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p-coumaroyl-CoA . -
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OH 0]

R; =H, R, = Glucose, Vitexin

R; = Xylose, R, = Glucose, Vicenin-1
R; = Glucose, R, = Glucose, Vicenin-2

, VAICCIIIL

C-glycosylflavones <LS » jand a5lLe S ) -4 -

N L S e RO PYL TSR P VE AW RS SER O WU Y LY BRI
SN ol AL #1...«(glycosylation) ol S cws (methylation) <YunsS s )bl s
('-LMBSEI 558 5 83902 OS5 WKL prenylation ¢sulfation «C-glycosylation S s f'j Ol s Hla
(s  UaoW) BE (3 U o ad) ods i o5 5 [S] Sl O e dnns

AL O dall o -6 ISl v g0 J 5 3D 5 0 3O s S S 2850 e lid) ol
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p-coumaroyl-CoA + 3 x Malonyl-CoA OH
i gy

OH 5
H
o o O CHS / CHR STS O
O | CHS OH
HO OH O OH
: N L e
O OH AS mCHOOH

CHI
HO o OH
O CHI OH OH
HO o @ H o O
° (a1c

HO

CHS : Chalcone synthase F3H: Flavanone hydroxylase F3',5'H : Flavonoid-3',5"-hydroxylase
CHR: Chalcone reductase FNS: Flavone synthase DFR: Dihydroflavonol-4-reductase
CHI: Chalcone isomerase IFS: Isoflavone synthase ANS : Anthocyanidin synthase

STS : Stilbene synthase FLS: Flavonol synthase ANR: Anthocyanidin reductase

AS : Aureusidin synthase F3'H : Flavonoid-3'-hydroxylase 3GT: Flavonoid-3-glycosyltransferase

[S] L @ g 3D Ll Lol (g gk ¢ LlaoW) Loz -5 - (K
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AN AW =

OH, 6 O

UDP-Gl
‘N OCHs
UDP OH

Glc-O I 0)

8 OH O
UDP-Glc T» UDP-Apiose
co2 9 OCHj
UDP
Apiose-Gle-
OH O
Malonyl-CoA
CoASH
Apiose-Glc-O

|
Malonyl

OH O
Chrysoeriol-7-0-(malonyl)-glucoside

: Chalcone isomerase

: Flavonoid 3-hydroxylase
: Flavonoid oxydase

: Flavonoid 3'-hydroxylase
: S-adenosyl-L-methionine: flavonoid 3'-O-methyltransferase
: UDP-glucose: flavonoid 7-O-glucosyltransferase

10| 2 Malonyl-CoA
11/>2 CoASH
o)

OH O Malonyl

Isorhamnetin-3,7-di-O-(malonyl)-glucoside

7 : UDP-glucose: flavonoid 3-O-glucosyltransferase

8 : UDP-Apiose / UDP-xylose synthase

9 : UDP-Apiose: flavone7-O-glucoside 2"-O-apiosetransferase

10 : Malonyl-CoA: flavonoid 7-O-glycosidemalonyltransferase
11 : Malonyl-CoA: flavonoid 3-O-glycosidemalonyltransferase

[8] J5 Ol 5 0 O il S 5K 285V SAeLid) s o g0 (6 sl ¢ LoVl ol -6~ S
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il sad ¢ it ol by Sz % (HOACIS%) Sb »T code o J0V1 e (63 5o S8
odn w3l go i) 85 1ndW mleat Lils BlaxaVU ol odiy 8, mles e de 50 o)
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H,O Glycosides

HOAc 5% Polyglycosides

HOAc 15% Glycosides (mon-, di-, tri-)
HOAc 50% Aglycones

wn g ganll sl famzay ¥
[9] 48, 1 L & ile s S (3 dlanzed) lydd) Lo 232 g

:(Column chromatography) 3 seal! L3! & gleg S -2-5-1

58S Aaal ) SVl e i) pisnn y palsldl e 8 ST BST Lad (3 dsidl ol Lo ses Jemiud
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Flavonol-tri-O- glycoside
Flavone-C-glycoside
Flavone-Cf0-glycoside

\

T

... Flavone-tri-O-glycoside
Flavonol-3-0-diglyeoside
T
Flavone-di-O-glycogide
Flavonol-3-0O-monglycoside Flavonol-7-0-diglydoside
\ Flavone-O-monoglycoside
Flavonol-7-O-thonoglycoside

A glyeones:
Flavone, Flawonol Tz all
. D1 (BAWY

[91Whatman® 3,5 e J 5 #OU) 5 0 M LS o 558 G -7 S8

(U Sy oy Sl 2kl Sl 3 e Alomtons Gzals 531 il (Polyamide) e

oo d g J Sl @ R s e el J Sl g Rl UL dlensad |8 als L2k
bad) o28) 25 /1 394> (3 dhaxied) Polyamide S 1| el 2.8 op ded) 05 (il
.(Polyamide 3Ls o ol 225 1Y e Jlaszal a3l jalsies o Aol al 8

Sl S e b S b e LSs y (Cellulose)  shlond! 358 Gasls 530S Ll Lot
(38 A L8 il s S e il lin) am o8 Lgiamy by ) S ¢ 15 il Joady LS

oSN Ny aladll Aias ol S & ode 055 s (Silica gel) > Kbt 35Le Liagl Loz
Sl S o o Bl sl e Lgidas £ 03] o gadl Ol 5 S ~ Lzl Wlaszos!
[(50/ 1) > Silica gel &S ) [absid) 208 oy Gl 0585 ccald) ) shalls § 5 Goals

BE 3 dlexzel Lady S 38 394 olalsaldl Lab (3 (Sephadex LH20) 5L fanius LS
LI [9] oS4 aded (Lt Jske o ol el pusny @ saill ST L) 2 fadll wles
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FIEARURTII oLl s & Joazas

Cellulose MeOH:H20 (95:5) — H,;0 Flavonoides
H,O — HOAc15% Glycosides

Polyamide H,O — MeOH Glycosides
CH;Cl:MeOH — MeOH Glycosides
Toluene — MeOH Flavonoides

Sephadex LH20 MeOH Aglycones

MeOH — MeOH:H,0 (7:3) Glycosides

> gandl Ll 2 gile g ST (3 szl LA o 4] i

S 4aid) oda Jesz.d :(Thin-layer chromatography) i&3 i ddkl) L3l & gl S -3-5-1

3 il ol dazed (i) (3 ds e g Jalirad) o alls S ey WL en ol O Lab
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L et aad) e LS Ml Sl 2 dmlis -

.(Co-chromatography) Jal s 55 & oS A Je 3 i -

REZICERVIPY S W BT

Baalldl SVl 2 U ST fad) WS o) (3 Ll 2280 a8l U312 5ley ST fenses
.[9] cellulose, polyamide, silica gel : & Ylonz! & fy\

Joio el g sUL Laks o @) (20x200m) slul o5 Bl #I Aeds jasls
Lok 28l dasladl 5150 e (0.25mm) )kl sle 0550 &t Bs J 5l 1 020
:(Cellulose)  shdeud! (T

G Fom £ o3 and sk ol Ly LAl W e (T0mI) e skked) 58 e (209) £ £
(B-J ) 28, 0 L8 ey SU ol lalall o Lgne faxis 5 [9] Bl ) 15031
:(Polyamide) Aol Sdaze (<

Sa LS A A e g5 # JSY e (55mI) pe Y1 sdme S0 e (10g) £
814 o g5y 5 Jlll 3 alie ahlodl e (15g) e L) sdeze e (85g) £ 56 Lapad
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SNy Sl U S
H,0:MeOH:MeCOEt: Acetylacetone (13:3:3:1) Toluene:MeCOEt:MeOH (4:3:3)
H,0:EtOH:MeCOEt: Acetylacetone (60:15:15:5)  Toluene:MeCOEt:MeOH (60:25:15)
H,O:BuOH:Acetone:HOAc (16:2:2:1) Toluene:Petrol:MeCOEt:MeOH (60:26:7:7)*
MeOH:HOACc:H,0 (90:5:5) // (30:60:5:5)*
Toluene:MeOH:MeCOEt: Acetylacetone (40:30:20:10)

* Petrol ether (100-140 C°)
Polyamide-t.l.c. & <lig oMl Lad) alamndl olyddl Ja -5- gi

:(Silica gel) Jor kel (z

e b g 5 FB b 2 g kil W e (60m) xe o KLl 508 e (30g) £ £
cans Alanzdl bl Lo e an Jaw -6-J g 5 2 1 A1

2 S LS il Bgb axsY) 7 leas Bl ib 2N i o Jadad) e aa
(6 sl S ST AL a1 2T U 1

S Sl O Sy
BuOH:HOACc:H,0 (65:15:2,5) CHCI5:MeOH (15:1) — (3:1)
BuOH:HOACc:H,O (3:1:1) EtOAc:CHCIl; (60:40)
EtOAc:MeOH:H,0 (50:3:10) Toluene:CHCl;:MeCOEt (8:5:7)
EtOAc:MeOH:HCOOH:H,0 (50:2:3:6) Toluene:EtOAc:HCOOH (10:4:1)
EtOAc:HCOOH:H,O (9:1:1) EtOAc:pyridine:H,O:MeOH (80:20:10:5)

EtOAc:HCOOH:H,O (6:1:1)
CHCl5:MeOH:H,0 (40:10:1)
CHCl5:MeOH:H,0 (65:45:12)

Silica gel-t.L.c. e ol sl Lad) deard) olydll o -6-J s

{(HPLC) 3SJ) e dbiludt W1 & gle 5 UV -4-5-1

Lrs Jorion oS 3 gadll Wl 5ley 7 e 8 ke Lulal 2 5 [6] (oS 5 ASI) Jondl (3 oz
LTy bolal 5 WK @ anibame (o) k) AU 055 ot Alle B ¢ sian 3500
Som b e famid o L) 85l L (a0 STg s S e day L o S O e Ylensa
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b S e (W) a2 ) O5Se g 342 el BBy 6 paie e HyO/Acetonitril s HyO/MeOH
igme Gy b (3 STl 550 0315 31 5y S s seal) e 3l O L)
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(9-JK2) Lz (iSI) Laxzay 1A (0rtho)

"
O0—pB

o
\
OH 0
HO. o O
H;BO; / NaOAc O |

OH O

H3BO; / NaOAc 3 s 5 [JSCaal) saall i -9- |

OH

\

U ol ol U e AICK pasee sV 55087 0 CAICHHCT b 5 AICK b (47
ol pb a0 5 b lidae (C4) JonS 3552 5 C5 5/ 5 C3 & JouS 5 00
(HCI) sW) j5lS™ aa BLa) ey Mis 5 oS5 bl S 5550 e sazt b ol ol 301

oPlan¥l Gk Loy (Rl zé y aul) i) JS7 50 e AICH 5 5 5 ST al) planall il
(10- sy Lass anle) izl 13U i (AICH + HCI) 55 9 3
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9Ib, Ta 2 Ay od )| 0 S WL = STy B )l oS ) (AICT; + HCD) Cib 055%
Ila, Ia Oliaal OB 3,5-dihydroxyflavone s 3-hydroxyflavone <S » > (3 -SJ 4 IIb, Ila

.(shoulder) Lz |Kiy b gas Ol glas

Cl

Cob g dns Cyl Ldne
HCl %Ls) dny o 13 AICT; 5 4 s g coldl 8 5 ol dial) 210 - S

Lere Joladl g U] Lle (ool S0 Y st ol (i el il odia d B Y OF (g T a7 1
oo B ol B Gl e 9-J 5 5 oS el eI Rl e O all oYY U e
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(nm) &>y

e I &Laal I iLant el

Flavones 304-350 MeOH

Flavonols (3-OR) 330-360

Flavonols (3-OH) 352-385

4’-OH i sl sl 3 83k ae 60-40+ s NaOH
3-0H,4-0R i olab a 65-45+

LAyl

3,4-d-oH Gl 2
33 4wi-oH Gl
3345tetaOH

7-OH 320-335 NM oy s 43

7-OH 20-5+ . NaOAc
"7-OH, 6-R/8-R (R=CH;, R i)

OCHs3)
'5,6,7-ti-OH ekl
S, 7, 8wi-OH .

3, 3, 4’-tri-OH Chall g e UE

3, 4’-OH, 3’-OMe

B e oSy ks S 36-12+ NaOAc + H;BOs;
e S S 0 10-5+

(8 <7) 41 (7 «6)A

3-OH & oo sins 0555 60+ AlCl;
5-0Hp b i o5 5535+
3,5-di-OoH 60-50+ =
5,6-di-OH; 0

5-OH, 3, 6-di-OMe

B s oSy pde S 5 AICl5 —; %,k 40-30 - AICl; + HCI

B ald s tri-OH AICl; — % k. 20-

5-OH, 6-OH " MeOH _ © . 30-25+

5-OH, 6-OMe " MeOH _ © i 20+
'5-0H,8-OMe "MeOH _ & i 57-55+

.12 (Flavonol-3-OR ; Flavones) <SS » al> 3 *
o UL ST Gl o el Bl A e a5 s 251y S Sl 2l s OV () 5 () 0Ly
2 e SN el Gl Al

sl S il e J g5 O g O A i) B 58 Bxa V) OULLT Sl 15 Ol ks 5 aSlas -9 g
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H-NMR O 83 ) gebliddl (59531 03 1 ddlkae -3-2

9] ke Gl ol 33l A4S ol (3 'H-NMR il forzns

.C,B, A ol 1S a5 -

Mo Al ) g 55 O SV g 1)l Sl sas 5 65 -

SN B RS Sl se) e L g S il Dlesast sis g 055e -

Pratl g Ladl Al U e 5 CDCls, CD30D oladll e el s 33l e Laxtes
DMSO-dg 5,L5] gk (b Sl Y1 o dlanzl S0 LS DMSO-dg 52 &by 5 5SSl 351 e
o By g N LS ) HNMR Cib 3 Usts b e alasid oS JUL 5 2.49ppm e
Sl Ls” 2l Gb ) gl Loy W) b o ST g el By gnal o 4B (%190)
G el by e 226 [12] 3000 Las I Sl o jLsf jan Jass 3.5ppm s 85Ls] an
L e ol s Jlenzal Bl (3 S 59l S )La] ¢ 595 Bl dlanzal i W ol o Lpaase
Al 5 N1 U g 41 -1-3-2

AL OBy -

=l & s Ho 2wl (6.16-6.25ppm) =l 3 J 5 )l 5 0 30l dll> (3 A 2ald) (3555 0 e

S5 B i O oS 50t a5 o S of oS 520 5 40 5 (H8— 2l (6.39-6.56ppm)
L H8—J &y (6.71-6.93ppm) is s H6— andly (6.33-6.48ppm) il Jl 2 il
HE, H6 (W] 7 U5l 3 8 S S5 C-5 oS g8 Lo o S gl JeuS g0 5 9

Jos sl 2N 05y 3] sl s S Y C8 ol C-6 05 S s e i
T aab ol ) sl od Cllan 5 0 Al G HB O )] o 6L

B ddH Sl gy g -

B addl 3 w¥aadlsae Je # LW o3 s 5 5 (6.80-8.10ppm) J 3 B aald) WUy ek
Caald) ST a5

JST 0B aalll A 01y sl e 5 (HS”, H3Y) 5 (HE”, H2') ©U s ool U B 2l :4°-0H d\~
JB (3 (HS, H3) 7 350 5,La) 055 «(J=8-9Hz) &L 5,La] Jam U gl oda o 45

G b e (7.79-8.10ppm) e (H6’, H2') 753! 3L} Ji= e el (6.90-6.96ppm)
O Al (3 gyl ol #5003 Jamy -10-J g 5 Caddl (o azalll 5 2dl 5 C47 Jizes
gl
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H2’, H6’ H3’, HY’ s S
7.89-796 6.90-696 Flavone
779 -8.10 6.92-6.95 Flavonol

¥ 431 B aid) ol g5 Z L o -10-J g

(J=8.5, 2.5Hz) &5l -a5L5 5,LalS HE ,ela o Uy, W U B @b : 3°,4°-di-OH d\>
JU1 & (J=2.5Hz) 515 5 )LalS H2' gl L (7.65-7.20ppm) J\S (3 H2' y HS® me 4idl j i
JB 3 (J=8.5Hz) s’ ghas HS” &,Ls] Ll (HE 5 )La) an WLe Jlas UL 5 (7.60-7.2ppm)
.(6.83-6.93ppm)
aalT 5,18 Ol gl 5 0B HO', H2' (5 5y » U B aadl Al oda (30 3%, 4%, 5-tri-OH &\~
.6.98ppm Lis
— 15 para 3 ortho U5 g5l sl OB NS g0 dl doly LS i e e b5 Al (3
3,LY 0.2, 0.1, 0.3ppm s 7L 5¥1 o 0S8 S byl Al 3 Wl i iz ) (0.15ppm)
W e para g meta cortho g3 5\ O 5 5
DUy, o cns BU A C3 Bl Gl ) S el (ool S sy 0B 2 g 0
3555z LY (0.2-0.25ppm) Gn sl Bus 05 4 Gl N S sy Al & Ly B Al
el U £ HE', H’
:C A O gz
AL gy ol abie 3 S5 9B, A ol e 535U oVasl L HB 5 L) Ty
SN U g 1 -2-3-2
Sl b g 1 -1-2-3-2

LSt Bl Sty S
AV Sl b5y ik or il Jlt (33)08) @ Sl el o1 (6 n 51 055 )0 amy
STLS (1-d gl Sedldneb 5 01 5 Sl cp e 5T B adad) I g 5 (3) 0 3Y1 ol W sas
Ol bl @isn 5 Sl dnab o Slislan o SN Gl 3 HALY 5L L) ded
HIV G s 0590l L8] il s Dt 00 7 513 0 slly Sl B3y 50 500 0S5
.(3-4ppm) aiaill 3 Sl U gy ady axf lary ¢12-J sdd) s
A 5] Jaws o)l (HE”) ) & sa 5,L5) JM s (thamnose) sl )l S e O adl Sa
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C-3 — bl Wl 88 O SV Sl ) Lol wdse e SLaSd) gy 5 B ks (J=6H2)
(1.04-1.21ppm) o b C-7 — bl )l = (3 Lz (0.72-0.86ppm) o el Ll 3L 0L
Ll 6 Y1 05501 OB 8-C-glucosides 51 6-C-glucosides ¢ ) o Sl sSeloml) Bl
v B A B o ) Ls ot gy eed) SOV o2 (4.58-4.90ppm) aikad) (3 ax
oSk e fed Wb 6,8-di-C-glycosides 3 8-C-glycosides <\LS 4 (3 8 &2 8 S 3B aad
(H2’, HE') o sl 4 B aild) b gy ol ls) Casliar (3 U5 sz 5 [12] (rotamers) & 93
Bl S (s VI 051 55L8]

Furanoside, ] (Hz) Pyranoside, J (Hz) S

0-2 7-8 B-glucose, galactose, xylose
4-4.5 3-4 a-glucose, galactose, xylose
- 1 B-rhamnose

- 2 a-rhamnose

4 2.5 [-arabinose

1 8 a-arabinose

b Sl Gl (1) OB ol o3 -1 s

L] gl r sy Lgabae OB Sl S g s (i) s (acy]) Jeol B pest 5y s
o3 Sbgs 2Lpl 5 (0.5-1.6ppm) w o) MaS aisl Jlg o2 s Ly U 0 SU18)3 0555,
el e 25,1 0, ST

H1”*, & (ppm) S
5.35-5.56 3-0O-glucoside
4.9-5.25 7-0O-glucoside
4.96-5.36 3-O-rhamnoside
5.22-5.75 7-O-rhamnoside
5.48 3-O-glucuronide
5.10-5.18 7-O-glucuronide

aslad) b Sl (5 5V 0 g Jobamal S Jam —12-J 5

LSt L3 oty S -
Lo 1) LW Sdd (s 51 055 ) OB S 05800 0y S e (6 Sl s 540 057 W
(oW Sl Lo by Sl Sl o sV 059 e ainl Jl2 3 st (063G 680
ool I @ e e Y1 05 OB Coglycoside ¢ 53 e LY S 0K Le (S
S g Sl Sl 058 e (3 IS a5l eyl 4 S5 Sl Sl (s 53 050
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IV Sl s sV 0 gdl Jit e il Qg 3 st (s e 531 O 579 401 OB apiofuranoside
O SYG Ls l

4 (rthamnoglucoside) U8 S el ) u})i S8 S e 05K s Sl g ) 0T 13
JSeh  rutinosides — <2 ally  (1—6)rhamnoglucoside K&l oy eedl  S&
O5l a,Lay @LNQ\ sV o+ neohesperidosides— <4+l 4 (I—2)rhamnoglucoside
S 5 sl ) (6 S (6 e Y

e 44ppm 5 5.3ppm die Ol el sl Iy 5 sSloll (5 e sV 050 ) (15Lal 0B LY A e
W (3 Ll s ol a3 e Sppm s 5.7ppm e O el 3l B 3 Ly L1
.[12] (1—6) rhamnogalactosides s (1—2) rhamnogalactosides s» (5 Sl ¢ ;41 0587

16 A il O o DU gy 2-2-3-2

3 Rasde L L5 OF S ) ALl e pol 23 oS Z LS o3 OB s
13- g

Jobendl A(ppm)

5-OH 12- 13*
OCH; 3.75-3.95
CO,CH; 3.65
C-CHj Flavone: 2.0-2.31
Flavonol: 6-C-CHj3 (2.0-2.1), 8-C-CHj3 (2.2-2.3)
OCH,O 5.67-6.15

< DMSO-dg wode Jlasza @l %) el
DMSO-ds w2l 3 alaS) Ole gadkl am Sl gy ZUs! o 13- g
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BC-NMR O g SU  publiall 6531 o5 31 idldas -4-2

9] o 2wl ol ol A L=l (3 PC-NMR slles farzus

S 30 St sas(l

OSSNy S ke N6 5 (2

Sl e ol Sl B (3 lagaany o S LSl 1 e (3

S g ) (acyl) Joe V) ks pest dab 5 o300 (4

DEPT & )& Jlemiul ks 05 S )3 ok (5

e (3 Lewld & N [9] s 8Dl 5 033l 0 S ol SLaSd AL Y1 o8 Jam <14-J st
TMS g} 2l 39.5ppm i 5557 e &eelew 53] Jom (odll s OF (sl s DMSO-de

gV ol 575 LSk

o3 oLl A b Jol J d S b sl o) s 33l 0y SUE 13 wlilal 155 (1
aisas J2 ) para s ortho ows M (3 0 6 S

03 S 33 8,L8] 25y (1-4ppm) i, Jef Ji 1 &Ll L3t ) 555 CT— S bl
Q52 (CT 4udly para g352) C10 5,L3]L #4550 5 (Ippm) Jlués, jzisis J 52 C8 5C6
.o J# U (1.7ppm)

C2 05 S 3,3 3, 5 2ppm) J1s% el I 2 5Vl s 5,1 3 €3 S BLs ) Ll
9] i s 4£ (9.2ppm) s 5l

(thamnoglucoside) (Sl S Gl 3 (__L)T S S e 0S¢ Sl s A 0T 13 (2
<hd )] #Lsl e (1> 4rhamnoglucoside JSad y rutinosides Kl pp ) (S ail
C2 0581 5,5 5] 15 Ly (4.5-6.0ppm) s i J2 o2 C4 5 C6 S5SG1 058
Ji 525, 0 S )35 #1555 (3-4ppm) L) £ neohesperidosides Sl (3 5Sll)
[(1-3ppm) JI 5% el

5)L3| = 2 4 sophoroside— 25 2! 5 gluco(1—2)glucoside s» S e 08 Wl 3 Ly
cir s (B-10ppm) on ol M et dlt 2 L) 5SS o dlaand) 05 K315
(1-3ppm) Lo el Jlg 52 5, 05 S ol )3 o jLs)

£L5l PCNMR Cib @ badd 85l o 5 Kol e ) e 05 8753 (acylation) dkel s (3
Js# el s 11,531 05 S olj3 oyl Lt 5 2ppm) Jss 2l Jie o2 &L

-(1-3ppm)
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o (ppm) a1 0 SN 343

17-22 C-CH;

55-57 O-CHj(Jsia ye Y1 e aaly 5y 5) pa s aadilas ) )
58-59 3-OCH3; (3-methoxyflavone)

59-63 O-CH; (i) gy (8 Cnlasivee 3535 aa Al s )l )

60-83 CHOH, CH,0H (<t _Sw) , C-1 (C-glycoside)
90-110 C-1 (bl (5 e 551 () 53 SN

90-135 L gl de ganay Aati jo e Al gl 58 @l

103-112 C-3 (Flavone)

136-139 C-3 (Flavonol)

130-160 iS5l e seney Adasi o Al (518 150
145-150 C-2 (Flavonol)

160-165 C-2 (Flavone)

166-172  CO sl st 2 S

172-177 C-4 (Flavonol)

176-184 C-4 (Flavone)

BC-NMR ik 3 5 85l 5 00l 0 S )3 L5l o ams -14-J g

SN ae opadly 5 A3 S e (6 Sl 6 da b 8 e PC-NMR b 0 S5 (4
oda & e sV 0 SO e s olain s S ¢ 5 WE caa ) C-glycosides
G AN O g S50 8 ele S b1 OF LS oy Sl @b g SO aid Lpass aidadl (3 ez AU

S b ) pdd 0 SO 355 S L5l G €8 51 [ 5 C6 bl (3 UL C-C 2yl
Al 0 Sl ad e d ST Y g il JB) £ (10ppm)

ad) 1L (bl 5950 (o M1 2 ylE o522

Sod) Bl 3l B bl ol () o) ol Gl de de femns
g (ol Dl

and) Lpians o Bor gl 5l U 5 g ) sy e (HH-COSY <y

@l e basy 008 555 @l wad o (1) 3 ol e 2aid) ods s tHMQC <) (<
(U5, 50) 0555

s 5 05 0w (BT ST 5 06,3) samdl ol I3 e iy mes THMBC <) (¢

A8 el 05 SN 5,00 5, gl 05 S
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A S LdLbes -6-2

Sl A 05 e Ol G5 ol UL S o) A e Jonns

M Gy (ST N plasl e 24U Wlaad dul iy ST U 3 a5l S Ly ) Gl Je O adl
S DB et fomnes g s 8 8T Slaslae JALL dan 5 ST e BB BT o)
RESE Rt L N P R

{(E) 35 /4S99 QU ol 4k -1-6-2

055 gl b 00V e et o ppadl U SN e g SOY) B BB Jeris
‘L2l (Flavone, flavonol) b sSls Y1 -pe £ 5 Il ey V) 2l g LI

- -
0 O

= Z
o HCZ o

Al BZ

Jlaxznly b Sl A 5 ST 25 05y 13 5 pladl ALB o )y ol SO A (3 L
Joris 10 STl 2 050 ad LS Y QUL B ) Al OLe B ) Lgms 28LL) 2220)
e ol 6 T ol c)%jgu?s@

