008/+(*0!+#,+1(+1=2>- 1}2+17$! *| * -20>$!123!(+4(+§*12-$,* *$!/5$-$+2*ID.,+,!



DI H2AYEQIHS'$32'S: 1+HS/BL., +,1. 215241 - 2A1S/1421=2%/(  $1+HP$I&2//(7(~(+81+#,+]
OGHG! (*#(7(+/' +#3$! 0-8=2+"*/3%' /B! +#,+! 32') +#$! [ &2*(*/1 2*1 + #(/'/(.$! 23! +#$!
7' F=HQIFH =25+ [+: 1 +#S/S'S/>-+/1/>00/+$. +#,+1 OGHG! =2>-.1 (* #(7(+ +#S$! $*+('$!
2-$,% *$1&, +#4,8Q! 24$1$ | (+1(/142'+HH=2%/(.$' (*O1+#,+1&-, *+/1&'2.>=$!.(33$'$*+!
0-8=2+'*/3$'/$/! DITAE! *.1 (*I  &# (OI(*1+( ! 2*-8! 2*$! #/1 7$$*! .$/="(7$.Q!
" A= (&+2) (2! /+>.81 231 +#(/1 &, +#4,8! *.1 ($*+(3(=,+(2*1231%$4  1$*W8)$/1 23! +#$!
=$*4$--2/(.$1&, +#4,81(1 &S, +(LSQI"H(/1=2>-. 1 [#$.1-(O#+1 2% +#$1'$0>-,+(2*1231+#S!
=$*+$--2/(.$!&,+#4,8Q!
_9AI'$1$,-$.1+()PU=2>"/$!&'2.>=+(2*1&,++$*/132'19GHG!/,)&-$/ID<(  0>'$!
bIEQ!9YA/I *.1 (U9YA/!/$$)$.1+2! 7$! &'2.>=$.13'2)!.,8InI >*+(-!. ,81IKQ!"#$!
(#(7(+(2*12312-$,* *$U+8&S$!I=$*+3$--2/(.$/!,3+%$'1al.,8/1231$(=(+,+(2*14,/'27/$'1$.Q!
:2'$21$"; 1 OGHG! (*#(7(+$.! +#$! &'2.>=+(2*1 231 3$,+>'$/1 7$-2*0 (*0! +2! =->/+$'l CUK!

J(=$I+#SI 7SO(**(*01231+#$I$% &S ) $*+Q!!

BB PP LD RPDRD LR DRP DR B R B H



$

$

@)13,.$]:Z8 H+.')'03+0)1! V1;,6.'+*51 7%)19,+,1 "HV7%! 48! 63.! -4,6! , +5*+8+0)*619DB)1;.! +| GEGGW%!
8.)6;.,1"8+5;"/1(9163.41  476")6+41)*/163.+'1".6.%6+4%16+-.1W6E%! 84 VEWE!)*/1".2 '., *6./14%1)!
3.)6-)2!")*5+*518'4-1' /10414;184'13+5317&V!")'.) 1:%/.163.10;'B.%!641(1;.184'11421) (;*/)*0.%$!



13)M+06&*f*

fT* 1-"1/1'#-"*

JQ! "#$18(),'8)$+,72-(/)1 (1!, 33$=+$.1 781 72+#1$-(=(+2/:1 7>+ OGH GI+(00$'$.!,*
$,-($'1,%.1/>8$'(21'$&'20',)) (*0!$33$=+1+#,*:$IAQ!!

|

IQ! "#$!,* -8/(/1231+#$I C:HI/(0* -/ ,--24$.1 +#$1 ($*+(3(=,+  (2*123laL1=2)&2>*./!
(*=->.(*0lal/&$=(,-(/$.)$+,72-(+$/]IKIOYAN *13$'>-(=1,=(.Q !

|

KQ! 9GHG! *.1 :$IAl =,>/$.! | [(0*(3(=,*+! =2%/>)&+(2*1 23! =,'72#8.", +$/1 %1
12)$1,)(*2! =(N1=2)&,'B.1+21=25+'2-QI A+ +HSI/ )SI+()B; +4SI=24=F%  + +(2¥]
2319YA/N * 13$>-(=1 =(14$'$I/(0*(3(=,+(1$-8I#(O#S1>* $172+ #1$-(=(+,+(2*/Q!!

