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Angiotensin-converting enzyme | inhibitory activity of Cassia tora and its

anthragquinone constituents

Hyang Lee

Graduate School of Education

Pukyong National University

Abstract

The renin-angiotensin system plays a relevant iolthe regulation of an organism’s
water, electrolytes and blood. Angiotensin ConwgrtEnzyme (ACE) is a zinc-containing
enzyme, and plays an important physiological raeleregulating blood pressure. This
enzyme increases blood pressure by hydrolyzingd#tapeptide angiotensirto potent
vasoconstrictor, angiotensifii, which exercise a powerful vasoconstrictive actamd
stimulates the secretion of aldosterone, which ptesrsodium and water retention in the
kidneys and the consequent increase in arteryymessherefore, inhibition of ACE results
in an overall anti-hypertensive effect. As food aradural herbal plants are rich sources of
bioactive chemicals, and are mostly free from hatrefde effects. The objective of this
study was investigate the inhibition of ACE actity Cassia tora which consumed as tea
in Korea.

The dried or roasted seeds@dssia tora L. (Leguminosae) are used in Chinese herbal
medicine to improve vision and it is also reputed ifs medicinal value as an aperient,
diuretic and antihypertension.-In the present ssidthe ACE inhibitory activity of the
MeOH extract and its organic solvent soluble fiawsi such as Ci&l,, EtOAc, n-BuOH
fraction and HO layer from dried or roasted seed<Cofora were evaluated.

The MeOH extracts from raw and roasted seed o€Cthera had potent inhibitory effects
on ACE activity and the inhibitory activities ineged with the increase of extract
concentration. They were partitioned successiveith weveral solvents, and their ACE
inhibitory properties were further assessed at eotration of between 32.69 to 169.72
png/ml. The EtOAc soluble fractions obtained from ramd roasted MeOH extracts

evidenced significant inhibitory activities withehCs, values of 94.65 + 0.9gg/mL and



74.94 + 0.08ug/mL, respectively. Further detailed phytochemiicalestigations of the
ACE inhibitory activities of the EtOAc fractions wee conducted by the repeated
chromatography over silica gel, Sephadex LH-20 BRd18 gel columns, and led to the
isolation of seven antraquinonesguestin {), 2-hydroxyemodin 1-methylether2),
emodin @), alaternin 4), glucoobtusifolin §), gluco-aurantioobtusin/{, cassitorosided),
toralactone gentiobiosid@)], two naphtopyrone glycosides [cassiasiB§ ¢hrysophanol
triglucoside {§0)Jand a naphthalene glycoside [cassitorosid®)].( The structural
identifications of these compounds were performgamlysis of 1DH-NMR,*C-NMR)
and 2D NMR(HMQC and HMBC), FAB-Mass spectral daaamd by comparison with
published spectral data. The ACE inhibitory effemtshe ten isolated compounds, as well
as obtusifolin $a) and aurantioobtusin7@) were obtained fromb and 7 by acid
hydrolysis, respratively. Among the tested compasuhd5b, 6, 8-10 did not show ACE
inhibitory activity within tested concentrationsca2-4,. 7 exhibited ACE inhibitory
activity. Especially ACE inhibitory properties ofugo-aurantioobtusin?) was ranked
quite high, with'IG, values of 30.24 + 0.20M, which manifested in a concentration-
dependent manner. In these ACE as2a# manifested marginal inhibitory activity, with
ICso values of 219.66 + 1.43, 236.11 + 6.61 and 84176.36uM, respectively. The
inhibition kinetics for the7 was analyzed by Lineweaver-Burk plots. The redunliscated
that 7 exhibited a competitive-type of inhibition withsgect to the substrate(FAPGG). The
equilibrium constant for inhibitor binding,; Kalue of7 was estimated to be 8.3 x 3®/.
Because of ACE has been reported to be implicatextli oxidative stress by augmenting
the generation of both reactive oxygen species (RS peroxynitrite, the inhibitory and
scavenging activities &f on total ROS generation and on ONQ@re also evaluated. The
result that7 evidenced marked inhibitory and scavenging a@isjtwith 1G, value of
49.64 + 0.31M for total ROS generation, and 4.60 + 14 for ONOQO. According to
the results of the peroxynitrite and ACE ass&ydpra and its isolated anthraquinones may
take certain parts on the ACE-related mechanismerinin-angiotensin systems, associated

with the pathogenesis of diabetes, hypertensioanthis, and ROS generation.