(CD) Sl ol i -2-6-2

ol Ol s el G el oz [13] (G 0sD) oMol e dezs
M+1, S els b Y 0,5 LSy e (CHy) Old) alenzad) alelad) 5L e g U g )
LS (NHp) U oo W ol e M-C3Hs™ M-CoHs™ MH" b 30 i)l M+29, M+41
M-NH;NH,*, M-NH,", MH" <G 3,5 2l 1) M+35 ,M+18, M+1 1S s b ) 5 4
(APD) & ) baall o JlwSdl ol i -3-6-2

JE 3 o padl Jemid 5 6 il o F ol o (S5 JleS) ) 3 Tas s el
J13] WLl Lol 8 5 5 S Jlamin) dis & sanill LS L

{(FAB) &1yl ay pud! DL () 4 -4-6-2

Sl r g et 5 el y gl el Gl o e 1 (AD) 058, O3 e e Jleszal,
O3S 5 [M-HT 5 [MAHTY Jie ale i g0 e a0t DUl 0 S5 il e ks 2] o
13] & el L2l
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:Electrospray J\ eSJ1 313 34 ot A -5-6-2

S el Pl Jilell 8 S8 B Jlensaly cmis e [13] B ods e
Bl ol ol s (B 8 0)) o Ay sl e il aS Bt 5 il 3 sl o) b S
(W)lsl) Lkl @ (558 Ll ) Lo mn ol 55 im0 80 Lpam il raall 3
G Jad Gl (8l S By WLy (11-JK8) et ol omtl] S oS0 3Ll s
Adaadl Sl alas] 5 8,00 5e 2kl sds e Ol b Wl Ll 3 Sl ol

Electrospray — cwl) 225 Tas =11 -Jg_;;

1y Skl e aeedl -7-2
a4 Tk LUV Wilge 5 Al ) a5 0K TL L b (0L S Sl g g
(N oda (3 Lla S et el Aland U 3 0 0SS s B 5 S ol sl et

+
Glycoside H » Aglycone + sugar(s)
100 c°

e Lid ey ¥ wgad 2 U3 ) OB [9] 34 4y lall 384 L“s;a.a.;-\ W\wr_::um
0,5 e Slinb Lo g b Jomiand) 2ad 553

Glucuronide > glucoside = galactoside > rhamnoside
1058 e AL S Bl o se e ST

7-0-glycosides > 4’-0-glycosides > 3-0-glycosides
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S ol e ad Sug ¥ 6l "0y S0 S Al 2 0SS Yy S a3 08 W 8
s g Bl Jelin Cm Logl (C) Awbadl b A e o bl Suz
oS & de J st L}ijscbjl\gwj)@g;aﬁj:é\ ol @5 (Wessely-Moser) ) s
8 56 Cwdsll 3 nili p S gy A 3 4 (8 51 6) inmisll Al By S s gy Wl
(1208 33 8 il s S Gl Leghas S5 0L

OH

(R=_Sw) jjse - Jory o i o3ls] Jolis -12- S

(e 3 HCIRN):MeOH(1: sk o (5 ml) Jls> 3 (Img) <S4 &3L saedl aedl oz
o eS8 Ll a3 o5 32 =3l elen) dw @iE> 60 s 24100 ke Jlo pla (3 L
sl Whatman® &, Jlesels (PC) 31,6505 S Jlaxl ol 5 (MeOH:H,O(1:1)) Jslin J sk
OF a1 e s koo HOACIS% Aod! Jomind () WS & 5 5 sldend) #1041 Jlaszals TLC
9] s e &gl IS 5 Mg Ry Aed (3 Oliais s O 136 LoV ST U1 g dalad) 0S5
2 o o wl Ll (3 e e ) 0SS e Sl feadly s ad g W 8
(EtOAC) JY) o ud Lol 0 Sl V1 (oDl o ¢ Jgiliall JUT el pie o 2SN o
Ry e g amed o OSSN e st (paall ) lall (Bt ) ) Ll ol e Sus
Amndid) 35 Ans Y b o ¢ dal o8 e ) 35 5L 5 el el ml OSSN e O ad
s 5 el s 3 Ll3] it o & Lo b (ol Sl Sl e sl U gl U
W Bl v el aesl] BT el pide o ST o ol o ske el SO 5 ks 0

Silica gel GFasy oy (TLC) W £ 5ley 8 o o) iad S 11 e ahoaisl) oy Sdi Lo O3 juil

sl 92100 5)) = By ks O3 3 mdsm € slphl 3 i dn (NaH POy (0.2M)) Jsb=s o n g
3£ 5l g S 7 sl mery g 2l 2 Sl 2l amy e SUD Sl e DS a5 ek AsL
sl @ sl 5l el odl (3 Camd I n 5 (31,8 5l s SU = I = sy (Acetone:HLO (9:1) aled) 3
G Y DU PLT GalSy b e Gimd B s o) i el B30 5 At
L2~ o 3em’ s (aniline) (kY e lem® s (malonic acid)dls JU o e g e 0SS
(%90-80) J sluY) e 100cm’ 5 (phosphoric acid) &, siw 5!
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Oob sl Ol Sl ak TS G 365 s 3l 22100 e 05 & 3LESL S 2l ai
2wl oL S Ry o5 0558 (S e pall of o 05k 5 domadid) G sl o2 i
: Jus

L-Rhamnose > D-Xylose > L-Arabinose > D-Glucose > D-Galactose
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sds Aol o ol s sl GBIl (3 Jenied ) SUL 88T e al Wl ) eda dedde 3 o
o gl SIS OB [2 1] axl A (3 e S sl ) 5 (endemic dleol) Lz dzldl
g 2 A, g1 ads Lilss ¢ ol SUL Gy e OIS 5 BT Sl Lke Jgnad 23S
b (o Ol s el ) 5 Al s e 3] AL Mle W e g 5 ) s Al
:Pituranthos chloranthus <\$ -1-3

UL [1] (endemic) Wi 3 JU& ailate (3 Jais a5 5 [3] s 5 "5505" g ' Lnd OB e
skt o Jpanll s 25,8500 ¢ A 685 o LS L s ]y i Bl Ol G153
A e 3 5 e Gble & P.Scoparius 38 s b 2 65 Jerteg (dinST 4y ke sl
el O pia LS ol el 5 B Sl 2O 3 S aabiis sty LS
g o olad 4650 slasY G5y ol oo o A b T Al e S 0 3 ol e g g
Oz a1 ooy 2301 o pead s Ul sl & Rl o5l pdb W) L oy ]
et wll e 1S mo gy Lk Al o5 oY) Wl 3y Y e sl ) ebslin 1 )l
AL g

ol Che g -1-1-3

By aV () O amdl) ald dgb amdl, Sl e Bl g A5 L ISy e s U
b Ll L3, S 3 S a g s s Jod o a5 wand aid ) odab 34 2 ) dens
S 5% 3 Apiaceae (Umbelliferae) ! 2l 1) bl oz (13- JK2) dads ol iy 5508
L a5l C\Ju"}!b, A @ Jed) Pituranthos Cua)) s [1] Cae 55 Jo J1md) L) el
TYRUERII L]

P. scoparius (Coss. & Dur.), P. battandieri (Maire), P. reboudii (Coss. & Dur.)
}ﬁﬂd C;LM.“ t M*' "\}

Plantae a<Laal)
Spermatophytae Al
Angiospermae Aol Caas
Dicotyledones el
Cornidae sl
Araliales as )
Apiaceae (Umbelliferae) Alal)
Pituranthos Caual)
P. chloranthus (Bent. & Hook.) gl
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Pituranthos chloranthus <\ | s -13 - S

:Pituranthos <)) GG J s Ailad) G5LeSI Sl jl 2-1-3
ez i)l s UL Ll S e WilaST LI L ook b3 e o L1 2l ods a3
el danlall OLST N e Ol sadt Lgaan WikaS

Volatile oils 5Ll g
Coumarins Sl e S
Flavonoids AW
Phenolic acids iyl oY)

e Lois LS 0 daw Lisde 5 Canall s UL (3 e Ol & ol s 3l a2 Led LS
00 (15-d g ) o3 Sl a1 5 0 Sl 0570
(%67) S S 2 S 55 el -
JSCA1 5» isorhamnetin S+ OF L= &= (%84) I s» (Flavonol) J s sdull IS -
A padll Sl S Wl
P. tortuosus <\ oo Leghad & chrysoeriol, isorhamnetin W Lo o St 048 0 5 5 5 -
Lol M b 35Sl o)) -14- ) ey
<Ll 4 i) Ol e M
P. tortuosus Chrysoeriol, isorhamnetin, isorhamnetin 3-O-glucoside, [4]

isorhamnetin 3-O-rutinoside, isorhamnetin 3-O-apiosyl-
(1—-2)-[rhamnosyl-(1—6)]-glucoside

P. triradaitus  Isorhamnetin 3-O-rutinoside, isorhamnetin 3-O- [5]
rhamnosyl-(1—6)-galactoside

Pituranthos Cxwall UL e L] s2al) Slag 51 -15-] g
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OH O OH O

R = H, glucosyl, rutinosyl, robinbiosyl, Chrysoeriol
apiosyl(1 == 2)-[rhamnosyl(1= 6)]glucosyl

Pituranthos Cuwa)) SUL oo i peadl) Sl U oo -14- S5
Sy Sl Gy g s b el W UL e Wsadl SUS Ge 620 515V L

b 1SS fel any 16 5 15-00Ked) Jams 5 16-0 3l @ gk ooy 8 dl) oLyl 5 5Lk
[8-6] b s Sl old Canall UL 3, Ll & g I b anl L;J,;'—T Slal s cwanl LS (oS

R4
J A
0 o~ o
Rz
Ry R, S A el
H OH Xanthotoxol
OCHj; H Bergapten
OCHj; OCH; Isopimpinellin
H OCH,CHC(CH3), Imperatorin
OCH,CHC(CH3); H Isoimperatorin
OCH,CHC(CH3), OCH; 8-Methoxyisoimperatorin

OCH,CH,CHC(CH3)

H3;CO 0" Mo
Aesculetin dimethylether Umbelliferone Marmesin OCHj
Cnidilin
OCH, OCHg
H
o . S IO,
(0]
H,CO
0 (-)-S-trans-Marmin, R = H
Scoparine A Scoparine B B (-)-trans-Marmin-7-O-glucoside, R = glucose

Pituranthos cxwa)) UL e i s2dl <l L SN ar e -15-J§,;
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oL GLdl gl 4 padll LS M e M
Coumarins:
P. scoparius sl 3-n-Propyl-5-methoxy-6-hydroxyisocoumarin [9]
(scoparine A), 3-n-propyl-5,7-dimethoxy-6-
hydroxyisocoumarin (scoparine B)
P. tortuosus _sall Bergapten, isopimpinellin, xanthotoxin [10]
osxll Bergapten, graveolone, xanthotoxin, isopimpinellin, [11]
aesculetin-dimethylether
P. triradiatus %) s¢) ¢)32Y) Xanthotoxol, umbelliferone, isopimpinellin, bergapten,  [12]
(-)-S-trans-marmin-7’-O-B-D-glucopyranoside, (-)-S-
trans-marmin
Gl Imperatorin, bergapten, umbelliferone, xanthotoxol [13]
sl Marmesin, (-)-S-trans-marmin, umbelliferone, [14]
xanthotoxol, bergapten, imperatorin, isoimperatorin,
isopimpinellin
4 5¢)) ¢) 5aY)  Isoimperatorin, cnidilin, imperatorin, bergapten, [15]
isopimpinellin
Volatile oils, phenolic acids:
P. scoparius Gl Apiole, bornyl acetate, a-pinen [16]
o33 o-Pinene, B-pinene, p-cymene, limonene, thymol, [17]
myristicin, dill apiole
Oawdl  o-Pinene, a-phellandrene, limonene, Me-eugenol, [17]
germacrene D, myristicin, spathulenol, -eudesmol
P. tortuosus 4 5¢d) ¢ 32 Dill apiol [8]
i) 5e)) ¢) a8 Ligustilide, ligusticum, B-bisabolene, myristicin [18]
42 5¢d) ¢) 52Y)  Campesterol*, stigmasterol* [10]
sl trans- and cis-Heptadeca-1,8-diene-4,6-diyne-3-o0l-10- [19]
one, falcarinone
i) 5¢)) ¢) 52Y)  B-Pinene, p-eudesmol, o-phellandrene, o-thujene, oleic ~ [20]
acid, B-sitosterol*, ursolic acid*
sl 4-Methoxyphenylumbellate ester, stigmasterol [11]
glucoside*, mannitol
P. triradiatus % sV ¢) 32Y) Ferulic acidf, chlorogenic acidf [5]
sl 5-Me-psoralen [21]
i) 5¢)) ¢) 5aY)  Terpinen-4-ol, a-terpineol, p-cymen-8-ol, Me-eugenol,  [20]

5, 7, 8-triMe-dihydrocoumarin, oleic acid, -
sitosterol*, ursolic acid*

* Triterpenes, T phenolic acids, & sugar

Pituranthos Ciwe <UL oo & padll 6 =Y ©LS™ 11 216- s
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COCH

(0]
(0] OCH3
N, OFOH o
HSCOD/\/C%H /©\/\)J\O
HO HO HO OH
Ferulic acid Chlorogenic _ag;d 4-Methoxyphenylumbellate ester

OCOCHj = ~CHs

H3 H3C CH3 o_—\
HsCO 0
\
OCHs OCH,
CH3 HoC CHs
Apiol

o-Terpineol Thymol B-Pinene o-Pinene Limonene Bornyl acetate Eugenol

Cahs ' CoH
A 2M15

H
COOH
|
| X HO
HO Q Ho

B -Bisabolene Germacrene Stigmasterol Ursolic acid B-Sitosterol

Pituranthos Cuwa)) OB oo & pade Gy 5 LS o 9 & i)l plal) 2 o -16- s

-Pituranthos chloranthus <\3 islweSJ) & y1-3-1-3

Lot 2SI S asb Iy et el el L) Gidd a1 dibte e L) Cakad @
.(350g) WUk il sl e Lede

e e M (20:80) sbe [J sl J ke Jlerzaly L 0 (350g) Jo ok DY) wlles
s o2 g Lde fadl bla )l med o ) s b J o2 Jlamal 850005 0 5 2l 30l 5 L)
ol abiies de Jsed] o ises brs o4

o ol s b )L OGSl 85 4 (350mI) ae sl 3 a3 ok BUH el
(17- g5l al J Laind g (b g, U)o 5 2o pll) 01500 5 2 5

e O oy b, JIL Bl Bl 2l Slods me Pl - Bl fadl) Ollans Lgsdlas o5 213 )
GG Gas Lo b S Gadd v G e O sl -1 el 5 0L JaY) o 4
1 sk U5 o Lede et S
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&) 038 Al

2 ST
1 Y oo
14 quﬁ -1

@bl Lle fad) wlabudl e alld 1365l S0 ol Lol ol »] ¢ Ladl) ollee oy 13
Jbs -1 sb Lo gl (e Ol Y JY) o (alss 5 o) 05801 Gabiaes O
ot @E S s lamal S8 e fadk el @I B Sl Sl BS0 Je s
3.5cm o ki s 45cm <ol skl e O &g HyO — MeOH dzlel) dlud 4 (Polyamide SC6)
ISl () do oo L, Jplall andis o5 ) Vol il sl Blob aded lbee T
Syl day Bl 5l 8 sl ) seSl mad ¢ ST Gl o ST e Ulas gl (3 el
s e U S sas J 2l Whatman 3MM® &, e BAW 5 HOACI5% nhed) Jloxinl,
ds syds S

A3lal) ALl salal)
350 g
S re (JoaS Pslaay (adladul

diladl paldiuall

Pituranthos choranthus &l (o) bz 217 - 1S

e sleg S L 6 2T 0312 5oy ST Olads Jleminls Lede ol | puSU Lhab Slhes 2lls s
(i 34n (CHyCly /MeOH) dnalt dlexsS™ y Silica gel GFasy ¢! S e (TLC) a2 ) aakll
s o5 BAW 5l HOACI5% dalt JoxS™ y Whatman 3MM®G 5 Jlexzuls 33, 5l L) 8 5Ly SO
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Sephadex LH20 1+ 3508 ;& W 5 x5l bl Codd) (3 80l ool Ll Lnis ek LS e i
A S a8l sl o) e 55l 058

Loy 318 50 g S 5 sadl) 0 L5V 5l (3 4 5 s Ledditol (P6) S0 245 5 b Laf 2
e 85 BRI U125y S Jlemialy o) 30, 00 alonsdl e dlad £ scopoletin (PS) 5
Silica gel GFass o2 C\jﬁ

sV OLLT ) aadl ad) @5 e 5 SLAU Lo a2 o OUS W Ry o e sleseVU
S SLbl 1 f 5 PC-NMR 5 'H-NMR Glbl 5 (sl SO a2 e 5 Jsladl (3 2ol 356

(5 Upadll LSl LSl ad E el L el s o (MS)
Isorhamnetin 3-O-B-glucoside (P1), isorhamnetin 3-0-(6’’-0-a-rhamnosyl)-B-glucoside (P2),
tamarixetin 3-O-B-glucoside (P3), apigenin 6,8-di -C-B-glucoside (vicenin-2) (P4), scopoletin

(PS), L-iditol (P6)

i 1 st
(14

G (HZ20 % bl eCiH)

ks 40
il g glagh al Ll
(PC, [TLC)

4 32 1 3 sl

Pituranthos chloranthus <\ J 56 s -1 55k oS o Leab Ll 118 - S
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e e B G (19-JK2) Jsilise -1 absand HPLC pl 25l S 540 & =0 2 o
S J 5 s -1 b L it o) (ool o 5902 508) Sl YU sae A o2 e g S
1o [22] Ul el i g daladi aledt 5 femcdd (31,8 5l g SO s gand) atlias <3S

Column: Nucleosil 120 Cig (25 cm x 0.46 cm)

Detection: 280 nm

Solvents: A (Phosphoric acid 0.01M), B (Methanol)

Elution gradient: 5% B to 50% B at 10 min, 70% B at 15 min, 80% B at 20min, 100% B at

25 min

Flow rate: 1 ml / min

SN ) 5505 20 11 ol OF e O LS oadll 8 ikl il B3 221 il o Iolozed
a5y

1- Apigenin 6,8-di-C-B-glucoside (tg = 13.779 min)

2- Isorhamnetin 3-O-rutinoside / Isorhamnetin 3-O-glycoside/ Tamarixetin 3-O-glucoside

P. chloranthus <\ J 50 s -1 jalsanl HPLC ol $ 5y S <19 - IS
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:Solenostemma argel <\ -2-3

& Jomiy "BV e B e OB e T A Bl 8 Lt
OLa zMe pa e aeab Clis Plo sz s Ol g 3 05K G 21V e ) Bl
& Lol Sl Jaxtow (opad) & a0 3003 o O geall CalaneS” BLI s femty WS [3] bl e
s Jomtoy 6 2T g o gme dy DlandST Lni sy G150 Lmbin G5 5 2 A B
A 5 DUkl e sladll o il daasll Ay el 3w § g b aon o) ol
Jomzal 13] i 200y (Ladh Sledt g sleal) g saall ol Al 2 31, 5Y) O iy Ll s gl

2] 2l (ol w1 8 s (3 Jamiy ST [23] g 5b 5ul

ol Che g -1-2-3

(G ks O I3 5 ISE) 2y 8 05U 5 Bty 13 el o)l 60 b why gl e S
Al o cthio Ay ga (18-Sl Lt 8 o 2 Y1 s 5SS Sl § 455 0 LY ol
aldl ainas ([1] Solenostemma Cxwz)) g Slesl 10— 1541 3 dedl Asclepiadaceae Wsle

Plantae
Spermatophytae
Angiospermae
Dicotyledones
Lamiidae
Gentiananae
Asclepiadaceae

Solenostemma

S. argel (Del.) Hayne

e

ISP
|
A i) Caas

|

(uﬁ\a;s

-

Al
Ayl

—auall

g

:Solennostemma -a)) UL AL LSS Sl y ) -2-2-3

JICIR WIPS | IR VST S PV PRV VLS WS 9\@‘@&)&@@@?&\%\ L s dul s o f
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Pregnanes, pregnane glycosides, triterpenes
Flavonoids
Monoterpene glycosides

Acylated phenolic glycosides

Solenostemma argel L | s =20 -Jﬁ,:

(%95) <Y 5 533 Ll OF L (21- el (17-J gir) L) W o & sazil) ol Sl adlly
(%30 s>~ ) quercetin JSoa e 4y (%60 L 5=) I 52 kaempferol JSoa s o s

luteolin, quercetin, kaempferol : » U Sl B 5 g g 1l

4 guadlt Sl SN e A
Kaempferol 3-O-glucoside, kaempferol 3-O-neohesperidoside [26]
Kaempferol, kaempferol 3-O-glucuronide, kaempferol 3-O-rutinoside, kaempferol [27]
3,4’-di-O-glucoside, kaempferol 7,4’ -di-O-glucoside
Kaempferol 3-O-glucoside, kaempferol 3-O-di-glucoside [28]
Kaempferol [25]
Kaempferol 3-O-glucoside, kaempferol 3-O-neohesperidoside, quercetin 3-O- [29]
glucoside, luteolin
Kaempferol 3-O-glucoside, kaempferol 3-O-neohesperidoside, quercetin 3-O- [24]

glucoside, quercetin 3-O-neohesperidoside, isorhamnetin 3-O-glucoside,
isorhamnetin-O-di-rhamnoside-hexoside

Kaempferol 3-O-neohesperidoside, rutin [30]
Kaempferol 3-O-glucoside, kaempferol 3-O-rutinoside [31]

Solenostemma argel &\ o 4 g2dll OIS I Loy -17-J 94
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COOH

Kaempferol 3-O-glucuronide Kaempferol 3-O-di-glucoside

Solenostemma argel <\l o\ 55 axd 15| gl 221 Lo

4 padll OLS™ M Gudl gl a )
6,7-Dihydroxy-dihydrolinalool 3-O-B-glucoside, Wil e a1 [26]
3,6-dihydroxy-dihydrolinalool 7-O-B-glucoside,
14B-dihydroxy-5-pregnene-7,20-dione-3-0-p-glucoside,
benzyl alcohol -O-B-apiofuranosyl-(1—6)-p-glucoside,
2-phenylethyl-O-a-arabinopyranosyl-(1—6)-glucoside
Stemmoside A, stemmoside B, stemmin C alsy [32]
14p,15a-Dihydroxy-4-pregnene-3,20-dione, sy [33]
3B,14P,150,160-hydroxy-20-oxo-AS-pregnene-tetra-ol,

- amyrin, campesterol, B-sitosterol, stigmasterol, a- amyrin

Solargin I, I1, IIL, IV Aol sel) 13aY1 [34]
Stemmoside C, D oA [35]
Argeloside A, B A [36]
Lupeol, B-sitosterol, B-sitosterol-3-O-glucoside el 32y [29]
Argeloside K, L, M, N, O GlsY [37]
Stemmoside E, F, G, H, I, J, K alsy  [38]
Argeloside C, D, E,F, G, H, I, J sl [39]
14-B-Dihydroxy-5- pregnene-7,20-dione-3-O- [ B-D- oYY [30]
glucopyranosyl-(1—4)-B-D-oleandropyranosyl-(1—4)-B-D-
thevetopyranosyl-(1—4)-p-D-cymaropyranosyl-(1—4)-p-D-

cymaropyranoside], 6,7-dihydroxy-dihydro-linalool

Solenoside A, 14f, 15a-dihydroxy-4-pregnene-3,20-dione sy [31]

Solenostemma argel <\ o 4 524 L;;'-fy\ ol L -18- s
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Gk Ll S 5 el pal) e e at et o o e DY) ¢ ol el il S
¢ 43 kaempferol S o Wl padll oSV e Ol ag b ) [28] L2 4 LS [24] A
[25] Lo Ry o3 oo ade O3 a)

b e, ¥ s a5 (cytotoxic activity) A Badl Aul s [42-40] axl M sl
SIS a5 18- 9l Byl oLl s 58 )y S ol 2l LS L (antitumor)
L Janl) LSl kal) (22

SVl wo i)l 5 sl ao Al anl s [39-36 31-29] T aml e by IS
il 13 Kaempferol 3-O-rutinoside S A OF aul s & bl Maad Sl s L g2 (¢ =1 wls™
L;;-T olalyy eyl U?'T 3 [39] @pf Sj;LU Indomethacin ¢! 95> dleld dsles UL Ao
[45-43] ©b k) 5 o5 A ol wlabsins Al

:Solenostemma argel <\ L lanS! e yd1-3-2-3

oo (8009)— (i) dlon Lol abdeal 5 Ol Cadst day g Wb ddkis o Caldll dles
LT ol e w)l &heddl @) 57 5 2ele 24 300 (317) ol [J gl J ke Jlemsals 0Ll 5 G155V

s bis o OUL) o 3 Ls I o et ) e (ol Jle Jlomnaly o8

3L O @ S d e £ (400 mi) bl el Gl ade Lot O LSl alnd)
s A gl b aly Grdad (3 der juze wlpds Bl - bl Lead)l olles Tid b Laday alS” A0
IS e o O J 5 g -1l g 5ty 5 JaY) o e o i, IS G
SLeSIl SISS (ol b o) bz e 23- IS8 5 OL o S o el

(2 s s

&) 938 S el

3 Jasd Al
50 ST
! JY
65 J b -1
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Sl

=
an  ©
(0] OH = OH
OH
HGQ40
OH
HO OH
6.7-Dihydroxy-dihydrolinalool 3-O-glucoside 3. 6-Dihydroxy-dihydrolinalool 7-O-glucoside
0 COCH3
OH OH Yo OH oH
HO Glc-0 o] HO Y
Campesterol 14 -Hydroxy-5-pregnene- Stemmin C 148.15¢-Dihydroxy-4-pregnene-3.20-
7.20-dione 3-0-B-glucoside dione
OH
COCHj 0 o MeO,
HRo o N OR;
OH Ry o) 0
o MeO 6] 4 OH
OH oH OH HO
OR HO .
HO o R,0 SolarginI_(R;=Me, Ry=H)
3B.14B 150116 0-Hydroxy-20-  Stemmoside A (R=B-D-glucosyl, R,=0H) Solargin Il Ry=H, Ry=H)
oxo- A’-pregnene-tetra-ol Stemmoside B (R=f3 -D-glucosyl, Ri=pH) Solar 10 I Ry=Me, Ry=Rha,)
Solargin IV (Ry=H, Rj;=Rha.)
—Me
HO OAc
H o
HO ,CO Ho ]
OH OH Stemmoside C
OCH, OCH, M
— e
B-Glucose [-Oleandrose [-Canarose [B-Cymarose B-Cymarose \\
HO
OH o
o}
OH OH Stemmoside D
OCHj OCH,
HQ,
OH
AcOH,C
"] B-Thevetose g,
Ho o&/o
HO 38%80 O%HO .
OH OH Argeloside A
OCH, HQ,
o
AcOH,C
HO [B-Digitoxose “,
o}
HO ,CO Fo
OH Argeloside B
OH OCH, OCH, Argeloside B