!

aQ! 9GHG!+(00$'$.1/(0*(3(=, *+#(0H#$'1=2%=$*+' +(251231+249Y A/12%-81,+1,,81J!

3+$1$-(=(+,+(2*Q!!
!

TQ! "#$I=2%=*+' +(241231=$"+,(*1&'(),'81)$+,72-(+$//>=#1, IdAOA!  2/>==(* +$;!
A$'$(0*(3(=,+(1$-81,33$=+$.1781$-(=(+,+(2*!, /1 1&2//(7-$"'$/&2I$1+21,)$-(2' +$!
+H$!/+$//18'2125$.1781$-(=(+,+(2*Q!!

!
KQ! "#$! @_NB9U:?":?1 )$+#2.1 4./ 2&+()(/$.) 27+,(*(*0! &'2&$" '$/2->+ (24

TS+ASSHI+HBI&S,5/1=2"$/&2* (*01+21=$*+$--2/(.$/Q!!



bQ! "#$!/(0%,-1 (*+$*/(+8! 231 /+,*.' 1=2)&2>* 14, N TS++$1 (*1+  #$! X?2F!1*$0,+(1$!
)2.$H#$H (I+H#SIX2F1&2/(+(1$1)2.$Q!!
!
nQ! "#$! @ N69U:?":2U7,/$.! +,'0$+$.1 )$+,72-2)(=/! ,*,-8/(/! &$')(++3.! +#$ !
252+ +(241231010)$+,72-(+$/1 (*=->.(*01/>="2/$;1.(335'$*+19  YA/;IAA;I:AIAR;!
*1:RQ!
!
SQ! AN27/$'1$.! (*1+#$IC:H! *,-8/(/;]9GHG!, *.1:$iAl/(0*(3(=,+(1$ -81(*='$,/$.!
+HS1-$1$-/12319YA/ +1.,8In1, 3+$1$-(=(+,+(251=2) &, '$. 1+ 21 +#B1=2%+'2-1/,)&-$/Q!
!
JLQOS+ABSH+HSIS-(=(+2' 1 +HS!'S- +(1$!, 7>*. *=$1231)2/+1 2QY A/ $+$=+5.14,/!
2%-81/(0*(3(=,+(1$-81#(0#$1,3+$'1J11.,8/12319GHG!I$- (= (+, +(2+#$*: SIAQ!!
!
JIQOGHG! /(0*(3(=,+(1$-8! (*='$,/$.! -$1$-/1 231 AA;L:ALAR! *;1 :RI.>'(*0! +#$!
=2)&-$+3+()PU=2>"/$!=2)&,'$.1+21:$iAl *.1=2*+'2-1/ ) &-$/Q!!
!
JIQ@_ N69U:?2':?2! >*+,'0$+%$.1 )$+,72-2)(=/! [>00$/+$.! ¥ $-(=(+,+(2*U.  $'(1$.!
'$&'20',))(*0! $33%=+! 2*! +#$! /&$=(,-(/$.! )$+,72-(/)Q! _24%1%";! 9GHG !
=,>/$.1),V2'I=#,*0$/I (*1+#$1/&S$=(,-(/$.))$+,72-(/)!,3+$'1al.,8/Q!!

(33$'$%+1), $'QI

JaQt2-$=>-1 C$+42'5/1 $'(1$.! 3'2)! +#$! @NEIU_H:?":21 .+, [#243.1 +#, +!

&-.!



S* B +HHS! SU&S (VS +,-| =25, (+(25:) +#$! _H/1 23! &'# ()(*1+( | &'2.>=$!)2/+-8!
OYA/ N =$*+$--2/(.$/;1 =#,-=2*$/! * 1 +#$().$'(1,+(1$/Q!:2/+1231+#$  1)2.$--$.!
(25 N(*1+#SLCl, LSISLIS 7SS $/=" (7SI &HI(1+( QI9#$)(=,-1.(1$'/(+8)(/!
3,',4,8N2'$!1)&2'+ *+1+# *I+#,+1(/132>* 1 (*1+#3$!. ,+,7,/$/Q !

!
JTQG-$,* *$U+8&S$I=$*+$--2/(.$/14$'$!, 2+ +$.132'14+#S13(+1+()$!(*! &H#()!(*1+( Q!!
!

JKQIO2+# $-(=(+2'/1=2>- 1 (4 (7 (+! +#$1 2-$,* *SUT" *=# 231 i +$--2/(.$! &, +#4,8Q!