I. A&

277 (Cassa tora L.)E HobHElzht FHAED  07AEA]
TARA T3, FElvEt FANA FEow AujE I STt (o], 1985).
e A dues foE ARAtet s%lal, A Bl e
ettt SlA whAl AW (BEsRolEta: ST (RfA4 75, 1980).
B TR AUV dedH, RS T, 542 Cassa toras

35kal, QB FHxE Cassa tora®t Cassia obtusifolia E5E E38Hr)

(JRk24:75, 1980). =3+ C. occidentalis, C. torasa, C. sophera®l 3%
Exdw  (EERU)olzr EH, FA= Fo TREGE st
ATk (a7, 1980)

dAgate 558 0 2 Ve A871E s8EA ol&HL du
=3 T35 obol A Fel A d@dor AvEHI . ABA=
Aedoz o, dddetAls 4l 24 B thdd dHol
e oR ggsts FEa she oR LeA 9th (Zhenbaoet al,
2007). d 258 oA = £ Aol A Aol AMu AU
A T=ol & W (REARE), ol A HAS W 2t
(RWH) & AWSAAL, JAEdM = 2dat 7R FRtss 9FE

ol
_|>~_l‘
rr

2 7ol AMg3l71% 3}t (Acharya and Chatterjee, 19753+ Z
T2 B oyl 3t B T AE AAVE F712 (impetigo), %

(ulcers), 7159 (helminthiasis), 3}A] (purgativep] = &0l A}&57]%=

dnad

63

st} (Dailziel, 1955; Irving, 1961).
A zte]l Aol ek AFE ¥ anthraquinong naphtho-pyrone
WA A ¥o] wial chrysophanol, physcion, obtusin, aurantio-obtusin,

rubrofusarin, nor-rubrofusarin (Kimurgt al., 1964), aloe-emodin, emodin, rhein



(Tabata et al., 1975), obtusifolin-monoglucoside, physciofs-gentiobioside,
chrysophanol-triglucoside, chrysophanol-tetraglidms (Wong et al., 1988),
chrysophanol-13-gentiobioside (Ragaunathahal., 1974) 2] 3L rubrofusarin-
[D-gentiobioside (Kanedat al., 1969, Ragaunathast al., 1974, Wonget al.,
1989), rubrofusarin glycoside, cassiaside, torataef>-D-gentiobioside (Wongt
al., 1989), toralactone (Takahashi and Takido, 19¢8&3}sitoroside (choi, 1995),
alaternin 2-OB-D-glacopyranoside (Lee, 1998) H 11 Y3t} 9ol %= S
sitosterol (Ragaunathaat al., 1974), torachrysone (Shibaggal., 19698} 3} = ©|

B 3% %o, palmitic acid, stearic acid, oleic acid, linolgicid’} 2 g z}ol] 4]
28 F9o AWtoz HuHEATH (Koshioka et al., 1978). —1Z]al
AAE Foke W BdE = 7] A2 GC GCIMSE &1, #H1%
A3 HE &7 EolA A, Ake] Aojgel ntek pyrazines, furani2
A gEFo]l AA F7FsFR T gt} (Kim, et al., 1995).