Solenostemma argel s oo U 52l LS A jo 2ry 22 -
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(Polyamide 6) La¥) siazs oo 3508 Jlanzuly (1g) JY) oM alsrins Jo cd il olles
bl day Wl &1 us 30 e Jped) 6 Co> plesS” (HO — MeOH) akod!
i M ikl W2 gl y S0 Jlaxanly (82) 5 (S1) onS e Jood ¢ 9 kb )5S 8 () 31 5 5Ly S
sl i Jlenzals (20g) J 565 -1 oot Lad & Laday (PC) &340 L) 5 5Ly SUI 5 (TLO)
Ay 1S 11 L b als lS 50 L Je Jsadl & e oldl) da sy ol
8 gley ST ool L)

e Ulass (TLC, PC) s »F 2318 by 57 ol wlaa¥ly BLS 0 fuab @5 5Sl odn o s
Y el ob e dlad F ) (82) ST sp prasT oS

Sephadex LH20 (» 3 5o IV W 5 ja f L5k S3lely Leadas & oLl s e 8 il GOSN
(e 9 BeSI 5 a3l 5l Wl Caloss e Ol £

Kaempferol (S1), kaempferol 3-O-B-glucoside (S2), kaempferol 3-0O-(2’’-O- a-rhamnosyl)-p-

glucoside (S3), methyl-(E)-ferulate (S4)

Adlal) Al salal)
71~ 800

DS g (dsaS Jslaay padland

v
’ dilall Galdiuall ‘
CAL el A8l

A4

’ lall J slaall ‘

sl iy padland

> dosdl ) sh

45 )51 et .
022098 o »( pustsosisl) sh

ALY O padlatid
oA A b

i -1 a3l ~
> Jslig-1 sk

L

hall ) shall Ay

Solenostemma argel Jo 2 ol (oSN bbiz 23 - IS
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: Marrubium deserti &\ -3-3

o) el il Al g 9 [3] 1SS T A" L Ol e g Mg 2! et Lad O
.[1] (endimic) ez

ol Che g -1-3-3

s o GV (AL L @y ok Rl lad 53 ¢ ke dor e 30 1120 0 Aok - gl o
bl il (93,5 0 o3 5 Sl il Y dgald & s el 3 ) el B Al
& Bls A dle a5 (Lamiaceae) & yasdl Al U] Ol ax (24-JSSal) 000 sl LIS
R PCIF P UINENVY RPN PR ) BT R VA JCIES RN U (U VS Y

L5 40 Jlp dor g 3] o sl uﬂ-d\“ ) ks 3 ol ) s Marrubium Cenl) UG ias
1 3 (1] ) L) L BLo| g1 ds L a3 31541 (3

M. vulgare (L.), M. spinum (L.), M. peregrinum (L.), M. alysson (L.), M .alyssoides (Pomel)

RY) 4 L}u\ M\
Plantae sl
Spermatophytae —
Angiospermae Andl)
Dicotyledones —
Gamopetales pull s
Lamiales Al
Lamiaceae Alilall
Lamioideae Alilal) Zas
Marrubium aiall
M. deserti (de Noé) g s

Marrubium deserti =\ | so 24 - 1S5

56



Lnd g ol M. vuilgare s sas)l Gl (3 Vlanzal L iS5 ol din g all 5 51530 0 g
Grb 5 o 34 ol o el S ol St (0l el e el
A YT el o) s U g i) Sl e e ol s e L gl 2081 s
iage gl 26 el iall 1 e 5 2pntl) 5,5l Glite jim LS 5 ) OV 5 cpploy )l ool i
Cpozb) gl g Awiid] Cnid) Vghoe (o) ol e a2y WS ¢ o) BBl (J5d s
(507 <[23] F1 oo i) oMan) Ui iy ol 5 ll Ul
: Marrubium 2! &L i) LSS Sl )t -2-3-3
Ul Jots )l Lamioideae )l f bl ST ahbe dul s b ol s b2 | Lede
U LS W eella ol WiS™ 55 Phlomis s Ballota, Marrubium <3wsY)
Labdane diterpenes
Flavonoids
Phenylpropanoids
Volatil oils
W La>s (19-J skl &9l Marrubium ez UL o ) sazill 3 39 LS W adlly
s 0S8 Sl S e %70 T R e SUSUST Ay Sl S s (%T70) s
e 06 1zl flavonol 5o oS>V ¢4 %27 5 (Flavone) 0554 o L o35Sl
el Sle ot s Lo 3 AL S 2y 5 S ol 350 e %40 OF LS flavanol s» 3 5S>
L aal 15La S Gl any -25- Ky (acylated glycoside)
s ¢l 4 furane labdane diterpenes ¢ s o sl ol Al ran, Lyl il i UL e
Bay  Ja> (26- 2 5 20-J gix) M. vulgare U oo 50 J gl aluad ¢ Ul marrubiin &S~
dge ot dwled) w0 i 5 (vasorelaxant) sl 2 Y1 (3 5l e ag a7 @ bl ol )
[55] sl wMaal s Lo (3 o, 5> marrubenol <5 bl LS [54-52] (antinociceptive)
I g PN o A PR - | IR O 6«4 M. vulgare &b lalsins O ¢ =1 Sl ey
O g2 LS 55 )Lkl @ g I LS 8 casal Sl ,dl e dpial) OF LS™ [47 ¢46] Leb 30S 30
A gad) 5Ll o eal -20-J gkl foiy 5 Sl 5 sSem & Lidle
o o Jsaie OS5 e Ll s 5 (26- Sl phenylpropanoids «lS s o bl 2T il
Joried ) SUL el OF ol s ([58] LT s 2Jlb acetoside — 3y ,all 5 Gl L)
Ol M asT o (4 ageddl SN asT ) 87 U e o 055 ol ws il () 3
.[49 «48] (in vitro) 5 & ,sik! .l e 4 5-Lipoxygenase (:ﬂ Lo Jo Jen 3 b alaY)
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oLl U gadl) OLS & A
Flavonoids:
M. alysson Apigenin, apigenin 7-O-glc, apigenin 7-O-arabinoside [59]
M. cylleneum Ladanein [60]
Pilloin [61]
5,6,7,8,4’-Pentamethoxyflavone, quercetin, luteolin 7-O-glc, kaempferol 3-O-glc, [51]
kaempferol 3-0-(6’’-0-E-p-coum)glc, quercetin 3-O-(6"’-O-E-p-coum)-glc,
apigenin 7-0-(6"’-0-E-p-coum)-glc
M. friwaldskyanum  Ladanein [62]
M. globosum ssp Kaempfeol 3-0-glc, quercetin 3-O-glc, apigenin 7-O-glc, isorhamnetin 3-O-glc, [63]
libanoticum kaempferol 3-O-rut, quercetin 3-O-rut, isorhamnetin 3-O-rut, naringenin 7-O-glc,
apigenin 7-0-(3’’-0-E-p-coum)-glc
M. parviflorum Apigenin 7-O-glc [64]
M. peregrinum Salvigenin [65]
5,6,7,4’-Tetramethoxyflavone [66]
Apigenin, kaempferol, apigenin 7-O-glc, luteolin 7-O-glc [67]
M. polydon Apigenin 7-O-(6"’-O-E-p-coum)-glc, apigenin 7-0O-(3"’, 6°’-O-di-E-p-coum)-glc [68]
M. trachyticum Ladanein [69]
M. velutinum Apigenin 7-0-(3"’-0-E-p-coum)-glc, apigenin 7-O-glc, apigenin 7-O-(3"’, 6*’-O- [70]
di-E-p-coum)-glc, chrysoeriol, chrysoeriol 7-O-(3"’, 6’’-O-di-E-p-coum)-glc,
quercetin 3-O-glc, quercetin 3-0-(6""-0O-acetyl)-glc, isorhamnetin 7-O-glc,
isorhamnetin 7-O-rut, isorhamnetin 7-O-(6’-O-E-p-coum)-glc, isorhamnetin 7-O-
(6”°-0-Z-p-coum)-glc, kaempferol 3-O-rut
Apigenin, chrysoeriol, ladanein, 5,6,7,4’-tetramethoxyflavone, 5,7,4’- [51]
trimethoxyscutellarein, isorhamnetin 3-O-glc, kaempferol 3-O-rut, isorhamnetin
3-O-rut, quercetin 3-O-rut, 6-OH-kaempferol 3-O-rut, kaempferol 3-O-(6"’-O-E-
p-coum)-glc, isorhamnetin 3-0-(6"’-0-acetyl)-glc, isorhamnetin 3-0-(6"’-O-E-p-
coum)-glc, apigenin 7-0O-(3"°,6’’-O-di-E-p-coum)-glc, isorhamnetin 7-O-(3",6’-
O-di-E-p-coum)-glc
Ladanein, 5,6,7,4’-tetramethoxyflavone, 5,6,4’-trimethoxyscutellarein [60]
M. vulgare Apigenin, luteolin, luteolin 7-O-glc, apigenin 7-O-glc, quercetin 3-O-glc, [71]
quercetin 3-O-rut
Apigenin 7-O-glc [72]
Chrysoeriol, apigenin, luteolin, luteolin 7-O-glc, apigenin 7-O-glc, vitexin, [73]
vicenin-2, apigenin 7-lactate, luteolin 7-lactate, apigenin 7-(2-glucosyllactate),
apigenin 7-(2-glucuronosyllactate), luteolin 7-(2-glucosyllactate), luteolin 7-(2-
glucuronosyllactate), apigenin 7-O-(6’"-O-E-p-coum)glc
Phenylpropanoids, phenolic acids:
M. alysson Alyssonoside, acetoside, leucosceptoside A, matynoside, forsythoside B, [74]
leucosceptoside B
M .cylleneum Martynoside-6’-glucoside, E-p-coumaric acid, E-ferulic acid, E-isoferulic acid [51]
M. peregrinum Acetoside [67]
M. globosum ssp Acetoside, p-methoxycinnamic acid [63]
libanoticum
M. velutinum Acetoside, leucosceptoside A, echinacoside, forsythoside, alyssonoside, [70]
velutinoside I, velutinoside II, stachysoside D, 2-(3-hydroxy-4-methoxyphenyl)
ethyl-O-[a-L-rthamnosyl-(1—3)]-O-[B-D-glucosyl-(1—6)]-4-O-E-feruloyl-p-D-
glucoside
Velutinoside III, velutinoside IV [75]
Acetoside, leucosceptoside A, martynoside, echinacoside, 6’-glucosyl- [51]
martynoside, forsythoside B, alyssonoside, lavandulifolioside, stachysoside D,
lamiophlomiside A, velutinoside I-IV, cistanoside F, chlorogenic acid, phaselic
acid (2-O-caffeol-L-malate)
M. vulgare Marruboside [76]
Acetoside, forsythoside B, arenarioside, ballotetroside, (+)-E-caffoyl-1-malic acid [58]

* glc (glucoside), coum (coumaroyl), rut (rutinoside)
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Diterpenes:

M. anisodon Vulgarol, marrubiin [77]

M. alysson Marrubiin [78]

M. astracanicum Marrubinone A, B [79]

M. cylleneum Marrubiin, cyllenine A, 15-epi-cyllenine A [60]

M. friwaldskyanum  Preperegrinine, peregrinine [62]

M. globosum Marrubiin, marrubinone B, marrubiglobosin [80]

M. globosum ssp Marrulibanoside [81]

libanoticum (13R)-9a,13a-Epoxylabda-6$(19),16(15)-diol dilactone, [82]
deacetylvitexilactone, marrulanic acid, (13S)-9p,13B-epoxylabda-
6B(19),16(15)-diol dilactone, cyllenin A, 15-epi-cyllenin A, marrulibanoside

M. parviflorum Anatolione [83]

M. polydon Polyodonin, 3-O-(B-D-glucopyranosy-3-p-hydroxystigmat-5-ene. [68]

M. sericeum Marrubenol, marrubiin [78]

M. supinum Marrubenol, marrubiin [78]

M. trachyticum Marrubiin [69]

M. velutinum Marrubinone B, velutine B, 15-epi-velutine B, velutin C, peregrinine, [60]
velutine A, 15-epi-velutine A

M. vulgare Marrubiin, vulgarin [72]

Volatil oils, triterpenes, lignan glycosides, alkaloids:

M. alysson B-Sitosterol glucosidet, cholinet [59]

M. astracanicum Caryophyllene oxide, citronellel , -caryophyllene [84]
Methylcyclopentane, thymol, n-heptane [85]

M. bourgaei B-Caryophyllene, (Z)-p-farnesene, germacrene D [86]

ssp.caricum

M. bourgaei ssp Hexadecanoic acid, hexahydrofarnesylacetone [87]

bourgaei

M. cuneatum Bicyclogermacrene, germacrene D [88]
B-Caryophyllene, hexadecanoic acid, spathulenol, bicyclogermacrene, [89]
germacrene D

M. cylleneum Caryophyllene oxide, B-caryophyllene [90]
Stachydrinet [51]

M. globosum ssp B-Caryophyllene, hexadecanoic acid, spathulenol [89]

libanoticum

M. parviflorum Hexadecanoic acid, germacrene D, B-caryophyllene, (E)-p-farnesene [91]
B-Sitosterol, a-amyrinf [64]
Bicyclogermacrene, germacrene D, B-caryophyllene [92]

M. peregrinum (Z)-B-Farnesene, (E)-B-farnesene [93]
B-Caryophyllene, germacrene D, bicyclogermacrene [94]

M. velutinum v-Muurolene, B-caryophyllene, B-caryophyllene oxide [94]
Stachydrined, 4-O-lariciresinol-glucoside®, 4’-O-lariciresinol-glucoside*, [51]
4,4’-O-lariciresinol-bis-glucoside*

M. vulgare B-Caryophyllene, germacrene D [65]
(Z)-B-Farnesene, B-caryophyllene, (E)-hex-2-enal, a-humulene, germacrene D [95]
B-Sitosterolf, lupeol f [72]
Eugenol, B-bisabolene [56]
Caryophyllene oxide, trans-caryophyllene, germacrene D, bicyclogermacrene, [57]
trans-anethole
B-Bisabolene, B-caryophyllene, germacrene D, (E)-B-farnesene [93]

* Lignan glycoside, T triterpene, I alkaloid
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Apigenin 7-O-B-glucoside (M1), apigenin 7-O-(6’’-O-E-p-coumaroyl)-p-glucoside (M2),
apigenin 7-O-(3"’-0-E-p-coumaroyl)-B-glucoside (M3), apigenin 7-O-(3"’, 6’’-O-di-E-p-
coumaroyl)-B-glucoside (M4), 5,6-dihydroxy-7,4’-dimethoxyflavone (ladanien) (MS),

apigenin 6,8-di-C-B-glucoside (vicenin-2) (M6)
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Flavonoids:
B. acetobulosa Chrysoeriol 7-0-(3’’-0-Z-p-coumaroyl)-glucoside, chrysoeriol 7-  [105]
O-(3"’-0O-E-p-coumaroyl)-glucoside, chrysoeriol 7-O-glucoside,
apigenin 7-O-glucoside, apigenin 7-0-(4’’-O-E-p-coumaroyl)-
glucoside
Ladanien, apigenin 7-O-glucoside, acacetin 7-O-glucoside, [106]
chrysoeriol 7-O-glucoside, luteolin 7-O-glucoside
B. foetida Apigenin 7-O-glucoside, vicenin-2 [107]
B. glandulosissima Kumatakenin, pachypodol, 5-hydroxy-7,3’,4’-trimethoxyflavone, [100]
velutin, salvigenin, retusin, corymbosin
B. hirsuta Salvigenin, kumatakenin, genkwanin, ladanein, nuchensin, [97]
isokaempferide, apigenin, luteolin, vicenin-2, apigenin 7-O-(p-
coumaroyl)-glucoside, apigenin 7-O-glucoside, luteolin 7-O-
glucoside, luteolin 7-O-rutinoside, quercetin 3-O-glucoside
B. inaequidens 5-Hydroxy-3,7,4’-trimethoxyflavone, retusin, pachypodol, 5- [101]
hydroxy-7,4’-dimethoxyflavone, 5-hydroxy-3,6,7,4’-
tetramethoxyflavone, 5-hydroxy-7,3’,4’-trimethoxyflavone
B. larendana Apigenin 7-0-(6"’-O-E-p-coumaroyl)-glucoside, apigenin 7-O- [109]
(3’’-0-E-p-coumaroyl)-glucoside, apigenin 7-O-glucoside,
luteoline 7-O-glucoside
B. limbata Eupatorin [110]
B. nigra Ladanien [111]
Tangeretin [112]
Luteolin 7-O-glucosyl-lactate, luteolin 7-lactate [113]
B. pseudodictamnus ~ Chrysoeriol 7-O-(3’’-O-E-p-coumaroyl)-glucoside, chrysoeriol 7-  [109]
O-glucoside, apigenin 7-0-glucoside
Ladanien [115]
B. saxatilis Ladanein, 3,7,4’-trimethoxykaempferol, retusin [116]
B. undulata Luteolin 7-O-glucoside, diosmetin 7-O-glucoside, chrysoeriol 7- [98]
0-(6’’-E-p-coumaroyl)-glucoside, 3,7,3’-trimethoxyquercetin,
3,74’ -trimethoxykaempferol, 7,3’-dimethoxyluteolin, retusin
Luteolin 7-O-glucoside, apigenin 7-O-glucoside, quercetin 3-O- [117]
rutinoside
Phenylpropanoids:
B. acetobulosa Eutigoside A [105]
B. nigra Martynoside, forsythoside B, 7a-acetoxyroyleanone [111]
Acetoside, forsitoside B, arenarioside [118]
Ballotetroside [119]
Ballotetroside, forsythoside B, acetoside, allysonoside [99]
Alyssonoside, lavandulifolioside, angoroside A, (E)-caffeoylmalic ~ [120]
acid
B. pseudodictamnus ~ Acetoside, forsythoside B, (E)-caffeoylmalic acid [109]
B. undulata Forsythoside B, lysionotoside, acetoside, betonyoside F [98]
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Diterpenes:

B. acetobulosa 18-Hydroxyballonigrolide [121]

B. andreuzziana Hispanolone [115]

B. aucheri Perisianone [122]
Ballonigrin, ballotinone, balloaucherolide, secolabdane, 14-dien-6-one, [123]
7B-hydroxy-9p,13,15, 16-bis-epoxilabd-14-en-6-one, 63-hydroxy-15-
methoxy-9a,13,15, 16-bis-epoxilabdan-7-one, 15-epi-6B-hydroxy-15-
methoxy-9a,13,15,16-bis-epoxilabdan-7-one, 6B-hydroxy-15-ethoxy-
90,13,15, 16-biepoxi-labdan-7-one, 6B-hydroxy-15,16-epoxy-labda-
8,13(16), 14-trien-7-one

B. hispanica Hispanolone [124]
Hespaninic acid, hispanonic acid [125]
Hespanonic acid methyl ester [126]

B. inaequidens Hispanolone, ballonigrine [101]

B. lanata Ballonigrin, 13-hydroxyballonigrolide [127]

B. larendana Ballonigrin, dihydrohispanolene [128]

B. limbata Ballotenolide A, limbatenolide A-C [103]
Limbetazulon [129]
Ballotenic acid, ballodiolic acid [104]

B. nigra Ballotinone [130]
Ballonigrin, 7a-acetoxymarrubiin, ballotenol [131]
Ballotenol [132]
Preleosibirin [133]
13-Hydroxyballonigrolide [134]

B. pseudodictamnus  Ballonigrin, 18-hydroxyballonigrin, marrubenol [115]
Hispanolone, dihydrohispanolone [128]

B. rupestis Ballonigrin, ballonigrinone [131]
Rupestralic acid [135]

B. saxatilis 18-Hydroxyballonigrin [114]
Hispanolone, dehydrohespanolone, ballonigrin [102]

B. undulata 3B-Hydoxyballotinone, ballotinone, ballonigrin, ballonigrinone [108]

Volatile oils, phenolic acids, betaines, iridoides:

B. aucheri a-Cadinol, dehydroaromadendrane [137]

B. nigra Chlorogenic, caffeic, oxalic, aconitic, citric, ascorbic, malic, quinic, [99]
shikimic and fumaric acids

B. pseudodictamnus  Caryophyllene oxide, phytol, y-muurolene, a-copaene, - [136]
caryophyllene, B-cubebene

B. undulata Verminoside*, prolinebetaine**, hydroxyprolinebetaine** [98]

*iridoide, ** betaine
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ALl oL il

Q) Ay (adat
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W15 5y S« TLCGS ) ikl Wl 25l y S osmadly 5 il 2 gley SI liidl Calie Jlaxoly
A S seE (\M.w\.g lguas ok OlS o drens J.sa.e (: (daals 35LS Silica gel a5l Izl 3 gosl)
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Apigenin 7-O-B-glucoside (B1), apigenin 7-0-B-(6’’-O-E-p-coumaroyl)-glucoside (B2),
apigenin 7-O-B-(3’’-O-E-p-coumaroyl)-glucoside (B3), apigenin 7-O-B-(3’’, 6’’-O-di-E-p-
coumaroyl)-glucoside (B4), chrysoeriol 7-O-B-glucoside (BS), apigenin 6,8-di-C-glucoside

(vicenin-2) (B6), luteolin 7-O-B-glucoside (B7).
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Olidlll y mildl 4 A Jead
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2 SRV
Ri ALY ol od Lad e bl (alzz e 3 52l el LS L e O adl (3 Lz
G sl OLLT W ¢ bl anedl s Jo 5 i) G 2Vl o2 (SN 0
("H-NMR) 05755l gablidl) o35l 05 )1 OUBT I ciime 8157 o 5 gl 3 dmnnii]
Al B LAl (695l 0 ) ol GLLT (PC-NMR) 0 S bl (5531 0 ) UL
3 plp me Lde o) bl & lis ae (MS) 2SI GBLLT 1l 5 (HMBC <HMQC <COSY)
RNy

S b e 203 52320 sad &) L) e e el WLEY) el (3 Llesza)
365nm ix po Jsb dis domenil 35 axdY 0o o DS N O Gl F LS LY By
oS e (mp) eV dbs i3 & LS

s Marrubium deserti s» Lo sa5) G 5 Al C\;ﬁ{\ sda o W gadll LS omy wlad |l 4 ) ]
o9 pall die V) Lok sus19 5 e Gj\;d\ P o G ((Ballota hirsuta

iakoll dhod-! W& S Ll ity ghall
BAW?* 1-Butanol (4)/ acetic acid (1)/ H>O (5) Celulose
HOAc15%  HOACc (15)/ H,0O (85) /!
HOAc50%  HOAc (50)/ H>O (50) i
13/3/3/1 H,O (13) / MeOH (3)/ methylethylcetone (3)/ acetylacetone (1)  Polyamide
4/3/3 Toluene(4) / MeOH(3) / methylethylcetone(3) /!
EtOAc Ethylacetate Silica gel
D3M1 CH,Cl, (3)/ MeOH (1) i
D5M1 CH,Cl, (5)/ MeOH (1) I
D6M1 CH,Cl, (6)/ MeOH (1) /1
DOM1 CH.Cl; (9)/ MeOH (1) I
D15M1 CH,Cl, (15)/ MeOH (1) i

aan (S saanll gl ¥

Rp £V <ol o ot Blanal @ ) dalol) Lod) faiy -23-J g
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:Pituranthos chloranthus <\ o & sad) OLS A1 -1-4

P6, P5, P4, P3 Lewo i )1 5 5 ol 2l S LelST Ll s (3 im0 i Jo O ) ¢
Bl g il 8 gley SUI ailadl § Al e L am sy g Pituranthos Cuea)) o 5 0 J 9N Jais
:gnL@ngfd\gg;\upfjwa;w\u\\xj

P1 oS ol ikl 5 431 2 ey SN jailad -1-1-4

Isorhamnetin 3-O-p-glucoside

1) m.p. 184-186 C°

2) Colour under UV: Dark purple (on cellulose-tlc) 3 gaa (ol

3) Ry: 0.74(D3M1), 0.40 (BAW), 0.36 (HOAc15%)

4) UV-Visible:
MeOH 356 300sh 267sh 254, +NaOH 412 328 271, +AICl; 398sh 358 298 267,
+HCI 398 358 298 267, +NaOAc 378 321 274, +H3;BO;3 358 305sh 267sh 255

5) 'TH-NMR (CD;0D, 400MHz, 8, ppm):
7.94 (1H, d, J=2Hz, H2"), 7.59 (1H, dd, J=8.5, 2Hz, H6’), 6.91 (1H, d, J=8.5Hz, H5"), 6.40
(1H, d, J=2Hz, H8), 6.20 (1H, d, J=2Hz, H6), 5.41 (1H, d, J=7.5Hz, H1""), 3.95 (3H, s,
3’-OCHs), 3.75 (1H, dd, J=12, 2.3Hz, H6’*a), 3.57 (1H, dd, J=12, 5.6Hz, H6"’b), 3.50-3.22
(H2,H3’, H4", H5")

6) *C-NMR, DEPT135 (CD;0OD, 100MHz, &, ppm):
178.01 (Cq, C4), 164.58 (Cq, C7), 161.65 (Cq, C5), 157.24 (Cq, C9)’, 157.04 (Cq, C2)",
149.43 (Cq, C37), 146.98 (Cq, C4’), 133.93 (Cq, C3), 122.42 (CH, C6’), 121.68 (Cq, C1°),
114.58 (CH, C57), 112.98 (CH, C2"), 104.36 (Cq, C10) 102.27 (CH, C1°*), 98.48 (CH, C6),
93.35 (CH, C8), 77.12 (CH, C5’*), 76.67 (CH, C3’*), 74.53 (CH, C2’"), 70.10 (CH, C4”"),
61.16 (CHa, C6’*), 55.37 (CH3, 3°-OCHj3)

7) M.S-ESI* (m/z):
501.17 [M+Na] *, 479.18 [MH]", 317.11 [MH-glucose]"

M\L@@o&yoiﬁoﬁ;m)s*

P1 &S ol (6 gl ad) -2-1-4
S g gt ) 3 S w1 e J HOACIS% ded) o S ol Ry o 20 203
Gobedl oo ol 5k ey domuind 85 s\l o janl 04k isorhamnetin S o 5 S
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SN NG I SN U WO SO SR [ S0 S W W ST 2 N i (ST A PR oY
e 2150 4T5 L 356nm s [ dlanl) dag ael J glall (3 STl (32- JS4) kel 33
Glas)) Sl 2670m Lis sLS) 5 o 9 (Flavonol 3-OR) 3 o bl Jisius J 5 596 58 (S M of
Bl (3 83L) we Tabaald deag S50 215) jsgb 5 BYI e a1 4l B aalh) of e Ju T
A B3 JeeS 5500 35 5 A 5 NaOH 2L s 2 5211

Blo] day I Blaald 49 S5 1)) & gd> 9 NaOH @Lo] Jay 328nm s sdpdr dad | sgb
Y i 7 sl (3 b 95008 350y e OV J 5Ll (3 ey %) 20nm luis NaOAC
G JoeeS e 2y Jdo J5l) 3 S Gadas %)L (AICT; + HCL) 8L5| day 38U &y 75U
535

(AICI; + HCI) 5 (AICL) po S i @ )lie is n g S gop B3 OLE LoD (5 24 g (0
Jh & J gl 3 aider (NaOAC +H3BO3) o oS M Gk )lie e Bny ST 50L 213 LS 10S™
S STy S T el Ol e

sl o V) B B il 5y -33- S 3 0l bl (55l ) i 4]
7.59ppm s (J=8.5, 2Hz) &5l -a5l 5 ls] (H2'J 4@dlse  7.94ppm Ls (J=2Hz)isLi 5 La)
H5° ) sl 50 6.91ppm Jis (J=8.5Hz) &5U5 5,La) (HE' ) a3 4

$)La) sl otV ok 3500 (3 JeS e B sat gy o J HE'y H2 3] 00 g
6.4ppm L (J=2Hz) 7 ) 5 <l ol o9 WIS A ) 35y 6B 5 <3.95ppm s Aol
B JsH6 sH8 U3 6.2ppm

of e Jap & (I=7.5Hz) 0131 <aly S41ppm die 335 5,L) Jasl 5 Slonll (s en 531 0554
4L AU 5L ey 3.75ppm s HE a gb 5 B il (oo OS5 Sl oy e )
.(J=12, 5.6Hz) &5 -2l 5 ,Ls) ey 3.57ppm s H6™'b b Lze (J=12, 2.3Hz)

rpo ST (35-JS8) S ol DEPTI35 ik 5 (34-JS) 050 S puuibliall (55531 5 )1 b
M e Bl el s Bl ad F 6 5 05 805,522 T ARl ge 20322 ) 5eb e ST
[138]

21 g [M#Na]* I il oo m/z=501 Lis i > ad Load  Joel SM-ESTF Al (ol axgor 0 1]
m/z=317 dis iais iad GUIS 3 CpHpOpp st drea) Cnzidl so o [MH]' 488\ 50 m/z=479 Lis
132 PICS U 0f a8 5 el ol e (36-SK8) [MH-glucose]"— 431 4
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Isorhamnetin 3-0O-B-glucoside
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(CD;0D, 400MHz) P1 S -0 'TH-NMR _xb -33 -Jﬁ.‘z

(CD;0D, 100MHz) P1 S .l "C-NMR b -34- s

76



P1 S ) DEPT 135 & 4 (ab -35- s

P1 5 ol MS-EST* dSJ) (el -36- JSCa
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P2 oS ol Lkl 5 431 2 ey S jailad -3-1-4

Isorhamnetin 3-O-rutinoside

1) Colour under UV : Dark purple (on cellulose-tlc) 2swe i

2) R¢: 0.30 (D3M1), 0.35 (BAW), 0.55 (HOAc15%)

3) UV-Visible :
MeOH 357 300sh 267sh 254, +NaOH 415 329 271, +AICl; 398sh 361 300 267,
+HCI 398 359 300sh 267, +NaOAc 384 320 274, +H3;BO3 359 304sh 267sh 255.