IGHG!=2>- |(*#(7 (+!+#$1&'2.>=+(2*123I=#,-=2*$/Q!
!

JOQIH$1&'2. >=+(2*1231>' *$U+8&$I=$*+$--2/(.$//$$)/1+217$1/>8$ '(2'1,*.1$,-($!
>* $'1IGHG! $-(=(+,+(2*Q! _2431%";! :$iA! =2>-1 =+(1,+$! +#$! &'2 .>=+(2*! 23!
IYA/I$, -($'1+#,*1I9GHGQ!!

!

INQI#$! Y$+#,%2-(=! $%+',=+(2* 4,/' [>33(=($*+! +2! $+$=+! +#$! N2 '$-$1,*+!

)$+,72-(+$/132>* 1 (*1+#$! HI23I&'#()!(*1+( Q!

&/



13)M+%&*V*

VT* M%&'M%1+#$%"™*

JQ! "HSIS/BI2BY+ . 1=2)82>* [1=2"$/82% (O1+ 217 2+#1>, *$UL, *12-$,* *$U
+8&P! =$*+$--2/(.$/! 4(--! =2*+'(7>+$! 42! 7T$++$'| $%&-2'$! +#$!,'$@s! 7$+4$5*!
+HPI$I+A2!7' *=#$/1231+#$!=$*+$--2/(.$!&,+#4,8Q!

!

IQ! "21&$'32)1:2U0>(.$.1(/2-,+(2*1231=$*+$--2/(.$/1,*,-20>$/1.  $+$=+$.I(*1+#$ICU
1=+ SN 421 $+E) (LHAS(1/+>=+>'$1>/(01:2°:21 * 1C:H/&$=+2/=2 &8N
21+ $/+14+#8)132'17(2-20(=,-!,=+(1(+($/Q!

!

kQ! "21 02! .$$&F'! (*! +#$! ,**2+,+(2*1 23! +#F! CUK! =->/+3$"1 *23/! D#$'$! &>+,+(13$-8!
2+ +8. /I T=#,-=2*$! *$+42'5FE! 78! 7 1 3 =H(2*,+(2%! K2+, +(2*%!
&'28,0,+(2% 12178 I+#BI>TISP>S*+1(/2-,+(2* ¥ J+'>=+>"$L.$+  $)(*,+(2*1231+#S!
)2-$=>-$/Q!!

!

aQ! "21* -8/$1+#$!1$%+',=+/178!d,/'9#'2),+20",&#8!:,//1?&$=+'2)$+'8!+21.$ +$=+!

1$/p>(+$' &$*S/1 *.1/+$'2-/1* 1+ 21/+> 8I+#$('1'$0>-,+(2*I1>* 'l $-(=(+,+(2*QM!
!

TQ! "218$'32), +()$U=2>/$1+' */="(&+2)(=/!,&&'2,=#!>/(*019GHG!,* .I$ iAl+2]

$%E&-2'$! +#P! $%&'$//(2*1 231 558! 0F*P/! ,*.1 +#$("1'2-$! (*] +#P!'$0>+(2*1 23! +#$!

=$F+$--2/( B * 1 2+HS 1+ (+$' &S S/1&, +#4,8Q!!

&.&!



&%0%&%"1%"™

JQU 6201 _2:1 24 %1 Al [*1 1851 OXQ! C2+$/! 2+ +#$! 2==>"$*=$! * |
J(0*(3(=,*=$! 23! +'(+$'&$*2(./! DI(+(=2/(.$! *.1'$- +$.1 =2)&2>*.  [E! *
=,33$28-p>(*(=!,=(/1(*1&,"* -( /&$=($/Q1?22>+#A3'(=,*iQI02+QLIINI]Tkw

sQ!

QI O'(*5#,>! O;l 6(**$1 1 2=H>&&* R;l _#1 XdQ! 9#$)(=,-;!
&#,"),=2-20(=, -, ¥ 1=-(*(=,-1&'23(-$123HHSIX [+HAI(NS.(=,-] & *+&,"™* - (#
O!(*1+( QIN#8+2)$.(=(*$Q!ILLL bDTE]albwanQ!!
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JbLQ! H,)P'$SWU:$' W!:;:M* . SWUAO>(-,TH;!_(.,-02U:,'+P*$WIR;![(- -,UH>*2IC;!
h$&$.,U[,--$V2! 6d;! [,--$V2U92*+'$' /I <:I  *# (-Q! X%&$'()$*+,-! ',=$/! 23!
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JbIQ! [(--,UH>*2IC;IH2/,/JUO,>+(/+,!A;IH(=2UA'W, +$!1X;19>WUCSW!Ir; 1h$&S$.,U
[,--$V2!6d;! 6,-,-$2! 6;! *# (-Q! ?2+>.8! 23! *>+'(+(2*,-! p>,-(+8! 23! &2)$0',*,+$!
D:"+#2.("(*:3  16QEIV>(=$!>/(*01J_IC:HU7,/$.1)$+,72-2)(=!,&&'2,=#]!Al
=2)&,'(/2*) 7$+4$$*] =2*1$*+(2* --8! *.1 2'0,*(=,--8! 0'24*! 3'>(+/Q!  64+Q!
ILILNJkaDJJLHEQ!

JbIQ! 9#$*2)%Q! 9#$*2)%! F*=! yl :$+,72-(+$! R(/=21$'8! *.| :$,/>'S)$*+!
ZF*+$"*$+eQIILILQ!

JbkQg()! _g;! 9#2(! r_;! [$'&22'+$! HQ! C:HU7,/$.!1 )$+,72-2)(=! ,*,-8/(/! 23!
&-,*+/Q!C,+Q!N'2+2=Q!ILIL"TDKE]TkKwaSQ!!

JbaQ!! 9#,)7$/1:9;!:,=-$,*10;!0>'5$!H;!A)2.$('R;!H>.$"),*IR6;!C$ >),**|
2,1 *#(-QIAI="2//U&-,+32")1+22-5(+132'),//V&$=+'2)$+'8,*.1&'2+$2)(=/Q!C,+Q!
O(2+$=#*2-Q!ILII"KLDJILE]SInwILQ!!
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JbKQ! h#,2! ;! h$*0! h;! 9#$*I A;1 6>1];1 h#,219;! _>19;! K (-Q! 92)&'$#$*/(1$!
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7,/$.1)2-$=>-"1&'23(-$!.,+,Q!0:9!10(2(*32"),+(=/Q!ILILNIIDIE]KSTQ !!
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61, *#(-QIR$'$&-(=,+(2*1231)(='27(,-))$+,72-(+$/1+#2>041..+,7,I$1/$, '=#123!
),/11&$=+",Q!C,+Q!92))>*Q!ILIN"SDIE]aLKTQ!

InIQ! G*21g:IR$)=#,5!0:IF.$5$'"Q198+2/=,&$!+22-/132'1+#$14$7!, 0$]'RKQV/! *.1
98+2/=,&3QV/1$%8&2'+$'/Q!<ILLLHS$/$, =#Q!ILIa kD JakEQ!

INkQU [2--1 621 h#t 0L ! _$/$! 1 :'=$-(*1 X;! (-1 90;! O$,+$! C(-19: *# (-Q!
$+,72-2) (=14 *. 1) DS+ T2-(21)2.$- (K01 321 /8*+H#$+(=17(2 -208! (*!
& *+IQULITAKQ!

JnaQ!l g()! G @)! r;i(*:6;1 g()!i@;! _$0$7,+#! R;! O>/+,1 6;! H# (-QI Al *21$-!

)>-+(3>*=+(2*,-! QUIK! G%(.,/$;! 9rNbJaxJS;! (/! (*12-1$.! (*! J(,+(=2 /(.9
7(2/8*+#$/(/QIN-,*+19%--IN#8/(2-Q!ILIN"TSDKE]JILLWIKQ!

InTQ! g()!_g;!19#2(Ir_;/[$'&22'+$!HQ!IC:HU7,/$.1&-, *+)$+,72-2)(=/] I#$'$!.2!
A+ > 14A#$'$!.214$102t1"$*. /10 (2+$=#*2-Q!ILIINSDKE]IKb ~ wbTQ!
JNKQ! 2,-$):A;IR$!?2>W,I6N;!?$' 0! A;I<$*($!AH;!<,',0LA I XWW, +1?2:0 *#(-Q!