4) 'TH-NMR (CDs0D, 400MHz, &, ppm):
7.96 (1H, d, J=2Hz, H2’), 7.65 (1H, dd, J=8.4, 2Hz, H6’), 6.94 (1H, d, J=8.4Hz, HS’),
6.37 (1H, d, J=2Hz, HS), 6.18 (1H, d, J=2Hz, H6), 5.19 (1H, d, J=7.6Hz, H1""), 4.54 (1H,
d, J=1.2Hz, H1’*’), 3.95 (3H, s, 3’-OCH3), 3.83 (1H, d, J=10.4Hz, H6’"a), 3.64 (1H, dd,
J=3.2, 1.6Hz, H2"""), 3.50 (1H, dd, J=10.4, 3.6Hz, H6’’b), 3.23-3.50 (H2"’, H3"’, H4"’,
H5’, H3>’, H4”’, H5"""), 1.12 (3H, d, J=6Hz, H6""").

5) *C-NMR (CD;OD, 100MHz, 8, ppm):
178.20 (C4), 165.0 (C7), 162.05 (C5), 157.30 (C2)", 157.04 (C9)", 149.40 (C3"), 146.97
(C4’), 133.75 (C3), 122.59 (C6’), 121.54 (C1’), 114.75 (C5’), 113.11 (C2’), 103.26(C1"’,
C10) 101.13 (C1°"*), 98.50 (C6), 93.25 (C8), 76.79 (C5°*) T, 75.93 (C3**) ', 74.47 (C2),
72.44 (C2’),70.85 (C4°°) %, 70.67 (C37°*) %, 70.19 (C4°**) ¥, 68.39 (C5°*), 67.17 (C6”),
55.35 (3’-OCH3), 16.49 (C6’”’)

6) MS-ESI'* (m/7):
647.16 [M+Na]*

an O Lpaans W O (S8 o I ks Lgede 28 00 Sl O i o F 1

P2 S poll (6 gl i) 4-1-4

SN Ol el (37-JK8) dmmindl 35 and Y OLLY andly P1 pludl oSl Bl Lo
Losy 4767 65wl bl (35 > DS 9,8 555 5 o (Flavonol-3-OR) 3 wo sl Juts J 55 5225 o
(Jhten 31 a5l oSy e

W pmed) aad) 5 Sl e S o s Jas HOACI5% o oS el Ry e Uf
isorhamnetin S s 1) BLa| 5l ) 5 S (5 S

s cp Sl gbT (39 5 38-JSKa) Sl TH-NMR 0555l bl g 55l 06 ) b
gy LM o (6 Sl e (3 Oy g e (1S R B PT OS5 ST
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ol e Ju (J=7.5Hz) 031 <l 5.26ppm e 5SGll Sd LW oo sl 500 Lol
oF e Jay J=1.2Hz) 0131 ks 4.54ppm s sl Sl Sed a5 B adayl 0,V Lo o
L 12ppm e (J=6Hz) 3515 5,Lab 5yl ) e eb g @ ala, o 55Ut 5 oY1 s o e )
SSGE 5 el I cp dlal ) 0T ATy 1.12ppm dis HE 5 )Ls) 5 4.54ppm s HI77 5,La) el
[3.8-3.2] alaill 3 oS8 sl g 5SS DUy L) Ak (106) (2 [139]

SN 5 Ky ST LS Ll ST e o Sl g i 05T STl PC-NMR i
i UL CO7 05 S 8,La) Ll Cadall s o3 3 LaDU g Lab &l ol LaY) Y e 5l )1
g e LS g s el S byl S s L (PICS A me Lzeds %)) 67.17ppm ais|
utinosyl s& S A e 6 S ¢ A OF

38l 5e 5 (40-JSK2) [M4Na]" — 4850 m/z= 647 Lo 4% 4d ed el MS-EST" ) (il
s P2 S M 01808 50 5 CogHppOyg ahest drpa)

Isorhamnetin 3-0-(6’’-0-a-rhamnosyl)-B-glucoside

(Isorhamnetin 3-O-rutinoside)
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P2 S U UV 2ik)) el -37- Ko

(CD;0D, 400MHz) P2 S -l "TH-NMR _xb -38- |2
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P3 S ol Lkl 5 431 2 ey SN jailad) -5-1-4

Tamarixetin 3-O-p-glucoside

1) Colour under UV : Dark purple (on cellulose-tlc) 2 suwa (oamdiy

2) R¢: 0.76 (D3M1), 0.25 (BAW), 0.32 (HOAc15%)

3) UV-Visible:
MeOH 349 267sh 255, +NaOH 391" 315sh 272, +AICl; 395sh 356 300sh 267, +HCI 396
355 300sh 268, +NaOAc 369 322 274, +H3BO3 355 267sh 256

4) 'TH-NMR (CDs0OD, 250MHz, 5, ppm):
7.71 (2H, m, H2’, H6"), 7.06 (1H, d, J=9.1Hz, H5’), 6.25 (1H, d, J=1.9Hz, HS8), 6.10 (1H,
d, J=1.9Hz, H6), 5.16 (1H, d, J=7.2Hz, H1""), 3.95 (3H, s, 4’-OCH3), 3.25-3.80 (H2"’,
H3’’,H4’’,H5’, H6’’)

5) ML.S-ESI" (m/7):
501.15 [M+Na]*, 338.37 [M+Na-glucose]"

Iawgwxsmxgow@*

P3 S ol (6 sl (end) -6-1-4

SR S asl aedl el (S &T e s HOACTS% Aokl o S ,oll Ry e
e Ju L 349nm e Tataal 2 el Jplel) (3 STl (41 JSK8) dmaindl G 56 ansY1 Cab
3 w2l 3 iz J %6 o 0696 L] e (S O

Gag S Sl A3l peb g ) A0S B aald) O e Jag T alan)l Cil% (2675h) s Ll 5 5
A WA 3 JeS gdp 5y pds A5 NaOH L] day &5 52l 302l (3 Olad ae T Lzl
Cib 3 3120m Lis sU5 3y xe 20nm S NaOAC 85| doy 1T laaall 2ny S 5L 215) & gl
s Tabanll Gny S50 a3l 50y T &1 3 > JouS 5 en 355 (Je OV NaOH e ST
G JeS e 3y e Ju JSll) 3 ek o (AICK + HCD 357y ¢ S Gk )l
5 &3l

zLs oLe 5 dg e (AICL + HCD) 5 (AICL) po oS A b & )lis s Bn g S gnes 315 LS
o Ju T ae e ISkl 3 il (NaOAC +H3BO3) oo oS G 3l e oy S50
S G S g )bl G gl de e LS
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el o JzeY) 35U B ddls 5y bl (42- IS8) CD30D a3 ) TH-NMR i
O o &3 JouS 20 B2t gy (e oy & 771ppm ks HE' 5 HY' 0w sl (3,08
3 B 3 JeS aten 51 3 54 el 3 oS s 5 sest L gy s 55 sb Laglotls

£ i pandt aadl 5 Aot B b AndY) Bllas 5w o Y ga 4 MG S e
5)ls| ey Ay IS H6 5 H8 b LS (7.06ppm s HS 05790 4l s (J=9.1Hz) &L 5 L)
BT 5 )lal 47 3 JeS 2l de ez clael 5 U e 6.1ppm 5 6.25ppm L (J=1.9Hz) 453
.3.95ppm s

B g o) on sl g 805750 5.16ppm s (J=7.2Hz) 255 5 ,L8) Jael 5 SClanl) (6500 531 0 59
[3.80-3.25ppm] JI&1 3 Sk S by sl ik @S £ Laag 0501 5SSO oy
[M+Na] * 0 oM @3 pe m/z=501 Lis at o ad &ad Joel Sl (MS-ESI") aksll il 1
) al g m/z=338 dis adais ded  (43- 1SKa)) CoHpO)s dhastl dreall J 571 OF 3057 5

2 P3 s L ob LWL [M+Na—glucose]*

Tamarixetin 3-O-p-glucoside

HO

HO
OH

Bae da abab @5 5 P oS L e L (3 %20 5 ¥ Ay 1550 50 O P3 (S0 O () s
(D5M1) kel »» Silica gel GFasq o (TLC) a2 ) dadall Ll 2 5lay 87 Jlanzaly 2l wlles
Pituranthos ) o oS M e fuad o5 5 s Jl edgs Lale v
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P3 S U UV dadll dedld) -41- S

(CD;0OD, 250MHz) P3 S -l '"H-.NMR b -42- S
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[M+Na-glucose]*

[M+Na]*

P3 S ol MS-EST" a1 (b -43- IS
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P4 S ol Lakll 5 431 2 ey SN jailad) -7-1-4

Apigenin 6,8-di-C-f-glucoside

1) Colour under UV : Purple (on cellulose-tlc) s

2) R¢: 0.04 (BAW), 0.02 (4/3/3), 0.06 (D3M1), 0.45 (HOAc15%), 0.67 (13/3/3/1)

3) UV-Visible :
MeOH 333 274, +NaOH 401 334 283, +AICl; 392sh 342 305 277, +HCI 396sh 345 304
280, +NaOAc 400sh 383sh 347 308sh 280, +H3;BO3 400sh 383 347 308sh 276

4) "H-NMR (DMSO-dg, 250MHz, 8, ppm):
8.01 (2H, d, J=8.7Hz, H2’, H6’), 6.91 (2H, d, J=8.6Hz, H3’, HS’), 6.78 (1H, s, H3),
4.80 (1H, d, J=9.7Hz, H1”’/ H1°"*), 4.75 (1H, d, J=9.8Hz, H1’"’/ H1""), 3.1-4.9 (12H,
glucoses)

5) *C-NMR (DMSO-ds, 62.5MHz, 5, ppm):
182.72 (C4), 164.55 (C2), 161.42(C7), 161.0 (C4’), 158.0 (C5), 155.54 (C9), 129.46
(C2’,C6), 121.91 (C1’), 116.27 (C3°, C5’), 107.58 (C6), 105.54 (C10), 104.30 (C8),
103.09 (C3), 60- 82 ppm (12 carbons of glucoses)

6) M.S-ESI*(m/7):
617.24 [M+Na]", 595.26 [MH]", 271.22 [MH-2xglucose]"

P4 S ol (6 god) ! -8-1-4

sdaze 4 S LT LT e Jws (13/3/3/1) 5 (HOAC15%) o) (3 S ald Red i 10 i
<l x pds OF LS (Cglycoside) ¢ i) o S0 OF o Juy o af g pas Sl
o st oSN O e J (HOACIS%) Aot s pzedl aadl dn 5 13 (Sl LAY
856 0wl (3 e S

Ls s 2y [MH] ) 4l 5o m/e=595 Lis i and Lad el S M) (MS-EST) ) b
ihis e (U 8Lo] CyrH301s 2hel dapall Sl OF 09uS 50 [M+Na]* —J 483 50 m/z=617
(AT-J5) SN e Sl I el 838 e /2271 s a3 e 5 ]

e J333nm s T ol dlas Jasl J5ldl 3 08 ol (44- i) i) G ansY) (i
[(Flavone) 0 5% 5o S U e 3 Sl Y16 540 0

JoeS 9 )ep 3520 5 2S5 NaOH 2Lo] oy T laal] 23 5201 50201 (3 8305 o Bn g ST 5L 2] & o

A1) &g ST 5 el e e 334nm Jis S 3 5 5gb OB 6 2T B e 47 WL G -
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OIS 5 LagelS™ J5led) 3 870 Cab (3 Lgzay 4 5lie NaOAC L) Ay 1T lasld (8nm)as s S 5l
T2 G S ke 2y

J5dl @ aib 5 (AICL +HCD) pr 50 G 3 )l i (63nm) s T baaal) &ey 87450 21 5)
Sebsl g lal - STy der sy e J

o (AICLy) s aib § (AICL +HCI) o oSN (b & las e T liaall Bay S s 3V LS
5 ke (NaOAc +H3BO3) 8Lo| dn T &ilasll a8l 213 550y ade 62 4 o0 5 dg
SN e oS 5 U 5T e e DL OIS 58 Sl L slel) Calall

W aplel 3l b pe SN e SV e B ST (454 JS) H-NMR &3Lks
I wadl 50 6,91, 8.01ppm Lis (J=8.7Hz) Uuiils o ,Lal ) seb SUIST s H3 O 5 9 1) 4431 54 6.78ppm
.apigenin JSoa 355 5 55 50 5 i Al Je (H3', HS') 5 (H2’, H6')

& S 4.75,4.80ppm die e 5V 8 5 gl 3L IV e mid ST e o Sl 6 L
Aoyl Logbli )| e oy (580 JW) £ HI™? HIY ()L 2 U5l e (J=9.7Hz) £ 515l S
aaladl) (3 WB1,L8) @S e Uyl ik LIl Jo 8 56 cnmd sl 3 0 SV (C-0)
.[4.9-3.1ppm]

P4 S ol aomniidl G5 ana) OLLT 44 S
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osb e SN as ©uST [138] ol ae DMSO-d wude ¢ il PC-NMR i s
o JST 00 a3 [103-182.72ppm] aakedd 3 S0 e 3 Sl e mell 0 S 3 s
Ll e Jouy e Jsdh e 105.54, 107.58ppm s =il 5 il Sl ) b= 51 C8, C6 3 ,L5)
5C6 ro 5,5 mog B 161,42, 158ppm el Jl2 1) C7, C5 L8] Z L) B> 5 OWtzms
L(46- ) €8

& oS e gV 0 S ol L LS (6 S 0 S s o)l e OF Lo LT
g or o S 6 Sy 0 YI  alal 3 O (2T 8 e A5 L [60-82.08ppm] diki)
12 P4 LS LG LWL 5 (C-C)

Apigenin 6,8-di-C-f-glucoside (Vicenin-2)
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(DMSO-dg, 250MHz) P4 S -l '"H-NMR b -45- |Ss

(DMSO-dg, 62.5MHz) P4 _S .l "C-NMR b -46- o
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[MH-2glu]+ [M+Na]+

[MH]+ oH

OH

P4 S U MS-EST* kS b -47- S
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P5 S ol dndall 5 431 8 gl y SOV 2ilad) -9-1-4

Scopoletin
1) Colour under UV : Blue bright (on silica gel-tlc under 365nm) a=¥ G3_l
2) 'TH-NMR (CDCl;, 400MHz, 5, ppm):
7.61 (1H, d, J=9.5Hz, H4), 6.94 (1H, s, H8), 6.86 (1H, s, HS), 6.29 (1H, d, J=9.5Hz, H3)
3.98 (3H, s, 7-OCHj3)
3) M.S-ESI" (m/7):
193 .06 [MH]"

PSS ol (6 god) ) -10-1-4

¢ Silica gel GFasy o 323 M) aidal) W12 5l g 57 Jlaminly o) 559, 801 5k e 570 Vs fad &
.o2kenS” CHyCly s

3,48 ws e alazanl (oY GoJf) Rmeitd) B 2Vl o (SN 0 e sleeVU
O Loy ol S il s bl o2 ) 8Lo| ((Silica gel oo el 5sb ey b sl
& (49-0S8) Ba e 4 23 Jasl (MS-EST) &S (b «(Coumarin) oybesS” oS4 05
IMH]* S 3351 g0 m/z=193 dis i) aedl L

& o @l He 38l 5 7.61ppm e (J=9.3Hz) 4315 5 L) asl (48- S5) 'H-NMR b
Lie sl 5 )Ll 3 g 5 w0 6.29ppm is (J=9.5Hz) &5LsST W) ga glay VI HB 0555 5
3.98ppm i JS s 35 pest L8] Vgl 5 L1530 e HS, H8 (357550 09815 6.86 5 6.94ppm
058 97 w2 oS sl e gast LS5l e 3 Tppm x50 U2 3 &8 HB 055y 5,L5) OY ) b
PSS

Scopoletin

5 4

HeCO™ 7 2"9~0" o
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(CDCls, 400MHz) P5 S -l "H-NMR b -48- |Ss

[MH]+

P5 S I MS-EST* alsSl il -49- 1SCs
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:P6 JJA.U ddtall ) lﬁ\}j}'u)ﬂ\ dm‘\nﬂ}" -11-1-4

Hexane-1, 2, 3, 4, 5, 6-hexol
(L-Iditol)
1) m.p. 161- 164c°
2) 'H-NMR (D0, 250MHz, &, ppm):
3.52-3.82
3) PC-NMR (DMSO-ds, 62.5MHz, 5, ppm):
71.7,70.0, 64.21

9wl e 185 gl S aaflax s @5y Jbse -1 55k 3 sk ol Sty e Jpaddl ¢
-JS8) D0 e 3 ) THANMR ik 8 ST lgig o L] o83 s 306 1 s
DMSO-ds e (3 =l 05 S Cab OF cam (3 Lt Logd dlze [3.52-3.82ppm] JW1 (2 (50
Ly oSN ol ma OF e oy s 717, 70, 64.21ppm e pad & el (51-JK8)

(POlyols) S 53l sdaze S o alal Wil 5 oSy ben e gast Lgde 050 S )4

Ho—&H—H
H—31—oH
HoO—H——n
H—3—oH
H1, H2, H3, CHOH
H4, H5, H6
5

(D;0, 250MHz) P6 S -l '"H-NMR b -50- S
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(DMSO-dg, 62.5MHz) P6 S .l PC-NMR b -51 - s

(acetylation) el s S SUsign on Bl ol s — b Je J gl

N
S
—_— >

[OH] X acetic anhydride

[0COCH; | .
ARl ren 25K 3 s e s OUT S e e P sl e s Lo
) a5 5,

Hexacetyl-L-iditol
1) m.p. 120-122C°
2) 'TH-NMR (CDCls, 250MHz, 5, ppm):
5.40 (2H, d, J=8.7Hz, H3, H4), 5.02 (2H, m, H2, H5), 4.20 (2H, dd, J=12.5, 2.7Hz, Hla,
Hé6a), 4.06 (2H, dd, J=12.5, 5.1Hz, H1b, H6b), 2.04 (6H, s, 3-CH3, 4-CH3), 2.03 (6H, s, 2-
CHs, 5-CH3), 2.0 (6H, s, 1-CH3, 6-CHs)
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3) BC-NMR (CDCl;, 62.5MHz, 8, ppm):
170.49 (Cq, 1-CO, 6-CO), 169.83 (Cq, 2-CO, 5-CO), 169.62 (Cq, 3-CO, 4-CO),
67.74 (CH, C2, C5), 67.29 (CH, C3, C4), 61.75 (CH,, C1, C6), 20.79 (CH3, 2-CH3, 5-
CH3), 20.61 (CHs, 1-CH3, 6-CH3), 20.51 (CHs, 3-CH3, 4-CHs)

4) M.S-ESI* (m/z):
457.17 [M+Nal*, 375.15 [MH-CH3CO,H]"

P6 S pold (6 sl (pead) -12-1-4

i e b ded Josl (57-JKadly & MS-ESIY alsSJl (il 0L (oS (acetylation) akiel ides day
) Al e 3255 23 g C1gHp010 S ol ahastl @)l 3457 g0 [M4+Na] ) 428l 50 m/z=457 dis
.m/z=375 Lis [MH-CH;CO,H]"

-52- K2 (3 TH-NMR Gl (3 andl Liams oy 3elan PG ) gzl Sl o gl LS

O BN ds S.4ppm ke (J=8.7Hz) &5W5 3,Lal (H4, H3) a5y, Jasl om oo ote 285
A 5.02ppm e Sadaze 3L St | gh V) s (HS, H2) 3550z O g Lo o)
.(H6b, H1b) 5 (H6a, Hla) ©U 535 as Ll Lkl 3

e (J=12.5, 2.7Hz) 355 45U 5 )ls] (Sey 4.2ppm e (8K (H6a, Hla) G590 40
3 S 5 la) (e 4.06ppm e W) 55 gl 5 (H6D, HIb) 5 (HS, H2) e Loafl )
Yl Ol ot Gty e Olegast dnnd Al ge o)Ll B o gb 1=l ((J=12.5, 5.1Hz)
(SN NSy s dag L

SN 08 ) e o la) SN sl (53-022) CDCly e & il PC-NMR i
(CH) 0l 5L 0L ) 5 (C1, C6)— &l 10 61.75ppm s (CHp) &5l 0587 (3, alas| oY)
DEPTI135 & Cab st i Jl Je (€2, C5) 5 (C3, C4)— il 50 67.74, 67.29ppm s
Sy (20,79, 20.61, 20.51ppm) ks fael Ole et Ml o jls) SO Sls b wLs|
.(170.49, 169.83, 169.62ppm) s |iwYl wls gast i 5 S s =F ol L)

by -54- Sl 3 COSY(H, H) dodl 851 ucbliad) 59l 0o ) )18 GLbT e slazeL
Bl il E el ) OS5 N B ad e WSS -56- K2 8 HMBC cab 5 -55- 1) 3 HMQC
o 0,55 LU 5 58-Sl (3 (RX) i) 2830 iy a0l wis 4SS 5 STl 22140
1 Wl Pea oS
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CH,OCOCH;

HsCOCO——H
H—1—OCOCHs;
HyCOCO——H
H—1—OCOCH;
CH,OCOCH;

Hexacetyl-L-iditol

(Leditol) Ko 38 05 gl Sl e dlad @ UV P6 LoV ST L 0T sy e

CH,OH
HO——H
H——OH
HO——H
H——OH
CH,OH

& mannitol S 355 L) $,LaY) b af et e S AW e 80 J5Y ek Leiditol oS
ade Ol 1SS ST 0 ‘_,Q [11] Pituranthos tortuosus <\

pi ol as b kae Osash 3 Bl O b e dlental s L) (3 S bl 15 (ST U s s e
W SR S8y el 3 el
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(CDCl3, 250MHz) P6a S -l 'H-NMR _ib -52- K&

(CDCl3, 62.5MHz) P6a S .l PC-NMR b -53- IS
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P6a S - HH-COSY <& ik -54- s

P6a _S . HMQC — £ (il -55- S
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HMBC 010 xnl| COCLISTHS &
'] ~ B
i
&0
i } ﬂ I ﬁ I
L] ll |
ﬁ— : E 70
£ HAOG00 Hy i
HE0o0 ———H
E O
HE0o0 ———H I
I i
H——oCoGH)
G HAOG00 Hy
e
T b g e B, L
[=]=1] 5 A b | 4

P6a _S U HMBC — ¥ (ab -56- s

[MH-CH,CO,HJ*

‘ [M+Na]*

i CH,OCOCH;3
HsCOCO————H
H————0COCH,
HyCOCO————H
H OCOCH;Z
l ‘ ‘ CH,0OCOCH;

P6a S I MS-EST* s (ol -57- |
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i ) C1 &l
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C12 (s Tl 5 i
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S : N o 2
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— 03
e ] - Ay Ol A
| caz Kl =] ‘,. = i qﬁ; 4z
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E L 15 1= "i’ a) &
: o3t < )
b v . ® .
S
]
4
- ‘f
g o fe .
& f - o
$ O ':'5‘51"" * cs {54 'S '
= (A< & 0
1 L'52 . o6 5:{_:;"
5 Tj s -]
=
s .
T o
Z -13  C18 H26 012 WART SAKK2I RES= 0 -B2 X

RX anily Ll dxy P62 5 1) drs -58- 1S

Sl e W peadl) (59 JSally Sl S (5 5 ¢ Lot ke ~ 381 & il oda e slazeNL
Ao ) ol e gkl o) (35,557 [8] 5 [5] e\ AL casis| B s Pituranthos chloranthus
el aoLall ol ad 3
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OH
o

6
OH 0
OH © (—?AM
OH

SAM
UDP-Gle SAH 5 QCHs
SAH OH
UDP
HO o
UDP-Gle O |
UDP ) oH
OH O
UDP-Gle

Apigenin 6,8-di-C-glucoside (P4)

OH O
Isorhamnetin 3-O-glucoside (P1)

Tamarixetin 3-O-glucoside (P3)

UDP-Rham

8 (» OCH;
UDP

OH O

: Chalcone isomerase

: Flavonoid 3-hydroxylase e
: Flavonoid oxydase

: Flavonoid 3'-hydroxylase

: S-adenosyl-L-methionine: flavonoid 3'-O-methyltransferase

: S-adenosyl-L-methionine: flavonoid 4'-O-methyltransferase

: UDP-glucose: flavonoid 3-O-glucosyltransferase

: UDP-rhamnose: flavonoid 3 -O-rhmnosylyltransferase

0NN B W=

Pituranthos chloranthus <\ <1ig 35 6 5 ¢ Lo # il Ll -59- s
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:Solenostemma argel <\ o & s2dl) OLS M 224
i JoN ey S4 Lsid ek sl ey 83,82, ST ol 526 B e O adl 5 fuab &
)l s