$+,72-2)(=/! (*! +#$! =2*+3%+! 23! &-F+! * +>' -1 &'2.>5=+/1 '$/$,'=#]! < '2)!
1)&-$'&'$&," +(2*14+21)$+,72-(+$!,*,-8/(/Q1:$+,72-(+$/Q!ILILA  JLDIE]IwkLQ!

JnbQ!'N,+$-! :g;! N,*.$8! 2;1 g>),"1 ;! ,p>$! :F;! N,-! 2;!r,., 1! C?Q! N-,*+/!
)$+,72-2)$!/+>.8]IX)$'0(*01+22-/1, * 1+$=#*(p>$/QIN- *+/Q!ILIINI  LDJIJE]Iw
laQ!!

JnnQ!9,$/,'1 6g;! :2*+,/$'1 H;! g$--$'! CN;! g$--$#$'| C6Q! :$+,72-2)(=/! x|

0$*2)(=/1 (F1*,+>' -1&'2. >=+1'$/$,'=#]! =2)&-$)$*+,'81+22-/132'1+,0$+(  *O!
*$AI=H$)(=,-1$+(+($/Q!C,+QIN'2.QIH$&Q!ILIIQ!

INSQI G*2ICC:1"(,*16QI"H$!)>-+(&-(=(+81231#, (‘81" 22+ =S$N'2-(3(=1&2//(7(-(+($/Q!
[2-Q1INL;IN- *+12=($*=$Q!ILIIQ!&Q!akSwaKQ!!

ISLQU ,-$'1:12,'5,12;1i#, 12QIX-(=(+,+(2*|AI7(2+$=#*2-20(=,- 1+22-132'1$*#,*=$.!
&'2.>=+(251231/$=2%.'81)$+,72-(+$/1 (* #,('81'22+! =>-+>'$/Q! X*0Q! 6(3$! ?=(Q!
ILISAISDJIEINNLWSTQ!

JSIQUG*'>7(,! :;1:28,%21 X;1 O2*3(--! 11 9>/(.B H:;! d22//$*/1 A;I N, - \WB* Q!
92'2% +(*$:1,1)2'$! &24$'3>-1 $-(=(+2'1 32'1 (*.>=(*0! +,%,*$! 7(2 /8*+#$/(/! (*!
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ILIK*IKDaE] TkSwabQ!!

JSKQUX'7! 21 g-($7$4/+$(*! RIQ! N-,*+1 2$=2* '8l :$+,72-(+$/! /! R$3$  */$/;!
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JSbQ!9,%/,'! 6g;! g$--200! ii;! g1,-#$()! G:;! 9%=#! COQ! G&&2'+>*(+($/!  ,*.!
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N-,*+10(2-Q!ILLn*n]IwISQ!

ILLQ! :$* 2W,IR;IA'(,/lIN;19> /&> .1G;I X/+>' >UX/=23%+!C;! $*f*.$W UX/&(*2!
99;1.$!2*1:(0>$-1 XH;!  *#(-Q!J_UC:HU7,/$.1)$+,72-2)(=! 23! &-,*+! =$--!
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ILISMDJIEQ!

ILIQ! [[/=2*/>%$-2! A;! O2-*.I HQ! :2-$=>-"1 ,/&$=+/! 23! +#$! $,-8! /+, 0$/! 23!
$-(=(+,+(2*1231/$=2*.,'81)$+,72-(+$/! (*! &-,*+/Q!N-,*+!2=(Q! ILbAIbIDTE]nKIw
bTQ!

ILKQ!!' H,)2/UH>(W!H;!:'+(*$WI<;1g*, >3UO0$(+$'1dQ!"#$!$33$=+/!ABIOA! (*| &-,*+/Q!

ILaQ!! 6(16;!R2>1C;1h#,*0!_;11>19Q1"#$!1$,+(-$!dAOAI(  *1&- *+/QIN-,*+12(0*,-Q!
O$#,1Q!ILIJNIKDKEQ!!
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N-,*+12=(Q!ILIK bDJILalE[IwITQ!!

ILKQ! <-2'$/U? *=#SWIFi:|[$'&22'+$IHQIN- *+IN2-85$+(.$128*+#,/1$/]1 A8, /=(*,+(*O!
0'2>&!1231$*W8)$/Q!IN-, *+IN#8/(2-Q!0(2=#$)Q!ILLS abDKE]JKbwbaQ!!
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IILQUIC+$ d:! "2..1 9R;! "21,+21 ;I <2-*(1 d:! <>*=5! RQ! N#8/( 2-20(=,-!
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ILITAKDTkaE}dwJaQ!!
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(/2-,+$.14+#8- 52(./QIN#8/(2-Q!IN-,*+Q!ILIINIbIDIE]bwInQ!!
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1J1Q! 9#$*1h; 1<, *0lj;Ir>, *j:1h#, *0Ir;16(1_;1h#2>1r;! FH(-QIG1$'$%&'$//(2*123!
+ 5= (&+(25] 3,242 0)+0,JT! $*#,*=$/! 2508+ +2-$' *=$! (| +'*/0  $*(=!
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0(2)$.Q!A*,-Q!ILISAIbIJIIKwknQ!!

1IJaQ!! 285524/5,U0," *$5! g;! N(-,'$5! :;! 02*3(--! ! g,3%-! g;! N($+2/(>5! AQ!
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7(2/8*+#$I(/\(*) 1* Y5 HF:3"(*( ¥ [*Y%5(HF,--(E%™( #,('8!22+1=>-+>'$/Q!
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H$*+$'(,;l FQM H,)P'SWU9,7'$',;l :QAQM H,)(SWUX/+,..; gQ! N-,*+1 2$=2* '8
S+, 72-(+$/1,0,(/+25(*IN#2+2.,), 08]1:$%(=, *IN- *+/;L IN2+$*+(,  -122>'=$123]
@[UH,.(+(2*  N2+$=+*+  2-$=>$/Q! N-*+! ILII;I JJ;!  IILQ!
#++&1].2(Q2'0 ILQKKSL 1&-,*+/JILILIIL!

|

[~ SWUA'$--*$/! AQ6QN A-=WU:,.'(0,-1 gQjQ~! d,'=(,UO,$W,! AQM
H,)(SWUX/+,.,1gQI X3$=+2/1*$>'2&'2+$=+2'$/! .$!)2-M=>- 1& 21 (*($*+$/1.$ !
L%-(":34#-14965,.)1+:3# 8I/>1&2+$*=(,-I>/21$*]-, 1&'$1$*=(BHI8I+' +,)($*+2L.$!- /1

$*3%)3.,.$/1*$>'2.30%*',+(1,/Q'HI<O!ILIL;'k;!laQ!!
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ATTESTATION DES FORMATIONS SUIVIES Mardi 06 septembre
2022

Doctorant(e) *

. Etablissement : UniversitZ de Nantes
 Ecole Doctorale : fcole doctorale Sciences de La Mer et du Littoral

Total du nombre dOheures comptabilisZes  : 108:00

Total autres modes de comptabilisations Zventuels
a suivi les formations ci-dessous :
CatZgorie : fthique et intZgritZ scientifique

Nombre dOheures comptabilisZes dans la catZgorie  : 15:00

Autres mode de comptabilisation Zventuel

Sous-catZgorie de | IntitulZ de la formation ou IntitulZ Session ou AnnZe Comptabilisation
; 5 demande L Type
formation Zquivalence > civile (heures et autres)
d'Zquivalence
Research Integrity .
Lyon ou Bordeaux ou in Scientific 2021 15:00 Equivalence
autre '
Professions
CatZgorie : Expertise et mZthodes scientifique et technique
Nombre dOheures comptabilisZes dans la catZgorie  : 41:00
Autres mode de comptabilisation Zventuel
Sous-catZgorie de IntitulZ de la IntitulZ Session ou AnnZe Comptabilisation
! formation ou - L Type
formation 5 demande d'Zquivalence civile (heures et autres)
Zquivalence
TZcnicas para la mejora
de la Investigaci—n.
Programa de formaci—n
para j—venes
sur dZcision ED Invgstlgadores de la 2021 16:00 Equivalence
Universidad de
Barcelona . Institut de
Desenvolupament
Profesional de la
Universitat de Barcelona
5 AQuZ hacer despuZs del 05:00
sur dZcision ED | doctorado? TZcnicas 2021 ’ Equivalence