S1 &S ol Badall 5 &1 2 gl y SO 2iladl -1-2-4

Kaempferol
1) Colour under UV: Yellow (on cellulose-tlc) il
2) R¢: 0.63 (BAW), 0.04 (HOAc15%), 0.9 (D9M1), 0.45 (D15M1)
3) UV-Visible:
MeOH 367 325 300sh 267 250sh, +NaOH 421 316 279, + AlCl; 424 350 304 269,
+ HCl1 425 349 304 269, +NaOAc 375 309 271, +H3sBO; 368 324 267
4) 'TH-NMR (CDs0D, 270MHz, §, ppm):
8.06 (2H, d, J=8.9Hz, H2’, H6’), 6.88 (2H, d, J=8.9Hz, H3’, H5"), 6.37 (1H, d, J=1.8Hz,
HS), 6.15 (1H, d, J=1.6Hz, H6)
5) *C-NMR (CD;OD, 67.5MHz, &, ppm):
177.27 (C4), 165.52 (C7), 162.45 (C5), 160.49 (C4’), 158.16 (C9), 147.92 (C2), 132.37
(C3), 130.64 (C2’, C6’), 123.67 (C17), 116.25 (C3’, C5’), 104.50 (C10), 99.21 (C6), 94.41
(C8)
6) MS-ESI (m/z):
284.7 [M-H]*

:S1 &S ol (8 ged! Cpenill -2-2-4

OV 367nm e J5ldl (3 T alas)l 2ad 4] BLo] doneiid) 3 a3V o (Sl 20N 04l
3aill 3 Sk e s U0 Al e

i pe 5 [M-H]™ O m/z=285 dis i o and id cdasl MS-EST ainy (63- S)alsll asllas
.C15H 00 <5 ol dag dxa)

35y & Jd NaOH 2L day 382l suall 3 6oL po T alaall 20l 5 S (ol #1350
sy Jo Ju il s e 3l6nm e Sl 3 b 5 4 modl 3 LS g0
& Ll %)l NaOAC BLo) day 1T Bliasl) L 5L Mo Sl o7 ARt Laf > S5 s
A J sk

e skl @ oaik m)lis (AICIHHCD) BLo| d T 2lasl ol 5 oS0 b L5
See Al 3 JeeS ke 25y
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1S 5 (AICL; + HCI) g 5 (AICL) o oS4 b & )lis e Tabaall o S s #L5Y OLE
& 0¥ (NaOAc + H3BO3) 8lo) dny o Jsilll 3T ol 6 s e S i 3 )lae e
(60-JS08) JomnS g bl S 5, pls LS

<ot 8.06ppm s B 3kl U g5 g ) sl L) 55 g bl (61-K8) oS ol 'TH-NMR (b
(H3’, H5’)— &l 6.88ppm s 5 (H2’, H6’)— 443l 5 (J=8.9Hz) O 3

s H6 s H8 J @il 5o (J=1.6Hz) - 515 <y 6.15, 6.37ppm e A &l (359 1) oudld (Lo
kaempferol S sl LT o & L1 53

S1 S Ll UV aidll 2l -60- 1S

O3 eed Ll el e Sl Al S aal) (62-JK8) PCNMR Gk aST Lz
L}L:Jb. 5 [138] C;.-\J,\\ e slesVL ekl 3 K- ) Lds ¢ 48 5 kaempferol s A Oﬁﬂ\
FEI) ELIE
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Kaempferol

4h1 (1H-NMR, CD30D, 270MHz)

£3 28 E£8=S &
o o vRe el ¥
|/ / [/ |
f f [/
f f / l.r
2.2 22 i
= i |
; ; 1.0 1.0 |
| | o |
| J !
|I | | i
2,6 H3,5 HE  HE M
- 4 J

3.299

i

T 1 T T 1 T ] T T | L | | 1 ] 1 1 | ] L] 1 L] | T L T T | T | L T | T T T T I | T L T | T T ] ] i 1 L]

7o 65 L] g Ly d %

(CD;0D, 270MHz) S1 S ol 'H-NMR b -61- S

| R} T5
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(CD;0D, 67.5MHz) S1 <5 -l "C-NMR b -62- |2

S1 S - (MS-EST) aSl ol -63- K
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182 &S ol Bpddall 5 &1 2 gl y S 2iladl -3-2-4

Kaempferol 3-O-p-glucoside

1) Colour under UV : Dark-purple (on cellulose-tlc) 2 s (oamdh

2) R¢: 0.70 (BAW), 0.50 (HOAc15%), 0.54 (D5SM1)

3) UV Visible :
MeOH 348 326sh 300sh 267, +NaOH 402 322 275, +AlICl; 395sh 348 304 269, +HCI1 392
348 304 273, +NaOAc 374 304 274, +H3BO3 353 329sh 267

4) 'TH-NMR (CDs0D, 250MHz, §, ppm):
8.07 (2H, d, J=9Hz, H2’, H6’), 6.91 (2H, d, J=9Hz, H3’, H5’), 6.42 (1H, d, J=2.1Hz,
HS), 6.22 (1H, d, J=2.1Hz, H6), 5.24 (1H, d, J=7.5Hz, H1*"), 3.72 (1H, dd, J=11.9, 2.1Hz,
H6’’a), 3.55 (1H, dd, J=11.9, 5.2Hz, H6’’b), 3.2 — 3.8 (4H, H2’’, H3’’, H4*’, H5"’)

5) ¥C-NMR (CD;0D, 62.5MHz, §, ppm):
178.08 (C4), 164.62 (C7), 161.57 (C5), 160.11 (C4), 157.69 (C2)", 157.05 (C9)", 133.99
(C3), 130.86 (C2’, C6’), 121.34 (C17), 114.69 (C3’, C5’), 104.27 (C10), 102.60 (C1°"),
98.52 (C6), 93.38 (C8), 76.75 (C5’’), 76.54 (C3’’), 74.27 (C2*’), 69.86 (C4*’), 61.13 (C6™’)

e any O £ 0T Se 057 @l ¥

82 &S pold (6 grd) pendl -4-2-4

f Sl i) Oy S ST 0T e J5 (HOAC5%) Akl (3 Ry — da o
sl (Flavone) 0% &l Je Ju 348nm e Jsldl 3 T alan)l el 5 domain)) 35 ansy)
3 g2l 3 itz (Flavonol) J 5 555

saidl 3 5545 ae NaOH L] dny (54nm)— [ Glasll osadly 5 ST (al) oy S50 A1)
322nm Lo Joldll s e B 23 ) 5eb 5 4T w25l 3 JeeS s Sy e U A5
po N @ oS 50 3 g 5 OS5 NaOAc 5Lo| dn (Tnm)— T &basll a5 S50 ~L 51 1S
7

& SN Gk 1l 1S 5 ag e (AICT + HCD) oo 4ib 5 (AICT) pr oS0 Gk 3,
Sy e S5 W el Z L5 T Olé s (NaOAc + H3BO3) Jelill 54 50 aib oe J il
(64-J508) ST e oSy bl S 5 of plles

(AICI; + HCD) Jolll o 8™ A1 Lk & )lin is (44nm) s T 2laad - U5l oS5 (6 o+ 2gr o0
Sl G S g sy Jo A W J S G b o
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d 3 desN a OSSN e o SN b as aST (66 <65- 1K) Sl THNMR il
O5sn) ByLak By o Sl ) wiila] sl 5 kaempferol S oLl b e O
oo Bkl 3y e J L (J=7.5Hz) 0130 <l 5.24ppm e SR S (HI) (50059
[3.2-3.8ppm] aiaidl (3 w5 e S S w5y ik W OS5 S S

— Aol ) b il JB SN B g e IS8T (67-JS05) ST PC-NMR i
[138] gl A e slazeVl Cael) 3 B 5 08 & 55 ol s o & ¢l kaempferol
C-35,Ls] #Ljyl &> 0 PC-NMR b (3 345 kaempferol — Sl S bls ) wis s
bl ST e (10ppm) L2 Cims JI2 52 C25)L8) U5y el Jl2 o2 (2ppm) s,
WL 82 SN 0K 5 0SS 3 05 S 5 S S bl ST e

Kaempferol 3-0O-B-glucoside (Astragalin)

HO

HO
OH
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+AICEE
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l % e \
Y [’ N
i \ \\ N
E Ll I S N o UL va.a0al_, o ———
238.8 R L ¥ r 238.8 S58.0LHN-DIN, )
12500 = +HE0 A
5 +Mad Ac+HIBO3
i
| & ’ﬁ\
- y » o
RiEE L, i | B & F
\ '!| - T’
¥ A= .H#}:
.
i M v
:F- B B e LA ) T — |
238.8 B¢ HH :
$2 S LUV aikll aluldi -64 - S

(CD;0D, 250MHz) S2 5 ol '"H-NMR il -65- S
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S2 S U 'H-NMR b o 25l o Y dilanl) S5 -66- i

(CD;0D, 62.5MHz) 82 S ol "C-NMR il -67- S
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1S3 &S ol Apadall 5 &1 2 gl y SN 2iladl -5-2-4

Kaempferol 3-0-(2’’-0-a-rhamnosyl)-p-glucoside

1) Colour under UV: Dark purple (on cellulose-tlc) 2 sua oaasdiy
2) R¢: 0.67 (BAW), 0.85 (HOAc15%), 0.21 (D3M1), 0.13 (D5M1)
3) UV-Visible:
MeOH 348 324sh 266, +NaOH 396 324 274, +AlICl; 391 348 304 274, +HCI 396
348 303 275, +NaOAc 362 304 273, +H3;BO; 348 317 267
4) "TH-NMR (CD;0D, 270MHz, §, ppm):
8.0 (2H, d, J=8.9Hz, H2’, H6’), 6.84 (2H, d, J=8.6Hz, H3’, H5’), 6.33 (1H, d, J=2.1Hz,
H8), 6.13 (1H, d, J=2.1Hz, H6), 5.71 (1H, d, J=7.3Hz, H1"’*), 5.19 (1H, d, J=1.3Hz, H
1’"7), 3.20 — 4.08 (10H, protons of glucose + rhamnose), 0.92 (3H, d, J=5.6Hz, H6’"").
5) ¥C-NMR (CD;0D, 67.5MHz, &, ppm):
179.59 (C4), 165.85(C7), 163.41 (C5), 161.55 (C4’), 158.70 (C2)", 158.63 (C9)', 134.66
(C3), 132.38 (C2’, C6’), 123.35 (C1’), 116.35 (C3’, C5’), 106.22 (C10), 102.91 (C1*"),
100.49 (C1°°7), 99.94 (C6), 94.84 (C8), 80.33 (C2’’), 79.24 (C5’), 778.69 (C3”’), 74.31
(C4°7%), 72.68 (C4°*) ¥, 72.57 (C3°) ¥, 72.09 (C2°°*) ¥, 70.23 (C5°*), 62.91 (C6°*), 17.90
(C6™)
6) MS-ESI (m/z):
ESI*: 595.0 [MH]", 448.9 [MH-rhamnose]", 286.9 [MH -(glucose+rhamnose)]*
ESI': 593.0 [M-H]*
om0 L 12 0F (S5 ) ek e S350 00 S0 s of o Pt

183 &S pell (6 el (et -6-2-4
bl E S i )5Sl bl Wl e Ja5 HOACTS% 3hodl (3 ALEY) cold) dnis o 3ad
e O o 82 Gl (ST e S odl ks sa (68- IS8 Aomiid) B Eas )

3 g2l Jizes Kaempferol ! oS 52 djgﬂb-y\

el o (69-K2) 6 Sl 6 A (3 i (82 oS V) akle s (il ST 1 TH-NMR b
5.19 ppm ke (6 e 5V 059 (J=1.3Hz) 515 5,La] pe (thamnose) sl Sl S on il S
& oS et Sl Sl ol la] 43 WH0.92ppm s s ) Ll (1=5.6Hz) & 5,Lay)
.(3.2—- 4.08ppm) J\=

110



s e Bl S5 & s kaempferol— aolhl pedll Cils Q1 S Ll PC-NMR b 3 Lo
oo A 8 S S sy 108 5 s Sl S 3 da i ) el 3 el Jias
T0- ISl e e 98 LS8 sl Lkl L) I3

C6™” 0p S 5,5 Of LM o PC-NMR Cider Liazel 558SUEL gl )l LSl 650 o)
JUEL 5 s g 4 dbg V) LSy 0 ds ez OF Lo Juy & 62.91ppm L ez ) oSlonl)
DL 54530 82 SN o Lgnady )l 80.33ppm e aixf Jls 1) €27 5, L) L
HI™ 3ol ol 06 THANMR Cibs J g o 3 5 C2 JouS 55008 e 55SGUAL el )
.[139] neohespiridosyl s» S 1 s s Sl s 541 0T WS 5 HE™

el LS [MAHH] ) 4850 m/z=595 S &g 4 ed el (71-SKs) MS-ESTY A il
Ol o LANST g [M-H" 4880 50 m/z=393 e 4% acd L3 -72- 2 (3 MS-EST a1 b
S By e 0l ey S objﬂ 48| 5o (71'J§"’) 2 6)4;7 LS” Cp7H30015 S o) dest 3x)
QUL m/z=087 s S 5 sl o S siie ¢ S S il o W m/e=449 s sl )
283 s L

HO o
HO OH

OH
OH

Kaempferol 3-O-p - (2°’-0O-a-rhamnosyl) glucoside
(Kaempferol 3-O-neohesperidoside)
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(CD;0D, 67.5MHz) 83 5 .l C-NMR b -70- S

[MH]*

[MH-rhamnose]*

[MH-(rham+glc)]*

S3 S Ll MS-EST" kSl ol -71- S
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P ' 50 w0 1000 1200 HH me
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1S4 &S ol Bddall 5 &1 2 gl y S 2iladl -7-2-4

3-(4-Hydroxy-3-methoxy-phenyl)-acrylic acid methyl ester

1) Colour under UV: Purple (on silica gel-tlc under 365nm)  >wdb

2) 'TH-NMR (CD;0OD, 250MHz, &, ppm):
7.62 (1H, d, J=15.9Hz, H7), 7.19 (1H, d, J=1.9Hz, H2), 7.08 (1H, dd, J=8.2, 1.9Hz, H6),
6.81 (1H, d, J=8.2Hz, HS), 6.36 (1H, d, J=15.9Hz, HS), 3.90 (3H, s, 3-OCH3), 3.78 (3H, s,
COOCH3).

3) BC-NMR (CD;0D, 62.5MHz, 8, ppm):
168.38 (C9), 148.09 (C4), 145.52 (C3), 133.0 (C7), 125.80 (C1), 122.86 (C6), 115.15
(C8), 113.43 (C5), 110.04 (C2), 54.94 (3-OCH3), 50.58 (9-OCH3)

1S4 &S ol (6 ged! et -8-2-4

oiLa] yseb I e (trans) oy (3 W A sy G (73-0S8) oS U 'H-NMR (b
sda (Al JAe H8 9 H7 ) (bl 3o 6.36ppm 5 7.62ppm e (J=15.9Hz) O 8) ol onsls
Le H2 il 50 (J=1.9Hz) 55 5 )La) [ eeb o JlaceV) @300 dn 50 dals by 5 dielall day )
iS5 -5l 5 s | el 5 6.81ppm e H5—J 43l s (J=8.2Hz) &35 ¢ ~1 5,L3] 57.19ppm
.7.08ppm s H6J 42 5» (J=8.2, 1.9Hz)

Ji (33.78ppm e (s g an sl AL dlag e 3.9ppm Lo oS 550 A5 50t 5Ll @ gl LS
(L el dlS B A ) oSy o8 bl ) o ) LUy (s 3

AL dolr )5 d Lgas 05057 5,5 1135y U (T4-J58) 050 S b it (o5 1 g ) il
2 coli @Yy Rl AL das e 54.94ppm die WA LS sz 58 502 O iy 5!
e 2al ) Sy 08 bl 4S5 UL 5 50.58ppm e i e Us

e B da), 355y Raedd AbL Aol 168.38ppm i s S A sed sy ow LS
s A Ao C8, CT7 o K 115.15ppm 5 133ppm

o Rl el ods Wl 5 (g jaed gl g (ST 0K O L B aadll el ol e
U 84 SN dres uST !
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H3CO 3 \ /CH3
HO

3-(4-Hydroxy-3-methoxy-phenyl)-acrylic acid methyl ester
(Methyl-trans-ferulate / Methyl-(E)-ferulate)

(CD;0D, 250 MHz) 84 S -l '"H-NMR _x.b -73-9&.&
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(CD;0D, 62.5 MHz) 84 S ol "C-NMR il -74- 1S

¢ kaempferol o o Slhows 8 s W m L O] J58) LS ) ol e slezeV
Wl Ol O (5 5l ¢ llaot ek - 81 & il oda s 5 o g Lgals o8, LRI 506 miad
e 38,5 [8] 5 [5] M Jo odazel 155 75- (KA 3 e 52 WS Solenostemma argel

o IS 5l Y sy a3 L 0 o 5
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kaempferol (S1)

UDP-Gle
4 (
UDP

OH O

Kaempferol 3-O-glucoside (S2)

UDP-Rham

C
UDP OH

O-Glc-Rham

OH O

Kaempferol 3-O-neohesperidoside (S3)

: Chalcone isomerase

: Flavonoid oxydase

: Flavonoid 3-hydroxylase

: UDP-glucose: flavonoid 3-O-glucosyltransferase

: UDP-rhamnose: flavonoid 3 -O-rhmnosylyltransferase

(S I SOV IS NS

Solenostemm argel <\l <\\s A = il (¢ o) ¢ Lo Lbz -75- 1s
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:Marrubium deserti <\3 o d s2dl) OLS M 3.4
bbb o ) LY 8L W LS ol adl s ST oS s dne e Ol g fuadll ¢
33U LS e a B LS s af@s@w Ll e drazz M4 s M3 M2 LS L)
orade Jpadl w80 il & g Marubium Coa)) e M3 ST N b Led 0 80 S0 oda 0T 3|
M4 s\ LT [140] Stachys aegyptiaca (Labiatae) s e 8,0 J5Y ahad ¢ & b
Co b jlaae oo ade Jgadl 8 s ole s Marrubium ial) o diad o6 e I edg
abazd o 50 0l Ll odg M2 oS\ Lezy [96] Anisomeles ovata (Labiatae) o 5 4 J 3Y Jazd
Marrubium Ga)l (3 e O adl vn B3N odgs M6 STV Ly Marrubium (i) (pe

il s L b el LS U e Ligd M5 s M1 OLS U L

M1 &S ol dudall 9 431 8 gl g SOV 2ilad -1-3-4

Apigenin 7-O-p-glucoside

1) Colour under UV: Purple (on silica gel-tlc) sawsb

2) Re: 0.25 (HOAc15%), 0.30 (D6M1)

3) UV-Visible:
MeOH 328 268, +NaOH 386 265sh 248sh, +AlCl; 379 346 298 275, +HC1 379 338 298
276, +NaOAc 398sh 331 267, +H3;BO5 331 267

4) "TH-NMR (CD;0D, 400MHz, &, ppm):
7.89 (2H, d, J=8.8Hz, H2’, H6’), 6.95 (2H, d, J=8.8Hz, H3’, H5’), 6.82 (1H, d, J=2Hz,
H8), 6.66 (1H, s, H3), 6.51 (1H, d, J=2Hz, H6), 5.09 (1H, d, J=7.5Hz, H1""), 3.95 (1H,
dd, J=12, 1.5Hz, H6a’’), 3.74 (1H, dd, J=12, 5.6Hz, H6’’b), 3.3-3.6 (H2’*, H3"’, H4"’,
H5’)

5) ¥C-NMR (DMSO-dg, 100MHz, 8, ppm):
182.02 (C4), 164.29 (C2), 162.97 (C7), 161.48 (C4*)", 161.13 (C5)", 156.96 (C9), 128.64
(C2°,6%),120.97 (C1’), 116.04 (C3°,5’), 105.35 (C10), 103.10 (C3), 99.91 (C1"), 99.53
(C6), 94.86 (C8), 77.19 (C5°’), 76.45 (C3’’), 73.12 (C2’’), 69.56 (C4’’), 60.61 (C6’")

el Lany O £ 0T Se 045 @)

fad g il 3 V) cf (Sl i) OG0 M S ol et et 234
el 3 35l S &S 4 (flavone) 08N o SN OF 0luSTy Jskll 3 T alasl
Sl 8 SN 0T s Juy HOACT5%
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35wy 4S5 NaOH BLo| dxy 4552l sazdl 3 8045 as (58nm) Mac T alasll oy S5l # L5l
O S las g a0 STl T ol 3 JuST e Ol o4 ol B oSy e
95 b ZLpl ole (76-K8) NaOAc 5Ls| da IT &ladll #L3l pde 10ST 5 330-320nm
cUp sy ool aer o 5 B e (AICIHHCI) 5 (AICT) mo ST b 55l e T aLadl)
ol OLe OIS g J Skl 3 4k ae (NaOAc +H3BO3) oo S A1 Gk @)l s T laal) il
(AICIH+HCI) o aicb 5 J o) & oS Cabs o @)Ul WSl 3 oSyl G 5, f
S 0ol 3 JeeS guken 2y e JaB (61nm) AT Bl oy S5l # L) 2O G

T @2 (3 Jdhas apigenin g2 ST ol T G &

M1 S U UV aikl ol -76- (Ko

s gy adely IST eSS (J=8.8Hz) xdld o) el (77 K80 3 oS WU TH-NMR il
(J=2Hz) ol owiyls) 5 ) Je (HS', H3') 5 (HE', H2")—) 4l 6.95ppm 5 7.89ppm
okl 5] ¢ A e H6, H8 — el 5o 6.51ppm 5 6.82ppm s 055 301y [S JulSS

.apigenin <5+ & S M dj§..l>-w e ) Of Je Jw Sl eds 6.66 ppm e H3J sl 5o
L 5)Lals 5.09ppm s gh @l SSGlel) e sV O S8 e eb o S s
3.95ppm e 4L a5l |SKas HEa 16 WS 051 o Bl abls ) e Ju 8 (J=7.5Hz)
44 3.74ppmae (J=12, 5.6Hz) a5 a5l (s HEb Lal b 5 (=12, 1.5Hz) O) 3 eal

[3.6-3.3ppm] oy W) ,La) @S85S Sb gy
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o BV e A 05 S o)A aBI el 1) BLo) Jael 78- (K20 3 PC-NMR Cab 4 0
Ilaze) 28111 WA1,3 L el Lt s g sS04 ST o, a8 ge (6 aed Bt S
fps M1 SN UL 0556 5 [138] ol M1 e

Apigenin 7-0-B-glucoside

OH
HO
o)
/gé( ° ° O
OH
"o H O |
OH O

(CD;0D, 400MHz) M1 S Il '"H-NMR Cab -77- S

121



T T T T
180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 pPpm

(DMSO-ds, 100MHz) M1 S -l "C-NMR ok -78- S
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M2 S ol Ldkall 9 481 % gl g SOV ailad! -3-3-4

Apigenin 7-0-§ -(6’’-0-E-p-coumaroyl)-glucoside

1) Colour under UV: Purple (on silica gel-tlc) saxab

2) R¢: 0.49 (EtOAc) 0.40 (D9M1)

3) UV-Visible:
MeOH 316 290sh 270, +NaOH 375 265sh, +AlCls 379 323sh 299 277, +HCI 379 322
298 278, +NaOAc 380 315 286 269, +H3BO3 315 290sh 269

4) '"H-NMR (DMSO-dg, 400MHz, 8, ppm):
7.93 (2H, d, J=8.8Hz, H2’, 6°), 7.49 (1H, d, J=16Hz, H7"*), 7.35 (2H, d, J=8.8Hz,
H2’,6°"), 6.92 (2H, d, J=8.8Hz, H3’, H5’), 6.80 (2H, br.s, H8, H3), 6.67 (2H, d, J=
8.8Hz, H3’"*, 5"’), 6.47 (1H, d, J=2Hz, H6), 6.33 (1H, d, J=16Hz, H8’""), 5.15 (1H, d, J=
7.2Hz, H1"’), 4.47 (1H, d, J=12Hz, H6’"a), 4.16 (1H, dd, J=12, 7.2Hz, H6’’b), 3.83 (1H, t,
J=8.5Hz, H5""), 3.33 (1H, H3""), 3.30 (1H, H2’"), 3.25 (1H, H4"")

5) *C-NMR (DMSO-ds, 100MHz, &, ppm):
183.22 (C-4), 167.71 (C-9""), 165.55 (C-2), 163.97 (C-7), 162.66 (C-4’), 162.40 (C-5),
161.04 (C-4""), 158.17 (C-9), 146.18 (C-7°""), 131.33 (C-2""", 6’"), 129.80 (C-2’, 6’),
126.16 (C-1"""), 122.23 (C-1°), 117.28 (C-3",5’), 116.94 (C-3°"", 5°*’), 115.01 (C-8°"’),
106.65 (C-10), 104.27 (C-3), 100.78 (C-1"", C-6), 96.00 (C-8 ), 77.51 (C-3’’), 75.11 (C-
5°),74.23 (C-27"), 71.30 (C-4""), 64.70 (C-6"")

M2 &S ol (6 st ) -4-3-4

S 0V 316nm s J Sl 3 T Blad) i g deeiil G and Yl 0 STl sl Ol
.(Flavone) 0 5™ S LI of

J- NaOH 8Lz day (79-JK&) 2 sal) 342l (3 8505 an (60nm) 1 T liaall oy 75U 50
A e 3 JeS g her B et 3y o

CLe OS5 NaOAc BLa| de IT laall #L51 sde 5 (320-3350m) o Sl las OLS
T2 @ oS g

J (AICIs+ HC) g 4kl 3 (AICL) po oS0 G 3l i T alaall oy S ps =51 QLS
e g Sl gl ) Dl e e STy S G JeeS b S sl Ol e
Jylell 3 aib y (NaOAc + HiBO3) o o574 (i 4L
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Jpldl 3 4ib 5 (AICL + HCI) o oS4 s & )i dis (63nm) i T &laall o9 S 5L~ 5!
5ol 3 JeS sk 35wy e

Leils i Ll bl (3 087 0 10A T alan)) dad pa domaind) 355 axaY) (b (3 ol csdll
T g2 Ak Juzes apigenin oS s e 8 )Le S ol e Juz

M2 S ol aadall alddi -79- s

2 S e S A Be OF ST e (80-JSE) 3 'HANMR b o oo sl sl
7.93ppm s (J=8.8Hz) cwsld [Kay B aadl by, Golal el JD e apigenin Jxdll
. (H5’,H3") z 530 6.92ppm 3 (H6’, H2))z 534

e 6.47, 6.80ppm L HE, H8 o0 S (J=2Hz) ondld K2y A 2 (455 (3,L5) Ll | 5eb
HB 0552 5L o Srlize 23l 3,La1 H3 14 5 L))

5.15ppmtie (6 e sV O gl 3Ll I e 5SS S g THINMR b oo Ll et
O SV o Bkl bl ) e J W (J=7.2Hz) 16 JSKas 4l )

el g prisl J ) boes LU ) BLo] g L S 0l & ol La) el
Ju M1 S0 b (3 B-L 5L s (0.52ppm)— 2é=T Jl2 JIH6”b s H6”a (3)La) L5l

oM S STy il e
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i gadt 558 )] sel IVt r el €67 sl @ Sl JoeS gt L L) el aeh
Qs HE? HT'7 a5 oyl ) (3 59 ) o) o 0n5,L5] >S5 e 57 AV (il (3 coumaroyl
) J) odd (trans) sy 4S5 W (J=16Hz) 0131 coly o5 ) e 6.33, 7.45ppm

saxly S S (J=8.8Hz) onifld i )La) ID e e sastl odd Ayl A U5y @ gl LS
(H3",H5”) 3 (H2, H6™) o I (bl o 06 535 4

L Aol il el I e lile oU 873 L -81- Sl @ PC-NMR il a8 wxg e
Seadl il sl s M1 Gl 0 SN e oLl e Bl ales )l 5 oS
O sl o o mi 5 5SIE S 0587 @l ol ol i 1=l 5 coumaroyl ds et
Lo M1 oS0 b (3 Lnessy Lzl &5 ,lae mixl Jie 42 (4.3ppm) ik e 51 C6™ 5,3 5 L)
coumaroyl s sest b3l s =1 5,0 45y Lis (2ppm) s sl Jz £ 057 5l el 5l
Sl we S ehs ol ) 4k W CE™ JeuS 5,008

QUL 5 & e il an 5 Aislas dall) po Jo 0 S A0 a2t GBS Eo oda cOumaroyl A5 yett 3 g
ol g S ol domain) B axaY) (i Js ST (Chromophore) s ses S (sl 05l Yl S5
316nm £ M1 oS0 Cab (3 Wady & ,lie ol 51 Eost [ aslanl|

s g and) Lpan e A8l S gl ad S 82 el 3 HH-COSY o jlmzy ez
id LSl WS coumaroyl s et i il AL aolh) S s B Al dweld) & kel o gy )
S5 el il e e HMQC )lE Ligr o0 G5 S Sl s ol Lal o) 5
i M2 SO0 ) ald o 875 e (83 ISl 3 Cidall e by o) el 05 S

o)
OH
g
« O
HT o OH\. O |
OH O

Apigenin 7-0- -(6”’-0O-E-p-coumaroyl)-glucoside

(Terniflorin)
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(DMSO-ds, 400MHz) M2 S -l '"H-NMR &l -80- s

(DMSO-ds, 100MHz) M2 S Il PC-NMR b -81- S
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M2 S .U HH-COSY Cab -82- IS

M2 S Ll HMQC _ab -83 - s
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M3 S ol uddall 9 431 8 gl g SO ailad) -5-3-4

Apigenin 7-0-§ -(3’’-0-E-p-coumaroyl)-glucoside

1) Colour under UV: Purple (on silica gel-tlc) — awii

2) R¢: 0.77 (EtOAc), 0.54 (DIM1)

3) UV-Visible:
MeOH 316 297sh 270, +NaOH 367 305sh 270sh, +AICl3 383 321 299 277, +HCI 383 320
298 277, +NaOAc 379 314 269, +H;BO3; 316 298sh 270

4) 'TH-NMR (CD;0D, 400MHz, &, ppm):
7.89 (2H, d, J=8.4Hz, H2’, 6’), 7.71 (1H, d, J=16Hz, H7"*’), 7.5 (2H, d, J=8.4Hz, H2""’,
6°"’), 6.95 (2H, d, J=8.4Hz, H3’, HS"), 6.84 (3H, d, J=8Hz, H3*"*, 5°*’, HS8), 6.67 (1H, s,
H3), 6.52 (1H, br.d, H6), 6.45 (1H, d, J=16Hz, H8’"*) 5.23 (2H, t, J=7.6Hz, H1”, H3"),
3.95 (1H, d, J=10.8Hz, H6’a), 3.60-3.80 (3H, m, H6’’b, H2”, H4”, H5"’)

5) ¥C-NMR (CD;0D, 100MHz, 8, ppm):
184.18 (C4), 169.18(C9”*"), 166.88(C2), 164.76(C7), 163.11 (C4’), 163.00(C5), 161.42
(C4°°7), 159.05 (C9), 146.89 (C7°*’), 131.32 (C2*’, 6°"), 129.79 (C2’, 6°), 127.42 (C1’"’),
123.14 (C17), 117.20 (C3’, 5%), 116.99 (C3*’*, 5°”*), 115.57 (C8’’"), 107.28(C10), 104.26
(C3), 101.59 (C1°’) 101.33 (C6), 96.20 (C8), 78.78 (C3’), 78.37 (C5"), 73.31 (C2”"),
69.65(C4"), 62.32(C6’")

6) MS-ESI*(m/z):
601.15 [M+Na]", 437.18 [M+Na-coumaric acid]*, 271.14 [MH-(coumaric acid+glucose)]"

M3 S ol (6 gmdl ad) -6-3-4
ireall OF 345 g0 [M#Na]'— 42 g0 m/z=601 Lis &gy jor and iad _Jasl MS-ESI* aui alsdl Cab
B g 5 W m/z=437 die aaidl OU Y A e o3 Jasl LS (C3pHp01n o S ol Ao

«(88-JS2) 5 SGl) Sy o ¢ ) 388 54 m/z=271 i ¢ acid coumaric
slodor g Zomdid) G b BaaY) o F il 6 G M2 il o ST s wlin 2T 4
A4 o (86-UK5) (3les V) 4> & 'TH-NMR Cib p (84-JSK5) dmeind) 356 L 225y a4kal)

Lli)l 3 ane wlin p=T 5 coumaroyl 4e sest o) ,La) 5 apigenin s 5 4t (1SN 6 A ol jLs)
G AVl gl LUy e sue G Re oY ol @ Vol we it oS0 (7wl 5 S S

R PY N INP PPV RPN po S 05 )W) Sy e Bl THINMR Gk (3 e 6 Sl 6 4
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Sl S ik S8 5 s # (85 IS08) 5 Blae s 20 5,L) Laad 5.23ppm s Sl
i gast O 5 & 5L Al BT o M2 S0 e e (3.65-3.95ppm)in Mhes Al (3
(87-J§J~) S LU BC-NMR Cids aul s o AL de el oda s CO”— ilaj » & coumaroyl
cUsl B 6 Sl 6 3 b Ll ey, Y1 65 3 M2 S ik o aslss B S
e C57 5,y 3,52 (T6ppm Ul oo Yu) 78.78ppm s aises Jl& U] C377 5L

.78.37ppm
O5gp) o HI” )l o dlsladll §)Lay) O s (85-JSs) 'H-NMR ik 1) 336 ¢ o L
M1 S Gk 3 JlaS) Lbsl B, l6ppm L2 ks JI2 42 o5l & H3Y

RPN IRV S P RCH TRt PYPE - CPN St PO

M3 S I UV dabl dl.]) -84- S

2 ATl o Jpaill (S5 (S HMQC 5 COSY aadl 235 (555l o ) )18 L
lageib e 05 S ol)d 5 byl &l LAd 0 WS Ballota hursita
coa M3 S LG Gﬂ;ﬂ\ sda e slezeVL
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Apigenin 7-0-p -(3’’-0-E-p-coumaroyl)-glucoside

(CD;0D, 400MHz) M3 S -l 'TH-NMR _xb -85- |2
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M3 S U "HANMR b e 23l 9, 2l S5 -86- S

RARENN | '.. |. 1 | 4 i ¥ :. ;I l: *-\-..“t-\'\ ; I-'- .,-'..J
R "'I Yii .I | \ | l v | \ | | | = =

: o o
&} = B
B i TR i
[ 8] ) L
Uu-ﬂ- m U =-
ey S S i i Boop ]
ca €Y S 3 G 2. ce

T T T T T T

T T L) T el e g, T e
180 170 160 150 140 130 120 110 100 20 80 70 60 50 40 30 ppm

(CD;0OD, 100MHz) M3 S I BC-NMR b -87- |
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MS-ES*

OH
HO
o
HO (;LLL’ OH O |
OH O

[M+Na]+

(@)

/

[M+Na-coumaric acid]*

OH

[MH-coum-glu]+

|

M3 Sl MS-EST" ) il -88- |
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M4 &S ol adall 9 431 2 gl g SOV ailad) -7-3-4

Apigenin 7-0-p-(3”’, 6’’-O-di-E-p-coumaroyl)-glucoside
(Anisofolin-A)

1) Colour under UV: Purple (on silica gel-tlc) — sawai

2) Re: 0.80 (EtOAc), 0.82 (D9M1), 0.46 (HOACc15%)

3) UV-Visible:
MeOH 315 270sh, +NaOH 368 310sh 270sh 250sh, +AlCl3 379 316 299 276sh, +HCI
379 316 299 276sh, +NaOAc 474 315 270sh, +H3BO3 316 270sh

4) 'TH-NMR (CD;0D, 400MHz, &, ppm):
7.8 (2H, d, J=8.4Hz, H2’, H6’), 7.73 (1H, d, J=16Hz, H7"*"), 7.54 (1H, d, J=16Hz,
H7°"’),7.49 (2H, d, J=8.4Hz, H2’>’, H6’"*), 7.19 (2H, d, J=8.8Hz, H2"*’’, H6’*""), 6.94
(2H, d, J=8.8Hz, H3’, H5’), 6.86 (2H, d, J=8.4Hz, H3’*’, H5’""), 6.75 (1H, br.d, HS),
6.66 (2H, d, J=8.4Hz, H3’*’, H5*""’), 6.56 (2H, br.d, H3, H6), 6.43 (1H, d, J=16Hz,
H8’"), 6.27 (1H, d, J=16Hz, H8’"*"), 5.25 (1H, d, J=7.2Hz, H1""), 5.24 (1H, t, J=8.8Hz,
H3”’), 4.68 (1H, dd, J=10, 1.5Hz, H6’a), 4.35 (1H, dd, J=11.2, 8Hz, H6’’b), 4.04 (1H,
t, J=8.4Hz, H5*’), 3.83 (1H, t, J=8.8Hz, H2""), 3.6 (1H, t, J=10.8Hz, H4’")

5) BC-NMR (CD;0D, 100MHz, 8, ppm):
184.16 (C4), 169.08 (C9’*, C9*"*"), 166.77 (C2), 164.50 (C7), 163.12(C4’, C5), 161.47
(C47), 161.32 (C4°"*), 158.97 (C9), 147.17 (C7°*), 146.99 (C7*"*"), 131.34 (C2°"°, 6°”"),
131.19 (C27,6°7), 129.71 (C2°, 6’), 127.42 (C1°°’), 127.04 (C1°°""), 123.08 (C1’),
117.19 (C3’,5%), 117.00 (C3°*’,5°7), 116.87 (C3°>"*, 57°""), 115.49 (C8’”’), 114.75
(C8°"), 107.33 (C10), 104.16 (C3), 101.40 (C6), 101.14 (C17"), 96.04 (C-8), 78.64
(C3”’), 75.63 (C5’), 73.17 (C2’), 70.67 (C4>’), 64.71 (C6*’)

2m O Lpan 2 OF K777 7T a0y S ol )s 5 olig gl o

M4 S ol (6 il ) -8-3-4

Fenidl B8 Lo andY die)) adide y i s~.s\39m%\¢;agg@u@9§}\m@m
s 56wl el S o e 3 Ry W) ol 3 L il oS0 8 s L (8908
34>y coumaroyl i set o S 3 5o g Jlez) U piy W Lagas

A O] sy ) BLo| o b e 90-IS2) (3 Sl TH-NMR Cab e s e

Sl 5y ) e O 575 81y ST LIS (J=16Hz) &L o L) cgj ALa (apigenin) a3 5S>V
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W o5y sy JST S (1=8.4H2) &5 olyLa] w )l 5 (trans 2813 duwdis ©13) onsld e
basls LS ol 5 35S S by p olleY 25y 1l coumaroyl s ezt 555 '
Aoy S s o STl 4S5 W (Oalad) ST AL Bl om0 Lpian

Sl H3” 5 HIT a8l e (M3 S 3 L) G s WalSS (5 BLn 8) 2530 5L8) o
e B Bl el U AW F a0 ey o gb & H5”, H6’b, H6a oo JS
HA” ) a3 50 3595 5 ,Lal 1l 9 H2V bl pe 3500 (5 21 8,La) ¢ (M2 S0 3 LS L1yl

A gez Bl e o o sV 05900 5L pe Wtz aisl Ji8 52 HBY 6] £ L)
Jds sa Lad jeexl Jle U HE'b, H6a 3 ,L5) sl Ol LS €37 S 5,44 L sY) coumaroyl
.CO” JeS 9 08 350 coumaroyl as sest b3l Je

o sV el 8l el ) Blo| & LY (91- Kl STl PC-NMR ik (3 U
o Bl b S5 Lo pedy L Lpiam e adels b6 o) 5 o Sl e AL sl ol g (ST
iy Bl el r 2T el sl S STyt dag e el et e ST 0y
i Q) Lpaed 7151 2 €67, €37 LS g D (0 55 (s 1 coumaroyl (5= e

M4 S U UV dabl alulu) -89- Ko

e 45,41 057 4 C47, 027 &b ) AL ~L5) y Ul e 6471, 78.64ppm s s
2 J C JC
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sandl Lgian ar a8l U yig ) dad LS HH-COSY dadl JU 55l ) oyld DU
Lo Sl byl (il o ol 0B 6 Sl e ) 2l 93 092 (AlSa) e sty ga LS
JS L) o S 95 5 94-0ISad) @ HMQC )l BB Lz o 3l ) g Y 5 dls
3% g (H3, HI) 3 &l 5.25ppm s 5,LaY) il Ls S5 5 W L 1 0 SUV 5,0 055
Sl NS 5 €37 aabl sa 78.64ppm Lis LW 5 C17°— 4ibl s 101.14ppm s WAlU>] O g S
L 21 5 HE s — e 4.68ppm e WAl i 5y 2 3 )L3) ae (C677) 64.71ppm i §,LaY)
38l yo 104.16ppm e L5V (a3 wo 6.56ppm Lis 3,L5Y) 3l Ll (H6”b — s 4.35ppm
.C6— 4 4+ 101.40ppm Ls 45l 4 C3

IS 5 BCNMR (b e o) ks oty o 97 5 96-0SC201 (3 HMBC o, U L
a5 0 s wl ) bs 5ylaYl e 0 SO ol)d g clggdl Gl o ol mo s 98-
2 o Wb JeSI ZLEY s B (€9, C97) b S et g ST e st O S
oda e slexeWU sl pds Olas p Lkl a5 S 5 6 5 3wzl as Ll ush S
s M SO il

Apigenin 7-0-B-(3’’, 6°’-0-di-E-p-coumaroyl)-glucoside
(Anisofolin-A)
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(CD;0D, 400MHz) M4 S ol "H-NMR _ib> -90- |

ol bi ds MeoD

o

A o

Wi VoONVINZ TN 1
he?

T T T | ki | i T | i T T T T T el
180 170 180 150 140 130 120 110 100 B0 B0 TO 80 50 40 30 20 ppm

(CD;0OD, 100MHz) M4 Sl BC-NMR b -91- S
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M T T T T T T T T L T T T T T T T T
79 78 7T TE T5 T4 T3 72 71 TO 69 68 67 66 65 64 63 62 ppm

(@bs Y e ) M4 S U HH-COSY il -92- s

15 10 25 20 15

(& Sl s 54y M4 S HH-COSY il -93- JSs
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(3L, e 4 M4 S HMQC Cab -94- S

(Sl ¢ 4 M4 S ol HMQC b -95- S
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M4 S .U HMBC ik 3 H-C ol -98- |Ss
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M5 &S ol uddall 9 431 2 gl g SOV ailad-) -9-3-4

5, 6-Dihydroxy-7, 4’-dimethoxyflavone (Ladanein)

1) Colour under UV: Purple (on cellulose-tic) P

2) R¢: 0.80 (4/3/3), 0.24 (13/3/3/1), 0.61 (HOAc50%)

3) UV-Visible:
MeOH 331 286, +NaOH 408sh 317" 302, +AICl; 363 303, +HCI 355 302, +NaOAc 423sh
330 287, +H3BO;5 329 291

4) 'TH-NMR (CDCls, 250/400MHz, 8, ppm):
12.62 (1H, s, 5-OH), 7.85 (2H, d, J=9Hz, H2’, H6’), 7.02 (2H, d, J=9Hz, H3’, HS"),
6.6 (2H, s, H3, HS), 4.01 (3H, s, 7-OCH3), 3.89 (3H, s, 4’-OCH3)

5) *C-NMR (CDCls, 100MHz, &, ppm):
182.61 (C-4), 164.23 (C-2), 162.61 (C-4’), 152.74 (C-7), 150.66 (C-9), 145.75 (C-5),
129.58 (C-6), 128.02 (C-2’, C-6), 123.80 (C-1"), 114.51 (C-3°, C-5"), 105.95 (C-10),
104.06 (C-3), 90.46 (C-8), 56.47 (7-OCH3), 55.55 (4’-OCH3)

6) ML.S. (API-ES’, m/z7):
313 [M-H-CH;]", 298 [M-H-CH3]", 283 [M-H-2xOCH;]*

iyl sl 3 Olai *

M5 S ol (6 guid) prd) -10-3-4

0% af e OV oSl Ll Cadall (3 T Bliaad) 20 5 Gl 2a3Y) o i) O
eVl asaae A dal> Je Ju5 286nm L 1T &laall 4x5 s 2ad (Flavone

38 go m/z=313 Lo Bl Badl) & Ag 4 Bed el (105-JSKo) APLES s a1 Cabo
Ci7H1406 Aol Bl &)y oS 2dl S oS5 jaldl S 006 (SN of Ja & [M-HTY
e mz=083 5 m/r=298 ks W F LY LAl de e DM ABl e o3 ikl 3 el LS
P

(99- S8 &5 sall 802l (3 Oliali pr o3 S somebl 2L SYU I 5 domndid) 353 2021 OLLT S
M s b las OLE ¢ 47 3 Jdies LS g )dn 5y e Ju5 NaOH @Lo] dxy T 2;Lasll
T ool 3 LS s Ol e OV NaOAc pr 1T baadd) U513 5m y e 13S 5 el
& b xs (NaOAC + H3BO3) @Lo) dmy S 41 (b %)l tis Tilaanll o5 S50 ~L3Y OLE
Labasll Gt oy S st £ U510 3 LTy bl S 050 B pest DL e o J el
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SU sl a2 Ole Je U (AICL) 5 (AICL+ HCDs g oSN ib %ls ae
S AL STy

& i (AICI+ HCI) oo S0 b %5l e Laib (24nm) lis T dlaall o5 8750 -5
6 2 M semenS ol Joitn 35y 50 5 @25l 3 JeeS g8 25y 4S5 J Sl

iz alsT B adl> 595y bl CDCl3 wude 3 ol (100-K2) oSl TH-NMR i
Ls 5 (H2', H6')— 7.85ppm wis U5y s>ty S WSS (J=9Hz) 0wl oojlsl ) sely
55 e el T 5 la] | sgley Iz 8355 A @il ey on LS (H3', HS)—) 7.02ppm
Ol 5 4.01, 3.89ppm i JouS s5r 58 a2t 3y Ll (HS 51 HE) 5 H3—) 481 50 6.6ppm e
LY O Beniid) B b s Y Bdlas ldane LT 13 C7 5 C47 oSy 008

M5 S I UV dak)) alulodl -99- 1S
Oed OML Aol el 1) BLs] el o T S Lo usT (101 K2 PC-NMR b

129.58ppm Ls Laaxl Jle 1) C6 0 S 5,5 5L cLs Gl (3 By S e o0 et
(C6 Py &23) C7,C5 oo IS L5 g Wlazal ads Jl- (3 100ppm J) s> is Lgad g 8 I,
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AU e sl a0 of W ousT QWb 5 el Je 41(C6 mo 1)L m29) €9
Bz 05 5

s d s Jo wbgy ST s ¢ i 102- S ¢ HMQC <)l Dbl e sl
Bk 3l O e 8 4 d (103- K2 2 HMBC ) b Ll W g L) 05 S
5 LS () dand) OBl e el o oS gml) o8 sat @10 e oseadly 5 05 S5
5 JeeS s gy QUL 5 C8 05 S35 e 0550 35 W ST LS (104- ISy e 50
055 5 Cl0 5 C9 «CT «C6 0 S o1y5 an HE 5,L8] cn Aol il e €6 05 S 33
o B MS SN ke Uy

5, 6-Dihydroxy-7, 4’-dimethoxyflavone

(Ladanein)
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(CDCl3, 250MHz) M5 S .Ul "H-NMR Cib -100- S

(CDCl3, 100MHz) M5 S ol "C-NMR il -101- Ko

144



COC13/THS 19.08.04, Anttatadt
H3 o

o Iy o
& i |HB S IE
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13 . il I b A
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L r
i OCHal -
L] L

ppm 8 4 3 &

o (o]
Zi =i
& & 13/THS HHEECT
SN
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OCH3 -
Ll 8
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P = OC Ha £
HaC O u\/E | .
x\{f%f b Fias
' f| | L
¢ HO :
. - OH 0
; oo
) L | | I
’ [
— — =L ]
nos [ A = (&}

M5 S U HMBC < & (b -103- s
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M5 S U HMBC < ¥ ik & H-C ol -104- Ko

[M-H]*

[M-H-2xCH,]*

[M-H-CH,]*

M5 S ol MS-APIES™ Sl Cabs -105- s
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M6 S ol dudall 9 431 & ey SO 2ilas -11-3-4

Apigenin 6,8-di-C-f-glucoside
1) Colour under UV: Purple (on cellulose-tlc) sawsii
2) UV-Visible:
MeOH 330 273, +NaOH 398 334 282, +AlIClI; 380sh 345 304 280, +HCI1 380 345 305 280,
+NaOAc 355 305sh 281, +H3BO3 405sh 345sh 322 275
3) 'TH-NMR (DMSO-dg, 400MHz, 5, ppm):
7.85 (2H, br.d, H2’, H6"), 6.84 (2H, d, J=8Hz, H3’, H5’), 6.36 (1H, s, H3), 5.2-4.54 (2H,
H1’’, H1"”’), [3.0 — 4.80] (12H, glucoses)

M6 S ol (6 gud) il -12-3-4

Pituranthos < oo J 52l P4 ST e dilell ) 5 gley S aailax 3 S M s alig
'H-NMR b @ L) Ol ) s il UG iy &) 8k ¢ ) 5 chloranthus
ST G ade y Cadall 3 UT Byl OBt 1) s g il dized s ) 5 107- K (3 e sl

: 2 M6

Apigenin 6,8-di-C-B-glucoside
(Vicenin-2)
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2 LS Sl e ol 3 (g gl ¢ Lo ek 131 & Lede adt) oL U ) il 1
Lad 3 Al N ods e g ol e ) a [8] 5 [5] ol ML cimzal S lall e (108-ISCE) (3 e 50
e O oS8 a5V edelidl Jan o 5 OF LS el aLall oo Y1 Jan 48

UDP-Glc
UDP
OH O
UDP-Glc Apigenin 7-O-glucoside (M1)
ube Coumaroyl-CoA Coumaroyl-CoA
on CoAS CoASH
Coulmaroyl I OH

Apigenin 6,8-di-C-glucoside (M6) SAM

SAH OH O
Terniflorin (M2)  Api-7-0-(3"-O-E-p-coumaroyl)-glucoside (M3)

Coumaroyl—CoA
CoASH
Coumaroyl

Gle-O
I

Coumaroyl

OH O

Ladanein (M5) Anisofolin-A(M4)

: Chalcone isomerase

: Flavonoid 3-hydroxylase

: S-adenosyl-L-methionine: flavonoid 4'-O-methyltransferase
: S-adenosyl-L-methionine: flavonoid 7-O-methyltransferase
: UDP-glucose: flavonoid 7-O-glucosyltransferase

AW N =

Marrubium deserti <L <lig D C,:Izl\ & s> C\:Jz,a}[\ Lz -108_J§,:
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:Ballota hirsuta <\ oo 8 sadl OLS L1 -4-4

il Ll s o Lghead & BT, B6, BT Lo 396 2ty Sl ol 30 ae Jio 3l 5 Luab &
Call @ 4 5La) ol eda BA ST 5 ¢ sl 2l s BS, B4, B3, B2 oS U 2k Ly [97]
b oo o) 28U 5 00 AT ST Cinall L e Leghaad oo o)) 25115 01 0gs B3 (B2 OLS™ LI LT o™
¢ al dall an izl SUL 5 all ST L e Legd B7 5 B OWS L Wl Canall 0 B6 5 BS OLS™ )
A et el a5l ad 00 (S coumaroyl i et 4 i 5 S e 5 ey 1 [97] 5 LY
oSl

b Il ek M6 5 M4, M3, M2, M1 <LS' U » B6 5 B4, B3, B2, B1 s 1 of (] na

B9 V] Jeaddly B 5 oas ) WG LW s Marrubium deserti oG e
‘B1 J}«U ddlall 9 l}\fﬁb)ﬂ\ u.m‘\.&-\ -1-4-4

Apigenin 7-0-B-glucoside

1) Colour under UV: Purple (on silica gel-tlc) — sash

2) R¢: 0.28 (HOAC15%), 0.32 (D6M1)

3) UV-Visible:
MeOH 333 268, + NaOH 390 300sh 268, + AICl; 385 347 298 275, +HCI1 383 342 298
276, + NaOAc 386sh 341 267, +H3;B03 339 268

4) 'TH-NMR (DMSO-dg, 400MHz, §, ppm):
12.96 (1H, s, 5-OH), 10.42 (1H, s, 4’-OH), 7.96 (2H, d, J=8.9Hz, H2’, 6’), 6.94 (2H, d,
J=8.9Hz, H3’, 5’), 6.87 (1H, s, H3), 6.83 (1H, d, J=2.1Hz, H8), 6.44 (1H, d, J=2.2Hz, H6),
5.07 (1H, d, J=7.3Hz, H1""), 3.52 (H4"’), 3.47 (H5"), 3.45 (H6’"a), 3.40 (H6’’b), 3.3
(H2’’), 3.28 (H3"’)

5) *C-NMR (DMSO-de, 100MHz, &, ppm):
182.5 (C4), 165.1 (C2), 163.7 (C7), 162.2 (C4’), 161.9 (C5), 157.7 (C9), 129.5 (C2’,
C6’), 122.0 (C1’), 117.0 (C3’, C5°), 106.5 (C10), 104 (C3), 101 (C1’*), 100.5 (C6), 96.0
(C8), 78.0 (C5°’), 77.2 (C3""), 74.0 (C2’’), 71.0 (C4”), 61.5 (C6™’)

6) MS-ESI* (m/7):
433 [MH]"; 271 [MH-glucose]”
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Bl &S ol (6 goid! o) -2-4-4