fcole des Docteurs Bretagne Loire

1 PLACE PAUL-RICOEUR

35044 Rennes
ecole-des-docteurs@doctorat-bretagneloire.fr
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!
M#$0)#>N#&O# A 7P>1K3>EH-&(I5& HE*/*5)0-1*GIQ#)$H-1-8-R&+-)*+108/'8$&-*G!
28+ &IIH #-)H) 0! '$EH & (1 S)'Q! 5&'Q./ TH-5*+#'&) #+( 1 0*$*+#)+&9[&)%* 9! M&+<N)*!
<:<<QIU#IN#8//&HIV$#+0&H!<:<<9!
[
M#$0)#>NH#&O#! A9l M$&E&+! E)*GHO*$)&-! G*$! 'Q&! R (D) 0&+&//*-)(&-9!+'"-
V1%, %H#8&] 9IW3, XKAI?*+GE&S$&+0&I<:<TIY#/&+0)H#HIXRH)+HI<:<79!
[
M#SO0)#>N#&OH! AGH! A/OH/(8&>A/2)' &1 KOAOH! WH/HOH(EMHEBFH! 3#5)$8.0>[-'$#(#! 39!
K&HE*/*5)0-1(8$)28&(1)+-)%Q'-)+* ' QE&IS&Y6S/H' )+ H(10%+'$*/1*G10&+&//*-) (&-1)+IQ#)$.!
SHHIXGI 28 &I H-)H)OHOW' "= ¥)¥/% Yott&] Q1 TI'Ql + &S+ +#/1 2+%6$&--1 K&\) Of+!
X*0)&'*GINY*&0Q+*/*%.912)8(#(!(&!K&\)0*HIK&\)0*a<:<79!
I 7-IR/HO&IHSHS(!
!
M#SO0)#>N#&OH! AGH! A/OH/(8&>A/2)' &1 KOAOH! WH/HO*(E&MHEBFH! 3#5)$8.0>[-'$#(#! 39!
K&'HE*/*5)0-1(8$)28&(1)+-)%Q"-)+*I' Q&IS&Y6S/H' )+ H(10%+'$*/1*GI0&+&//*-) (&-1)+IQ#)$.!
FHH-IGIP& &I ) OHOE) Vo™= *)*1% Yott&]  OI<+(IY)$'BH#/17*+GES&+0&IUH)+]?2Q&59)!
2)8(#(!(&!K&\)0*HIK&\)0*9!<:<7!

=$(IR/HO&IHSHS(!
!
MH#SO0)#>N#&OH! AGH! A/OH/(8&>A/2)' &1 KOAOH! WH/HO*(EMHEBFH! 3#5)$8.0>[-'$#(#! 39!
+(B0)*+*GI#! E)*5#t--] R$*(80&$! Q#)$.1 $**'1 -8-R&+-)*+1 08/'8$&! *G1 2&+'&//#1#-)#') 0#9)!
(8)%*'- %)*1%,%#&I OVY,, 1#)*+#/1 X 5R*-)85!*G! WQ#S$5#9! A+ (! N)*58(9! X0)&+0&-H!
A+)28$-)(H(IA8'_+*5#1(8&11882*IU& +HIK*+'&$$&.14K&)) 0*69!<:<:!
| <+(IRIHO&IHSHS(!
!
M#SO0)#>N#&OH! AGH! A/OH/(8&>A/2)' &1 KOAOH! WH/HO*(EMHEBFH! 3#5)$8.0>[-'$#(#! 39!
+(B0)*+*GI#! E)*5¢t--] R$*(80&$! Q#)$.1 $**'1 -8-R&+-)*+1 08/'8$&! *G1 2&+'&//#1#-)#') 0#9)!
W8Sl RS&-EHH)HO! +"-  *)%/0 0%6#&I O  +&SHEYV+H  P*+%$&-  *Gl
1H+*E)*8+%6)+&&$)+ 291K +'&$$&.14K&\)0*6914:<:

k|
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&, --(HOH+( !
!
<($-.1231/+>.8]IN#,"),=8!
|

O(20', &#8]1021 (10, '=$-2* 128, (M +#$11]  S231A&(-1231ISST:1/2+1231 A%+2%(2!
d,'=(,!,*.1d,7'($-,!0,$W,!

I

X.>=,+(25]10,=#$-2'c/l.$0'$$! (1 O(2+$=#*2-208!, +1+#$! @*(1$//(+81210,'=$-2*,!
(1ILIbQ!:, [+$'c/L.SOSS! (I HS/S, '=#; R$1$-28)$*+1 *.192%+2-1 231IR">0/!
+HHHSI@*(1$1(+812310,'=$-2*,I(*ILINQ!
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