Jeaidl & 8 il & 28 9 Marrubium deserti &5 o J 52dl M1 S 1) v 52 (S A1 s
DMSO-d6 s iz 2l 3 & 'HANMR b Lomnns O s GLLYI 5 i) oy s o SU
. (MS-EST") U1 Ll s HMBC <HMQC ¢H, H-COSY < )& ULl Je Jsadl & LS

el .S’y 4 apigenin-7-O-glycoside s» S L Of P EU- A TPt sy aslle il
3y el G DMSO-dg oude 3 30 oda 5l (110 5 109- 1S8) 5ol 'TH-NMR i
Al 5y LIS 5 (H3,57) 5 (H2, 67) o o5 (1)W1 sed IV e JItza) 21T B adl>
HI™ 5L 3t e oS0 o s Sl e 541 6b s HO 5 H8 i JL8L ) s el S
Ul Al sl OSSN Bl S S sy e J e (1=7.3H2) 256 S
A11-0a0 & HH-COSY o)l OLbl e stV 3l Sl Bl wad & ol 5 2 Sl
WU gy a2l el gl U Ls s (13- Sl 3 HMBC 5 112- K20 3 HMQC
o),LaY) eds 47-OH 37°-OH 2°-OH % Sl s 5-OH, 4-OH & ka)l oS 5,ddl ols gast
bl (595l 0 I ) LB Ll 28y (6 e Y1 059 )L e B8 s 3 Y
BC-NMR b 3 'H-NMR Cib 3 alaS Bl 51 udd (3 ol a5l

irea) 33 g0 m/7=433 Lis [MH]" a3 g0 &g 5> 08 a3 asl -114- 12l (3 MS-ES* Sl Lol
132 BL S 0080 Qb g m/e=271 s 5,80 Sd 87U il 43l 5 a3 5 CyHgOro dest

Apigenin 7-O-p-glucoside

OH
HO
O
o} o}
OH
"%ho H O |
OH O
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(DMSO-ds, 400MHz) B1 oS -l '"H-NMR il -109 - s

(s ¥ e 33l) BT S ol TH-NMR Cale) S5 -110- S
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B1 s -l HMBC < £ (il -113- s

MS-ES+
[MH-glucose]* [MH]*

Bl S ol MS-EST* il b -114- S
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B2 S ol (8 ged) el -3-4-4

Apigenin 7-0-(6’’-0-E-p-coumaroyl)-glucoside
ol ki o Bihll 28 ¢ 5y S watlax Ballota inall oo 3351 5,0l oty ST L s
L 1Sl Atz (_}L:Jb, s Marrubium deserti &\ p» dlad £ I M2 S AL

O
OH
] O,
H
oo O O |
3
OH O

B3 S ol (6 gl perdl -4-4-4

Apigenin 7-0-(3’-0-E-p-coumaroyl)-glucoside
S ol ks n el B gy S ealas y abis o B 5 ,l) feak Ll (8L s
o DL Je J sadd £ i d WAL 36 S5 ST g Marrubium deserti &\ (o J 524l M3
iz gy ol Gl ol e SN I (115-K8) HMQC < ¢ 4 HH-COSY
L s ) 5 5.0ppm dis 5, LaY) Bl o padl LS g b dbeldhl 0y SIl)3 g Uy
135 40 78.72ppm s ¢ 21 9 C17) 43l 4o 101.54ppm s O g S 33 o (H3, HI?) (355
32 B3 oS A6 UL 5 (37

4 _OH
HO
o
OH
O o H O |
3
OH O
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B3 _S . HMQC « ¥ (b -115- IS

B4 S ol (& ged) ) -5-4-4
Apigenin 7-0-(3”’, 6°’-di-O-E-p-coumaroyl)-glucoside
S ol ks o Bddall 5 31,8 5l g SN aatlas Ballota il o 80 S9N e SN 1As

QUL iSeS) ares s Marrubium deserti s o M4
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:BS JJQ.U ddlall 9 u‘}ﬁ\.ﬁ)ﬂ\ ua?\..dv-\ -6-4-4

Chrysoeriol 7-0-B-glucoside
1) Couleur under UV: Purple (on silica gel-tlc) (i
2) R¢: 0.22 (13/3/31), 0.47 (4/3/3), 0.12 (HOAc15%), 0.57 (D6M1)
3) UV-Visible:
MeOH 343 268 251, + NaOH 410 295sh 260, + AlCl; 390 363 295sh 274, + HCI
386 355 295sh 275, + NaOAc 407 349 268 253, + H;BO3 347 268 253
4) '"H-NMR (Pyridine-ds, 400MHz, 8, ppm):
7.25 (1H, d, J=8.5Hz, H5"), 7.2 (2H, H2’, H6")", 7.14 (1H, d, J=2Hz, H8), 6.96 (1H, s,
H3), 6.86 (1H, d, J=2Hz, H6), 5.82(1H, d, J=7.3Hz, H1""), 3.83(3H, s, 3’-OCH3),
3.60-3.66 (6H, glucose)

. . . 3
Pyridine-ds ) 5 Lal slans & ,La)

B5 S pold (8 pid) il -7-4-4

Slegazt 3y Jo Ju (DOMI) 5 (4/3/3) iy gianll Jodt (3 S ol L2V ol dndi o 20l
o 6 (HOACI5%) 5 (13/3/3/1) &1 Jot (& oS ll LV ol o8 5 ST AL oS e
S S et el gy Sl SN 0T e g

O oSN O e oV Jpld) 3T alas)l dad g demwid) 3 a3V oF CSTN O
iz a5l BV e B aaddl of s Joy T laall 269, 251nm s (nied 35 5 «(Flavone)
(116- 1K)

48" NaOH #La| oy T planl] dpioedlly 5 35 52l suadl 3 8205 e S0 Cie) oy S50 # L5
gledl Jeldll 2e (320-335nm) (p sokidr Blias ) seb e (47 w5l 3 oS 5 ) 5

e Jden 35y OS5 JSlll Cadey % ls NaOAc #Lo) da IT Gladl L5l pde 1S
S A ey %,lis (AICL+ HCL) Jolil) BL] dmy Tlanl) s 87500 25l 7 g bl JeuS7y b0
S a2l 3 JeS ke sy e J J

(AICl3) o 4ib> 5 (AICI; + HCI) o S Gl &)l e Tlanll oy S e & ~L 51 OLE
(NaOACc+H3BO3) o oS M ik & lie die T bl oy S5L L Ole SIS g
SN G oS A S e Dl 0T el 3 i
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Lis (J=8.5Hz) w5 5,Ls) Jasl (117- K2 Pyridine-ds oo 3 il 5ol TH-NMR Cib
B,L5) copdl) 3L e Ly Wi HE, H2' 05 575 ol (35L3] Loty ¢ HS® 0575 ) 383154 7.25ppm
s A e 6.86 57.14ppm s (J=2Hz) 3L 5,515 Lagis ST U 45 HE 3 H8 (153 5
3.83ppMm s oS 50 A8 sa 3 g g el 9 6.96ppmiis Al 5Ll (L H3 05y

2 DV ws s 05K 5 CT 5T C3 @ 0S Lod pod el B33 3t B3Le ils o boluzel
T oS 508 555 S oy L 5 Yol 5

s gl gl (e sV 059 )] Y e THANMR b & b S7ll (6 Sl s 54

h L 0S5 S S o Baaly sy 4S5 L (J=7.3Hz) & i 5.82ppm
;A B5 oS 6 ale 5 (3.60-3.66ppm) s dikie (3 &S E S Sl

Chrysoeriol 7-0-B-glucoside

OCHj

OH
HQ O o} o} O
/5%& O |
HOHO
OH O

s & ade Ol 5 dhaad oz 8,0 Jof 0da (S Ballota ) SUL am pp oS A s Lab ¢
Lol
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B5 S ol UV aakll aluludl -116- S
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B6 S okl Lkl 5 Ad) 5 gy S 2ilad! -8-4-4

Apigenin 6,8-di-C-glucoside (Vicenin-2)

1) Colour under UV: Purple (on silica gel-tlc) — awii

2) R¢: 0.03 (D6M1), 0.5 (HOAC15%)

3) UV-Visible :
MeOH 328 304sh 274, + NaOH 399 334 283, + AlCl3 395sh 346 305 277, +HCI 395sh
343 304 279, + NaOAc 382 309sh 282, +H3;BO3 352 310sh 281

4) 'TH-NMR (CD;0D, 500MHz, &, ppm):
7.98 (2H, d, J=8.5Hz, H2’, H6’), 6.94 (2H, d, J=8.5Hz, H3’, H5’), 6.62 (1H, s, H3),
4.9-5.2 (H1I”’, HI’"’), 3.1-4.2 (12H, glucoses)

1B6 S ol (5 gl ol -9-4-4

Pituranthos <l 0 P4 (S W) s & S aadall g adl e gl s SN 25 lad
La A g ade gloy anss [l LG o Marrubium deserti &\ o M6 S M 5 chloranthus
CD30OD y» (il Code 3 abomns @ 6 119 18-S 3 oS ol TH-NMR b oo
(s B6 oS o 1l Sd) ana)l

Apigenin 6,8-di-C-glucoside (Vicenin-2)

160



(CD;0D, 500MHz) (3t 5,1 ¢ j41) B6 S ol "H-NMR b -117- S5

(CD;0D, 125MHz) (s Sl ¢ 541) B6 S ol 'TH-NMR ik -118- S

161



BT S ol dndball 5 4312 gl s SUV jailad! -10-4-4

Luteolin 7-O-p-glucoside

1) Colour under UV: Purple (i

2) R¢: 0.09 (D6M1)

3) UV-Visible:
MeOH 348 267sh 255, +NaOH 402 290sh 263, +AlCl; 402 350sh 295sh 272, +HCI
387 363 295sh 270, +NaOAc 410sh 352 266sh 257, +H;BO3 373 259

4) '"H-NMR (CD;0D, 400MHz, &, ppm):
7.35 (1H, dd, J=8.4, 2Hz, H6’), 7.30(1H, d, J=2Hz, H2"), 6.76 (1H, d, J=2Hz, H8), 6.71
(1H, d, J=8.4Hz, H5), 6.49 (1H, s, H3), 6.45 (1H, d, J=2Hz, H6), 5.06 (1H, d, J=6.8Hz,
H1”’), 3.93 (1H, dd, J=10.4, 1.5Hz, H6’"a), 3.72 (1H, dd, J=12.0, 5.6Hz, H6’’b), 3.41-
3.59 (H2’, H3’, H4”’, H5”)
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UDP-Glc
UDP

UDP-Glc

Apigenin 7-O-glucoside(B1)

UDP

Coumaroyl-CoA Coumaroyl-CoA

OH CoAS CoASH

Coumaroyl

Gle-0 Gllc‘o

Apigenin 6,8-di-C-glucoside (B6) Coumaroyl

OH O OH O
Terniflorin (B2) Api-7-0-(3"-0-E-p-coumaroyl)-glucoside (B3)
Couma.royl—CoA
CoASH
Coumaroyl OH
OH O |
Luteolin 7-O-glucoside (B7) Gle-0
UDP-Glc |
5 OCH, Coumaroyl
UDP OH
OH O

GlcO. . .
Anisofolin-A(B4)

OH O

Chrysoeriol 7-O-glucoside (BS)

: Chalcone isomerase

: Flavonoid 3-oxidase

: Flavonoid 3'-hydroxylase

: S-adenosyl-L-methionine: flavonoid 3'-O-methyltransferase
: UDP-glucose: flavonoid 7-O-glucosyltransferase
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£ ol 95 L g oS dmy )l Jab & Solenostemma argel " J> A" bl )5 s Les
S 5 Solenostemma Juall Vs on 50 I ook Ly el 5 Bl S5 3 L) 5L
(o ke < xdl é ;sj‘
Kaempferol (S1)
Kaempferol 3-O-glucoside (S2)
Kaempferol 3-O-(2’’-O-rhamnosyl)-glucoside (S3)
Methyl-(E)-ferulate) (S4)
e 2l Al B ST 300 906 OLST e e O ad o Marrubium deserti <\ oy ]
b o o LV 80 U LS Ll ks e Baas2 30 S5V aads M4, M3 M2 LS U 0T sl
(e ke Ol @l ol s MB (S LU PCNMR Gk s

Apigenin 7-O-glucoside (M1)
Apigenin 7-0O-(6"’-O-E-p-coumaroyl)-glucoside (M2)
Apigenin 7-O-(3’’-0-E-p-coumaroyl)-glucoside (M3)
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Apigenin 7-O-(3"’, 6’’-di-O-E-p-coumaroyl)-glucoside (M4)

Ladanein (M5)

Apigenin 6, 8-di-C-glucoside (M6)
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Abstract

The aim of this work was the study of secondary metabolites, especially the flavonoids
of some species of the Hoggar flora which had never been studied before.

Among the species used in the folk medicine in this region, we have selected four
species previously haven’t been reported.

The selected species were subjected to extraction, separation and purification methods,
based on chromatographic techniques; thus twenty three compounds were isolated from the
aerial parts of these species.

These compounds were identified by chromatographic behaviours and spectroscopic
analysis, especially NMR spectroscopy with the aid of one and two-dimensional NMR
experiments ('H-NMR, "*C-NMR, DEPT135, COSY, HMQC, HMBC), UV, MS and for
some compounds acid hydrolysis and acetylation were used.

Thus, the structures of twenty flavonoids, one coumarin, one phenolic ester and one
polyol compounds were determined.

From Pituranthos chloranthus, six compounds were identified for the first time, in
which four are new for the genus.

From Solenostemma argel, four compounds were identified; one of them is identified
for the first time in the genus.

Also, for the first time six flavonoids were identified in Marrubium deserti, in which
three of them have never been identified from the same specie.

Finally, from Ballota hirsuta, seven flavonoids were identified, four of them are new

for the specie and one is new for the genus.



Résume

L’objectif de notre travail est 1’étude des produits du métabolisme secondaire, et plus
spécialement les flavonoides de certaines especes de la flore du plateau du Hoggar, laquelle
n’a pas vu d’études du point de vu composition chimique.

Parmi les plantes utilisées en médecine traditionnelle dans cette région, on a fait I’étude
de quatre especes dont la recherche bibliographique n’a montré aucune référence.

Pour aboutir a notre but, on a utilisé les différentes méthodes d’extraction, de
séparation et de purification basées surtout sur les techniques chromatographiques, ce qui
nous a permis de séparer vingt trois produits des parties aériennes de ces especes.

Les produits séparés ont été identifiés par les méthodes spectrales d’analyse,
spécialement la spectroscopie de résonance magnétique nucléaire et ses séquences (RMN-'H,
RMN-BC, DEPT135, COSY, HMQC et HMBC), UV-Visible et la spectroscopie de masse et
aussi les analyses chimiques (I’hydrolyse acide et I’acétylation) pour certains produits.

Ainsi vingt composés flavoniques, une coumarine, un ester phénolique et un polyols
ont été identifiés.

De I’espece Pituranthos chloranthus six produits on été identifiés dont quatre sont cités
pour la premiere fois dans le genre.

De I’espece Solenostemma argel quatre produits ont été isolés et identifiés, dont un
produit est cité pour la premiere fois dans le genre.

Six flavonoides ont été isolés et identifiés pour la premiere fois chez I’espece
Marrubium deserti, dont trois flavonoides tres peu cités en littérature ont été séparés pour la
premiere fois de la méme espece.

Enfin, de I’espece Ballota hirsuta on a isolé et identifié sept flavonoides dont quatre

sont séparés pour la premiere fois de 1’espece et I’'un d’eux pour la premiere fois du genre.
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FLAVONOID GLYCOSIDES FROM Pituranthos chloranthus

A. Touil,* S. Rhouati} and J. Creché UDC 547.972

As part of our current work on the chemistry of some plants growing in the Hoggar region (southern of Algeria),
Pituranthos chloranthu@Bent. et Hook.), which is an endemic species of the Sahara septentrional and central [1], was examined
for its flavonoids. To our knowledge, this plant has not been investigated before.

Aerial parts oP. chloranthusvere collected from Hoggar (Algeria) in 1999 and identified by Dr. Mohamed Kaabache
(Department of Biology, University of Setif, Algeria). A voucher specimen has been deposited in the herbarium of the Laboratory
of Natural Substances and Organic Synthesis, University of Constantine, under No. 10/ 1999/ OPC2.

Dried powder of aerial parts (3509) of floweriRgchloranthusvas extracted with 70% MeOH solution. The MeOH
extract was concentrated to dryness under reduced pressure. The residue was dissolvegOr{20§tni) and filtered after
24 hrs. The filtrate was extracteccsassively with CHGJ(2.1g), EtOAc (19), and-BuOH (14g).

Then-BuOH extract (14g) was subjected to CC on polyamide MN-SC6 and eluted with a gradigDtMEH with
increasing polarity. Fifteen fractions of 150 ml were collected and analyzed by TLC on cellulose in 15% AcOH (system I) and
BAW (n-BuOH-AcOH-HO, 4:1:5 top layer (system II)) as solvent systems and silica geLg@@ng CHCl, -MeOH (3:1)

(system 1lI) in which some fractions were combined to get ten fractions.

Four flavonoids1-4) were isolated from fractions 3, 4, 5, and 6 by preparative PC on Whatman 3MM and preparative
TLC on silica gel 60GE;, using the above solvent systems. Puatfiun of each compound for spectral analysis was carried out
using a small column of polyamide MN-SC6 and solvent mixtures (toluene-MeOH) with increasing polarity and finally MeOH
over a Sephadex LH-20 column [2]. The structures of these compounds were confirmedlbyl‘llMR, 3¢ NMR, and MS,
and all these data were in good agreement with the respective literature data [3, 4].

Acid Hydrolysis. The pure compounds were treated with 2M HCI at 100°C for 1 h. The hydrolysates were extracted
with EtOAc and the aglycones were identified by their UV spectra in methanol and by compagseitroauthentic samples.
Sugars were identified in the aqueous residue by comparison with authentic samples on silica gel TLC impregnated with
0.2 M NaHPQ,, solvent MgCO-H,0 (9:1); detection: aniline malonate. 5@ gave glucose? gave glucose and rhamnose,
while 3 was acid resistant.

Compound 1, C,,H,,0, 5, mp 154-157°CRs 0.36 (system 1), 0.40 (system Il), 0.74 (system III).

UV (Apaxe M), MeOH: 357, 300sh, 267sh, 255; +NaOH: 415, 329, 271; $ABOI'sh, 361, 300, 267; +HCI: 398,

359, 300sh, 267; +NaOAc: 38820, 274; +HBO;: 358, 305sh, 267sh, 255. FABAS(m/z): 479 [M+H]", 316 [M+H-
glucosyl].

4 NMR (250 MHz, C3OD, 6, ppm, J/Hz): 7.92 (1H, d, J = 2, H:,27.61 (1H, dd, J = 8.5, J = 2, M66.92 (1H,

d, J=8.5, H-5, 6.35 (1H, d, J = 2, H-8), 6.17 (1H, d, J = 2, H-6), 5.34 (1H, d, J = 7.5gldebse), 3.96 (3H, s, OM€)3
3.15-3.80 (protons of glucose).

BCNMR (62.89 MHz, CROD, 8, ppm): 177.59 (C-4), 167.46 (C-7), 161.33 (C-5), 157.16 (C-2), 156.91 (C-9), 149.45
(C-49, 147.00 (C-3, 133.76 (C-3), 122.40 (CI1121.60 (C-6, 114.61 (C-2, 112.78 (C-5, 103.48 (C-10), 102.45 (C4.

98.21 (C-6), 94.04 (C-8), 77.00 (C)576.57 (C-3), 74.42 (C-2), 69.94 (C-4¥, 61.02 (C-6Y, 55.33 (OMe-3. Identified as
isorhamnetin-3-O-glucoside.

Compound 2, CygH350,6 mp 172-174°CR¢ 0.55 (system 1), 0.35 (system 1), 0.30 (system IlI).

1) Departement de chimie, Faculte des sciences, Universite Mentouri de Constantine, route de Ain el-Bey, 25000,
Constantine, Algerie, tel/fax: 213 31 61 46 22naH: ahmedtouil@yahoo.fr. 2) EA 2106 Biomolecules et Biotechnologie
vegetales, Faculte des Sciences Pharmaceutiques, Universite de Tours, France. Published in Khimiya Prirodnykh Soedinenii,
No. 1, pp. 85-86, January-February, 2006. Original article submitted May 6, 2005.

104 0009-3130/06/4201-01042006 Springer Science+Business Media, Inc.



UV (Apax M), MeOH: 357, 300sh, 267sh, 254; +NaOH: 415, 329, 271; %A@¥sh, 361, 300, 278sh, 267; +HCI:
398, 359, 302sh, 277sh, 267; +NaOAc: 384, 320, 274B@&4 359, 305sh, 270sh, 255. FABAS(m/z): 624 [M+H]", 316
[M+H-rutinosyl].

THNMR (250 MHz, CRROD, §, ppm, J/Hz): 7.97 (1H, d, J = 1.8, BZ.62 (1H, dd, J=8.5, J = 1.8, 1};65.91 (1H,
d,J=8.5H-5,6.34 (1H, d, J=1.8, H-8), 6.16 (1H, d, J = 1.8, H-6), 5.19 (1H, d, J = 7.3lttdse), 4.54 (1H, d, I = 1.2,
H-1"), 3.95 (3H, s, OMe-}, 1.12 (3H, d, J=6.2, H*6rhamnose), 3.25-3.80 (protons of rutinose). Identified as isorhamnetin-
3-O-rutinoside.

Compound 3, C,;H300,5 mp 149-150°CRs 0.45 (system 1), 0.04 (system II), 0.06 (system IlI).

UV (Aaxe NM) MeOH: 332, 273; +NaOH: 401, 328, 271; + At@92sh, 348, 305, 280; +HCI: 392sh, 345, 304, 280;
+NaOAc: 363, 339, 276; +BO5: 363, 347, 280.

4 NMR (250 MHz, COD, 8, ppm, J/Hz): 8.01 (2H, d, J = 8.7, H-BI-6), 6.91 (2H, d, J = 8.7, H-3H-5), 6.78
(1H, s, H-3), 5.2 (1H, m, H*}, 4.8 (1H, m, H-1'), 2.50 — 3.90 (protons of two glucoses).

So3 is identified as apigenin-6,8-di-C-glucoside (vicenin-2).

Compound 4, C,,H,,0,5, mp 315-317°CRf 0.32 (system 1), 0.25 (system Il), 0.76 (system lI).

UV (Apax M), MeOH: 349, 267sh, 255; +NaOH: 391, 321, 272; +Al835sh, 356, 300sh, 267; + HCI: 396sh, 355,
300sh, 268; +NaOAc: 369, 322, 274480, 355, 267sh, 256.

THNMR (250 MHz, COD, §, ppm, J/Hz): 7.71 (2H, m, H;H-6), 7.06 (1H, d, J=9.1, H56.25 (1H,d, J = 1.9,
H-8), 6.10 (1H, d, J= 1.9, H-6), 5.16 (1H, d, J =7.2,"H-3.95 (3H, s, OMe-}, 3.25-3.80 (protons of glucose; 4 is identified
as tamarixetin-3-glucoside).

Thus, all these compounds are isolated fRorahloranthus for the first time, compourid® are isolated from other
specied. triradiatusandP. tortuosus [5, 6], but to our knowledge compouBdsare identified for the first time in the genus
Pituranthos
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Keywords: Abstract — Flavonoids are polyphenols derivatives of plant origin that possesses a broad range of pharmacological properties,
flavonoids; including protection of cells and tissues against the deleterious effects of reactive oxygen species. Their antioxidant activity
mitochondria; results from scavenging of free radicals and other oxidizing intermediates, from the chelation of iron or copper ions and from
oxidative stress; inhibition of oxidases. But a number of studies have found both anti and prooxidant effects for many of these compounds.
respiratory chain; These reasons prompted us to investigate whether flavonoids compounds alone or combined flavonoids had antioxidant, free
rat radical scavenger and antiapoptotic properties. The investigation was carried in vitro using rat hepatic mitochondria. Res-

piratory control ratio (RCR), oxygen consumption, adenosine tri phosphate (ATP) synthesis, scavenging action, enzymatic
activities of involved complexes, superoxide anion and the release of cytochrome C were measured to assess the mechanisms
of action of these drugs. Our data showed that the decrease of RCR induced by high concentrations (0.1 mM and 0.01 mM)
of all flavonoids tested was due to a common inhibition of oxidative phosphorylation (State 4) and activation of state 3. At
the opposite mitochondrial swelling was slightly induced only by low concentrations (1078 and 107 M) of the flavonoids.
They had no effects on the mitochondrial complexes (I to V) activity. Furthermore the mitochondrial membrane potential
was not affected by any flavonoids. The effect of flavonoids on superoxide anion generation was variable. All the flavonoids
studied acted between 10~* M and 10~® M with no effects at lower concentrations. These effects were similar on lipid per-
oxidation (malondialdehyde [MDA] levels). We remarked a concentration-dependent in the effect of flavonoids since they
acted as antioxidant and also as uncoupler at high concentrations, which is a risk for the cells. We conclude that flavonoids
extracted from algerian plants have some protecting effects against oxidative stress by protecting the mitochondria.

Mots clés : Résumé — Interaction de nouveaux flavonoides d’origine végétale avec la mitochondrie de foie de rat : relation entre
flavonoides ; les effets anti- et pro-oxydant et la concentration en flavonoides. Les flavonoides, des polyphénols extraits a partir de
mitochondrie ; plantes, possédent de nombreuses propriétés pharmacologiques protégeant les cellules contre les effets déléteres des radicaux
stress oxydatif ; libres oxygénés. Leur activité antioxydante résulte de leur capacité a piéger les radicaux libres en complexant les ions fer
respiration et cuivre ainsi que par I'inhibition des oxydases. Mais de nombreuses études ont montré que ces substances ont des effets a
mitochondriale ; la fois antioxydants et pro-oxydants. Ces raisons nous ont incité a rechercher et a évaluer les effets antioxydant, le pouvoir
rat piégeur des radicaux libres ainsi que les propriétés antiapoptotiques de ces flavonoides ou de leur association. L’étude a été

réalisée in vitro sur des mitochondries isolées de foie de rat. Le contrdle respiratoire (CR), la consommation d’oxygene, la
synthése d’ ATP, le pouvoir piégeur des radicaux libres, I’activité enzymatique des complexes mitochondriaux, la production
d’anion superoxide ainsi que le relargage du cytochrome C ont €té déterminés pour évaluer le mécanisme d’action de ces
substances.
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D’apres nos résultats, la diminution du CR observé aux fortes concentrations (0.1 mM et 0.01 mM) de tous les flavonoides
testés est due a I’inhibition des phosphorylations oxydatives (stade 4) et a I’accélération du stade 3. Cependant le gonflement
mitochondrial est modérément induit par des concentrations basses (10~ M et 10~ M). Les flavonoides n’ont pas d’effets
sur les activités enzymatiques des complexes I & V ni sur le potentiel de membrane mitochondrial. Tous les flavonoides
étudiés n’ont d’effets sur la lipopéroxydation et sur la production d’anion superoxide qu’aux concentrations comprises entre
107* M et 107® M. Nous remarquons une opposition d’effets des flavonoides qui agissent 2 la fois comme antioxydants et
comme découpleurs a fortes concentrations ce qui est un risque pour les cellules. Nous concluons que les flavonoides extraits
de plantes algériennes, agissent contre le stress oxydatif par un mécanisme de protection de la mitochondrie.

1. Introduction

Polyphenols are compounds present in plants, which include
flavonoids, phenolic acids and tannins. They possess a wide range
of pharmalogical properties. Considerable interest in these com-
pounds extracted from medicinal plants has arisen with the recog-
nition of their anti-inflammatory, anticancer, antibacterial and
antioxidant effects. Over the last 30 years, original research in
this field has increased considerably.l!'- However, despite epi-
demiological and antibacterial data on the beneficial effects of
flavonoids, the molecular mechanisms underlying interactions
with isolated mitochondria have not yet published.

Indeed, oxidative stress and mitochondrial dysfunction are
associated with disease and aging. Reactive oxygen species con-
tribute decisively to a great variety of diseases. It is clearly es-
tablished that mitochondria are the main site of reactive oxygen
species (ROS) production, which is a normal cellular process.
Mitochondria are involved in the molecular events leading to tis-
sue damage occurring in different physiopathological situations
such as ischaemia, neurodegerative diseases and in the ageing
process.37)

Of the polyphenols, flavonoids are the most studied and pos-
sess a broad range of pharmacological properties, including pro-
tection against oxidation.®'"! Plants of the Algerian desert are
an important source of flavonoids.''?! It has been established that
flavonoids play a important role in the pre-treatment of oxidative
stress and exert many effects on liver cells. However, the effects
on liver mitochondrial function are not known and little is known
about the mechanism by which they rescue cells from oxidative
damage. It is unknown if the antioxidant effect of flavonoids may
explain their protective effect and few data are avalaible about the
concentration-effect relationships of various flavonoids on liver
mitochondrial function. Indeed, flavonoids can be pro- or antiox-
idant. The determination of the concentrations effects on mito-
chondrial respiratory chain and the production of ROS are there-
fore of key relevance.

Mitochondria control intracellular calcium and upon stress
generate a high quantity of ROS which play an important role in
the evolution of cell injuries. ROS are produced by complexes I

© 20006 Société Frangaise de Pharmacologie et de Thérapeutique

and III of the respiratory chain as a superoxide radical (O3). A mi-
tochondrial — protective antioxidant strategy can prevent the oxi-
dant cascade either by prevention of ROS production or neutrali-
sation of free radicals by a scavenger effect. A close relationship
between the mitochondrial membrane potential and ROS produc-
tion has been demonstrated. 31!

The mechanism of action of flavonoids is not well defined but
it is evident that some of their protective effect can be attributed to
direct scavenging properties. A mitochondrial target has been sug-
gested to explain the protecting effect of flavonoids.!'*'¥1 Some
flavonoids with antioxidant and free radical scavenging proper-
ties were shown to inhibit also lipid peroxidation (resveratrol,
quercetin and propolis extract).[1*-21]

We hypothesized that these protective effect could be due
to a direct action on mitochondrial functions. So we have stud-
ied the effect of flavonoids on mitochondrial function and further
elucidate the mechanism of interaction of these flavonoids with
liver mitochondria. We investigated in vitro the mitochondrial ef-
fects of different flavonoids extracted from algerian plants con-
taining some flavonoids like myrecitin, lutolein, kampferol in us-
ing rat liver mitochondria, by analysing their scavenging ability
and their effects on each respiratory complex, membrane poten-
tial, swelling, superoxide radical production, lipid peroxydation
and also on oxidative phosphorylation at different concentrations.
We studied the effect of terpenoid and alcaloid compounds ex-
tracted from Algerian plants.

2. Material and methods

EGTA (ethylene gly-
tetraacetic  acid),
malonate, antimycin A, oligomycin, succinate,
malate, glutamate, NADH (nicotinamide adenine dinu-
cleotid), ADP (adenosine diphosphate), CCCP (carbonyl
m-chlorophenylhydrazone), sodium ascorbate, N,N,N’,N’-
tetramethyl-p-phenylenediamine, KCl, MgCl, and KCN were
purchased from Sigma (St.Quentin Fallavier, France). TRIS
base (tris-hydroxymethyl-aminomethane) and KH,PO; were
purchased from Sigma Co. All drugs were solubilized in distilled

used were: sucrose,
ether)-N,N,N’,N’-

Materials
col bis(-aminoethyl
rotenone,

Thérapie 2006 JuilletActt; 61 (4]



Antioxydant and Prooxydant Effect and Flavonoids Concentration

349

water in order to obtain a stock solution 107> M. N,N,N’,N’-
tetramethyl-p-phenylenediamine (TMPD) and oligomycin were
solubilized in DMF (dimethylformamide). All the controls were
carried out using the same mixture. The plant extracts solubilised
in DMF are added at different final concentrations, between
107*Mto 107° M.

2.1. Extraction of plant extracts

Chrysanthemum fusatum grows abundantly in the desert and
was obtained from the dayas of Touggourt region in the East
South of Algeria (Dr Amedah S). Solenostemma argel and Pitu-
ranthos chloranthus were obtained from Mila region in the East
of Algeria (Dr Amedah S). The dried aerial parts of C. fusatum
(4430 g) and of S. argel and P. chloranthus were sliced and mac-
erated with methanol-water (8:2 v/v). The crude extract was con-
centrated under reduced pressure and extracted successively with
CHCl; and n-butanol giving after removal of solvent 126.4 g of
butanol soluble fraction. The presence of flavonoids in this ex-
tract was confirmed by bidimential TLC (thin layer chromatog-
raphy), Toluene/ MeOH/Ethyl methyl cetone (4:3:3) and H20/
MeOH/Ethyl methyl cetone/Acetyl cetone (13:3:3:1). The spots
were detected under UV irradiation (365 nm). Molecular weight
of pure flavonoids extracted from plants, components were de-
terminate by mass spectrometry using an Hitachi S 3200 spec-
trophotometer (Hitachi, Tokyo, Japan) and by HPLC (high per-
formance liquid chromatography) using a HPLC chain (Jasco
France, Nantes, France).

2.2. lIsolation of liver mitochondria

Mitochondria were extracted from an homogenate of rat liver
by differential centrifugations. Briefly, rats (male Wistar, weigh-
ing 280-300 g) were killed by decapitation and the liver removed
and placed quickly in an ice-bath. The liver was then homoge-
nized (6 ml/g of tissue) in ice-cold isolation medium (Tris 20 mM,
Sucrose 250 mM, EGTA 2 mM and MgCl, 5 mM, pH = 7.2 at
4°C) using a Potter-Elvejhem homogenizer (Fisher Bioblock Sci-
entific, Illkirch, France). Mitochondria isolation was performed
at 4 °C without delay using differential centrifugations. The ho-
mogenate was centrifuged at 2000 g for 10 min. to remove cell
debris and nuclei, then mitochondria were separated from the su-
pernatant by centrifugation at 12 000 g for 5 min. The pellet (mi-
tochondria) was washed and re-suspended in a respiratory buffer
(KH,PO4 10 mM, sucrose 200 mM, pH = 7.2 at 25 °C) for mea-
suring mitochondrial enzymatic and respiratory activities. Protein
concentration of the mitochondrial suspension was determined by
the method of Lowry.

© 2006 Société Francaise de Pharmacologie ef de Thérapeutique

2.3. Assay of mitochondrial oxygen consumption

Oxygen uptake was determined with a Clark-type microelec-
trode (Hansatech instruments Eurosep, Cergy, France). Each ex-
periment was carried out as follows: an aliquot of mitochondria
suspension equivalent to 1 mg/ml was incubated with (or without)
the tested drug, incubated 1 min. at 25 °C in 1000 pl of the res-
piratory buffer with or without the inhibitors, then the substrate
was added and oxygen consumption has been checked (State 2).
To initiate state 3 respiratory activities, 200 uM adenosine diphos-
phate (ADP) was added to the “cuvette”. When all ADP was con-
verted to ATP, the state 4 was measured. The following parameters
were determined: the respiratory rates calculated as nanomoles of
O, per min. and per mg of mitochondrial protein, RCR (respira-
tory control ratio) expressed as the ratio of state 3/state 4 oxy-
gen consumption and P/O ratio as ADP used divided by O, con-
sumed in state 3 respirations. The rates of oxygen consumption
by the different complexes were determined according to Rustin
et al.®) Briefly, rotenone (2 uM), malonate (10 mM), antimycin A
(1 uM) and oligomycin (10 pM) were used to inhibit complexes
I, IL, IIT and V, respectively. Glutamate (10 mM) plus pyruvate
(10 mM), succinate (10 mM), ascorbate (5 mM) plus N, N, N’,N’-
tetramethyl-p-phenylenediamine (1 mM) were used as substrates
for complexes I, I, III and IV, respectively. Cholycholestanol, pro-
gesterone, testosterone, alpha tocopherol are used as recouplers of
membrane potential.

2.4. Mitochondrial activities assays

All assays were performed at 25 °C. Experiments were as-
sessed by measuring absorbance variations using a Jasco V-530
double beam spectrophotometer (Jasco France, Nantes, France)
where reference “cuvette” contained a specific inhibitor for each
mitochondrial complex assay studied in order to eliminate the
background.

2.4.1. Mitochondrial Complex | assay

Mitochondrial Complex I catalyses the oxidation of NADH
+ H* to NAD™ (nicotinamide adenine dinucleotide) with the ul-
timate reduction of ubiquinone to ubiquinol. Complex I activity
was measured as the rate of NADH (reduced nicotinamide ade-
nine dinucleotide) oxidation in presence or absence of the plant
extracts (flavonoids) at 25 °C. The reaction mixture contained:
10 pl test molecule at given concentration, 200 pg of mitochondria
(45 pl) in a final volume of 1 ml of respiratory buffer. Rotenone
(2 uM) was added to the reference “cuvette” to inhibit Complex I
activity and serve as control assay. The reaction was initiated by
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the addition of malate/pyruvate 10 pl. Oxygen consumption was
checked (State 2). To initiate state 3 respiratory activity, 200 uM
ADP was added to the “cuvette”. When the complex I was inhib-
ited G3P (glycero-3-phosphate) 20 mM was added to activate the
biochemical pathway. Percentage inhibition of state 2 (activity of
Complex I) is determined for each concentration compared to the
control.

2.4.2. Mitochondrial Complexes II-1il, IV and V assay

An aliquot of mitochondria suspension equivalent to 1 mg/ml
was incubated without the tested extract, at 25 puC in 1000 pl of
the respiratory buffer with rotenone10 mM (the inhibitor of com-
plex I). Then, 10 mM succinate were added and oxygen consump-
tion was checked (State 2). To initiate state 3 respiratory activi-
ties, 200 uM ADP were added to the “cuvette”. Before all ADP
was converted to ATP (adenosine triphosphate), 10 mM malonate
and antimycin A 1 pM (control essay) or the plant extract (8C1,
4K and ChIIl) was added and the state 4 was measured. An-
timycin A was added to the reference “cuvette” to inhibit Com-
plex III activity. When complex III was inhibited ascorbate 5 mM
and TMPD (N, N, N’, N’-tetramethyl-p-phenylenediamine) 1 mM
were added to activated the biochemical pathway. The respiration
parameters were determined as previously described for Com-
plex L.

2.5. Superoxide anion (O3) assay

Generation of O; was achieved using rat liver mitochon-
dria. Reaction mixture contained mitochondria (0.2 mg/ml), 1 pyM
CsA (cyclosporin A) and nitroblue tetrazolium (NBT) 100 uM in
1.2 ml of respiration buffer at 25 °C. The reaction was started by
adding succinate (6 mM) in the assay “cuvette” and the rate of
NBT reduction was measured at 560 nm. In absence of mitochon-
drial substrate (succinate), there was no O3 production.

2.6. Free radical scavenging assay

The scavenging ability of each plant extract (flavonoids) was
determined using diphenyl-2-picryl-hydrazyl (DPPH) stable free
radical. Test compounds were added to an ethanol solution of
DPPH 100 uM and the decrease in absorbance was recorded
against time at 515 nm in a Jasco V-530 spectrophotometer. The
curves allowed an estimation of the effective concentration of the
compound tested producing a 50% decrease in DPPH concentra-
tion at steady state (ECsp).
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2.7. Membrane potential measurement

Membrane potential was monitored by means of the fluo-
rescent dye rhodamine 123 at the excitation and emission wave-
lengths of 503 and 527 nm respectively using a fluorescence
photometer (Perkin Elmer Life Science, Wilbad, Germany). Mito-
chondria (0.5 mg/ml) were incubated in 1.8 ml buffer C (250 mM
sucrose, 5 mM KH2PO4, pH = 7.2) in the presence of 2 uyM
rotenone and 0.3 pM rhodamine 123. After 30 s, 6 mM succinate
were added. When potential was established, plant extract were
added to the medium at different concentrations (between 10™* M
and 10~° M).

2.8. Mitochondrial swelling measurement

Mitochondrial swelling was assessed by measuring the
change in absorbance of the suspension at 540 nm using a Jasco V-
530 spectrophotometer. Mitochondria (1 mg/ml) were incubated
in a total volume of 1.8 ml of buffer C in the presence of succinate
6 mM at 25 °C. Rotenone 2 uM is added to the buffer just before
the experiment. Swelling is induced by addition of increasing con-
centrations of the plant extracts.

Mitochondrial swelling is also studied under deenergized
conditions. Mitochondria (I mg/ml) were preincubated for 1 min
in a Tris buffer consisting of 150 mM sucrose, 5 mM Tris,
0.5 pg/ml of rotenone and 0.5 ug/ml of antimycin, pH = 7.4 at
25 °C in a total volume of 1.8 ml prior to the addition of 100 pM
CaCl2. Swelling was initiated 4 min later by introducing the plant
extracts at the concentrations indicated above.

2.9. lipid peroxidation assessment

Liver mitochondria were suspended in NaCl 0.9%
(0.2 mg/ml) and then incubated in a total volume of 1 ml in
the presence of Fe**/Fe** (50 uM / 50 uM) for 30 min. The
reaction was stopped with 1 ml of 3% trichloracetic acid and
1.5 ml of 1% thiobarbituric acid was added. The mixture was
then heated to 100 °C for 30 min and recooled on ice for 5 min.
The supernatant was then read at 530 nm. Results are expressed
as uM MDA or nMole/mg of mitochondrial membrane proteins.

2.10. Statistical analysis

For each compound, mean values (m) and standard deviations
(sd) of three expriments (n = 3) are given in figures and tables.

For each experiment, mean values of RCR or percentages
were compared with a one-way analysis of variance and a Dunnett
test. ECso was calculated by non-linear regression fit of effect-
concentration (C) curve to the equation:

E = (Emax X C)/(C + ECsp),
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Fig. 1. Dose-dependent effect of flavonoids (luteolin, apegenin and kampferol) extracted from algerian medicinal plants on liver mitochondrial respiratory chain
ratio (RCR). fig 1a: RCR = V3/V4 ; fig 1b: P/O (P/O = Adenosin diphosphate [ADP] used divided by O» consumed in state 3 respiration. Incubation mixture
consisted of 0.4 mg liver mitochondria, 1 mM succinate, 0.1 M ADP in a buffer total volume of 1 ml.

where E, .« and ECs are the maximal effect and the concentration
producing 50% effect respectively, using a commercially available
software (Micropharm-K).[??!

3. Results

3.1. Chemical nature of plant extracts

The flavonoidal prints of our plant extracts and the de-
termination of their chemical compositions shows that 8C1
is a flavone (luteolin 3’-O-glucoside), 4K (Kaempferol-3-O-
neohesperidoside) [C27H30015] and ChlIII is 3 (apigenin-6,8-di-
6-glucoside) [C27H30015] flavonols extracted from C. fuscatum,
Solenostemma argel and Pituranthos chloranthus plants respec-

tively.
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3.2 The effect of flavonoids on mitochondrial functions

3.2.1. Effect of flavonoids on mitochondrial respiration

We studied pure compounds 8C1 (luteolin), ChIII (apigenin),
4K (kaempferol). These flavonoids increased the oxygen con-
sumption (state 3) and inhibit state 4 at higher concentrations
(0.1 mM), causing a decrease of respiratory chain ratio (RCR =
V3/V4) and P/O (Figures 1a and 1b). Flavonoids had no effect
on RCR and P/O at concentrations between 10® M and 10~° M.
The effect of flavonoids on respiratory chain was concentration-
dependant leading to a biphasic curve with a slight increase of
P/O at Jower concentrations 10~7 M to 10~ M but not significa-
tively and a decrease of P/O at higher concentrations (1074 M);
p < 0.001. Flavonoids act on states 3 and 4 as shown in Table I.
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Fig. 2. Effect of flavonoids (luteolin, apigenin and kaempferol) on mitochondrial swelling. Mitochondria (1 mg/ml) were incubated in a total volume of 1.8 ml of buffer
C (250mM sucrose, 5 mM KH2PO4, pH 7.2) in the presence of succinate 6 mM at 25 °C. Rotenone 2 uM was added to the buffer just before the experiment. Prior
to the addition of 100 uM CacCl2 swelling was induced by addition of increasing concentrations of flavonoids.

Table I. Effect of flavonoids (8C1, Chlll, 4K) on oxygen consumption
(nmol/mg/min) by rat liver mitochondria (states 3: oxygen uptake in presence
of 0.2 mM ADP and 4: oxygen uptake in presence of 10 mM succinate and
2 uM rotenone) at 1079 and 10~* M (lower and higher concentrations respec-
tively). Mean of three experiments (m + sd). Treated versus Control: ns: no
significant; *: p < 0.5; **: p < 0.01; ***: p < 0.001.

Table ll. Effects (% inhibition) of flavonoids (apigenin, luteolin and kaempferol)
on complexes | to V enzymatic activities of isolated rat liver mitochondria.
Rotenone, malonate and KCN were used as inhibitors of complexes I, Il and
1V, respectively.

Compound 10° M 104 M
State 3 State 4 State 3 State 4
Control 117 +12 21+£6 117 £ 12 21+6
Apegenin (Chlll) 110 + 19 29+9 63+ 15 19+5
ns ns b ns
Luteolin (8C1) 119 £ 20 28+8 123 £ 22 28+9
ns ns ns ns
Kampferol (4K) 124 + 22 29+8 74 £12 30+8
ns ns .

3.2.2. Effect of flavonoids on mitochondrial swelling

Addition of flavonoids to a mixture of rat liver mitochon-
dria with 25 uM calcium, under energized (in the presence of
succinate) [figure 2] or de-energized conditions (without succi-
nate) inhibited slightly the rate and the amplitude of mitochon-
drial swelling at 10~® M and 10~ M concentrations. However, at
higher concentrations (10~* M and 10~> M) flavonoids seems to
increase the swelling. The effect is observed with pure flavonoids
(8C1, 4K, ChIll) and mixtures.

3.2.3. Effect of flavonoids on mitochondrial (Complexes I to V)

The flavonoids tested pure or as a mixture had no effect
on the mitochondrial complexes I, II, III, IV or V compared
to the activity of compounds tested in the experiments for their
inhibitory effects on the differents complexes I (rotenone), II (an-

© 20006 Société Francaise de Pharmacologie et de Thérapeutique

Complexl ComplexIi Complex  Complex
toV toV liitoV IVtoV
Control No Effect No Effect No Effect No Effect
Rotenone 10 mM 100% No Effect No Effect No Effect
Flavonoids No Effect No Effect No Effect No Effect
Malonate 10 mM No Effect 100% No Effect No Effect
KCN 5 mM No Effect No Effect No Effect 100%

timycine), IIT (RU1 a novel terpene compound), V (cyanhydric
acid) [Table IIJ.

3.2.4. Effect of flavonoids on mitochondrial membrane
potential

Modification of the mitochondrial membrane potential is a
signal of apoptotic process. Luteolin, apigenin and kampferol
have no effects on this parameter at concentrations ranged be-
tween 107 M and 10™ M (Table III).

3.3. Antioxidant effects of flavonoids

3.3.1. Scavenging activity of flavonoids

Compared to the raw extract (Figure 3), all the flavonoids
showed a high scavenging effect except methobenzoic acid and
a moderate effect with quercetin and myricetin. The effects of
quercetin are similar to those observed with other flavonoids like
4K, ChIII and 8 C1 who are active at 10~ M.
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Fig. 3. Scavenging activity of the flavonoids. Flavonoids (apigenin, kaempferol, luteolin and vitamin E) at different concentrations were added to an ethanol solution
of DPPH 100 uM and the decrease in absorbance was recorded against time at 515 nm in a Jasco V-530 spectrophotometer. DPPH: diphenyl-2-picryl-hydrazyl.
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Fig. 4. Effect of flavonoids (4K, 8C1, Chlll, kaemferol, luteolin and apigenin respectively) compounds on super-oxide anion production. Liver mitochondria (0.25 mg
protein/mi) were incubated at 25 °C with 6 mM succinate, 1 uM cyclosporin (CsA) and 100 uM nitroblue tetrazoliumin a final volume of 1 ml of buffer. The reaction
was started by adding succinate and the rate of nitroblue tetrazolium reduction was measured at 560 nm. ns : no significant; *: p < 0.5; **: p < 0.01;***: p < 0.001.

Table Ill. Effects (% of inhibition) of flavonoids (apigenin, luteolin and
kaempferol) on membrane potential of isolated rat liver mitochondria. Values
are mean of three experiments, ns: no significant.

Membrane potential (% inhibition)

Apigenin

4+£07
10*M ns
Luteolin 1.5+ 0.03
104 M ns
Kaempferol 1.9+02
104 M ns

3.3.2. Effect of flavonoids on superoxide anion production

In order to evaluate the role of the antioxidant or pro-
oxidant of the flavonoids in liver mitochondria, superoxide anion
production was measured. Figure 4 shows that flavonoids reduced
the production of anion at concentrations of 1078 M and 10° M
and increased it at higher concentrations 10~ M and 10=> M.

© 2006 Société Frangaise de Pharmacologie et de Thérapeutique

3.3.3. Effect of flavonoids on lipid peroxidation

Flavonoids inhibited the lipid peroxidation of liver mitochon-
drial membrane. The inhibition of lipid peroxidation reached 90%
at 10™*M concentration with the pure flavonoids (8C1, ChIII, 4K)
[Figure 5]. Flavonoids shows a good protection against lipid per-
oxidation of mitochondrial membranes.

4, Discussion

Our results have permitted to clarify the effect of flavonoids
on liver mitochondrial respiratory and we concluded that an ex-
cessive consumption of flavonoids may be a risk for the cells and
tissues and induce diseases.

The biological activities of flavonoids extracted from en-
demic plants of South Algeria are related to their antioxidative
effects. Our study presents the interaction of flavonoids with liver
mitochondria and discusses their antioxidant activity, their pro-
oxidant risk. The aim of the present work was the chemical survey
and the assessment of the biologic effects of different flavonoids
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Fig. 5. Variations of liver mitochondria malondialdehyde (MDA) levels (nMol/mg) in the presence of different flavonoid concentrations, from 105 Mto 107° M (8CH1,
4K, Chlll are luteolin, kaempferol and apigenin respectively). ns : no significant; *: p < 0.5; **: p < 0.01; ***: p < 0.001.

extracted from medicinal plants coming from the south of Algeria
(Touggourt).

In the first place, we were interested in their chemical pro-
files. The chromatographic analysis (HPLC) permitted to clarify
the nature of the compounds in the extracts, flavonoids such as
luteolin, kampferol and myrecitin.

Our results confirm the anti-oxidant role of the
flavonoids.!> 1421231 These have the capacity to capture and
to deactivate free radicals.[% 1524 Some of the flavonoids, such
as quercetin, artepillin C, a major component of Brazilian
propolist®! and cathechins?>2¢! can effectively protect cells and
tissues against the damage effects of reactive oxygen species.
Their antioxidant activity results from scavenging of free rad-
icals and other oxidizing intermediates, from the chelation of
iron or copper ions and from inhibition of oxidases. For their
free radical scavenging properties, scavenging of lipid- and
protein-derived radicals is presumably of special importance.
A non-radical reactive oxygen species effectively trapped by
flavonoids is hypochlorous acid. Generally, the antioxidative
properties of flavonoids are in relation with a high degree of OH
substitution. 27281

Induction of the mitochondrial permeability transition has
been implicated in several cellular events. It results in a rapid loss
of membrane potential, uncoupling of respiration and inhibition
of ATP synthesis.?”! Our study shows that the flavonoids alone
are unable to restore the loss of membrane potential induced by
potent inducer of mitochondrial permeability transition such as
ferulenol (Results not shown). Many compounds tested (testos-
terone 500 uM, progesterone 5000 uM, ketocholestanol 500 puM,
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atractylate and carboxyatractylate 250 uM) were unable to inhibit
the collapse of membrane potential induced by ferulenol (Results
not shown).

The flavonoids act by opposing the binding of free
radicals.?- 2839 Plant flavonoids are efficient trappers of hydrox-
yle and peroxyde radicals particularly implied in lipid peroxyda-
tion. This is how it seems likely to us that the flavonoids opposes
the toxic action of the reactive metabolites.

Our study shows that flavonoids play two opposite roles:
an antioxidant effect at lower concentrations ranging between
100 M and 10® M and a pro-oxidant effect for concen-
trations higher than 10~ M. These results are in agreement
with published data. Effectively, it is clearly demonstrated
that the same flavonoids could behave as both antioxidants
and pro-oxidants, depending on concentration and free radical
source.31-33] Flavonoids acted as antioxidants against free radi-
cals but demonstrated pro-oxidant activity when a transition metal
was available. The antioxidant activities and the copper-initiated
pro-oxidant activities of these flavonoids depended on their struc-
tures. Flavone and flavanone, which have no OH substitutions and
which provide the basic chemical structures for the flavonoids,
showed neither antioxidant activities nor copper-initiated pro-
oxidant activities. However, it is known that OH substitution is
necessary for the antioxidant activity of a flavonoid.

It has been observed that flavonoids in the presence of Cu?*
without hydrogen peroxide (H>O») acted as pro-oxidants rather
than antioxidants, and this copper-initiated pro-oxidant activity al-
ways increased with the concentration of the flavonoids. This find-
ing does not support the concept of chelation by some flavonoids,
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including flavonols like quercetin.!®! The flavonoids that contain
multiple OH substitutions have very strong antioxidant activities
against peroxyl radicals. In this regard, some of the flavonoids
which induce a concentration-dependent antioxidant effect dis-
play interesting properties in the protection of cells and tissues.
By contrast, the flavonoids that show pro-oxidant effects could
serve as anticancer drugs.

The cell survives the toxicity of the free radicals that are
formed in the course of normal metabolism by their confine-
ment to organelles; by the catalytic action of super-oxide dismu-
tase (SOD); and by the sacrifice of endogenous reductants, such
as cysteine, glutathione (GSH), ascorbate, tocopherol (vitamin
E), and ubiquinol.?* 3! However, when free radical production
in pathological situations becomes excessive,’%! then additional
antioxidants and radical scavengers should be given to minimise
the damage to the membranes, enzymes, and genes. Flavonoids
are excellent agents for this purpose.
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