Bl A Bid Adzl#d dFE AFEY Choi T (1997)>
A zo| A B3  anthraquinone B3 A7} aflatoxin Boll thasl=
A adts  YepdS  #B3a, 2 AFolAE anthraguinonel
mycotoxin®] E<Ho] " FAH S JAste IFsAWolz FgId S
Aol HuEATH (Hau eteal., 1995). T3k AWz} F=Eo] ethanokR
28 THAESAHS 7R = A2 hepatic enzymess catalase, superoxide,
dismutase, glutathione peroxid@eZd e S7IA7 tH T @3E Ho|=
2ol WAL} (Choi et al., 2002). ¥%F oluz} Aol dud<t
ate} A=A A Koo 5(1976)> ZH A2 =, methanolF=E°] vl 3t
AolA AdS adE HerlRer oo Wigd FdH dJdEd=
Wi Aetr Baskodch Hol Patl 5 (2004)> ZAH

ZZ=%, ether soluble fraction, water soluble fract®bn® @ FA}sE ol A

4 2}2]  ethanol

g% total cholesterol, triglyceride, LDL-cholestedl = 74 3} 1L,



HDL-cholesteroP| <= F7lste] A™A7 AALDT adt des
Wt S A Hud Aol AL antioxidant (Yeret al.,
1998; Zhanbacoet al.,2006), antihepatotoxic (Wongt al., 1989b), antiallergic
(Zhang and Yu 2003), antimutagenic (Clbial., 1998), antifungal (Kimet al.,
2004), radical scavenging (Chetial., 1994), antimicrobial (Hatanet al., 1999),
hypotensive activity (Kot al., 1976a, 1976b; Chaat al., 1976)c- 0. & T}t
AEeAola ofstAg] dAd s THA = Aow WA AUt

2 ATl E nEste]l Add d3kn Aol Fd AddAeln
AAA el A%l EAE dFgl wEk (Loizzo et al., 2007) oFA]o}
ozl ugteld HA AiEaz 30 FEE A T o+ As
Aol disl dudsd a3 1 dd=dE ATkt

Rennin-angiotensin-systefn A A =23 d3id, Ao 4o Fag
A 3ks 3shr}. Angiotensin-converting enzyme (ACE, peptidyl deide hydrolase
EC 3.4.14.1% o} & d435ka Qe FEoleasrz AdRn 443,
dore] A e FoF A Zleses T 55 g
A S5 18l o8 EAEHE Ao=E ¢4 3tk Renin
angiotensin systerliA] ACES] tiA} &AL renirell F-X%  decapeptide
angiotensin (aspartic  acid-arginine-valine-tyrosine-isoleuchistidine-proline-
phenylalanine-histidine-leucine) 732 gk I A190 octapeptide
angiotensidl (aspartic - acid-arginine-valine-tyrosine-isoleuchistidine-proline-
phenylalanine} 73 Feoll wel o] F7kete= o &E Hial Ut
angiotensin 1= 41743 Ad3 Z )4 aldosterong] +H|E A=3}o],
AA &} =9 EHFE S/HA7IAL, A rennine] A E
7N 71t} w3 ACEE Kallikrein-kinin systemt] #ojdlo] mAd S
stdal A e WEle bradykinine] S AsAIZICE ®gk opE)
Mol AkslA stresgt TR o] o] reactive oxygen spesies (ROE)

of\
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HS dute 4 dS Aot ¥4 ACE AsiAE captopril, benazepril,
enalapril, lisinopril 5-0] 4Wtg oz AW At 28y o] 4 ACE
AaAlel  WHalA= 71F  (coughing), T]Ztol’d (taste disturbances),
Z-5d% (hyperpotassemia), ¥ 57 (skin rashesy o] -z 8o HI
¥ a1 9lt} (Atkinson & Robertson 19792k H o] A8t 7
A ZL ACE AafiAle] A3 dAe 728 glo] dav ddd 4w
A5 Ewdx & F U= AoH. & dFdAe dERY Fadsd
w37 dval gkl AWAtE ACE AsjatsE Agsiala
Ao el grHskT. AAmAet HE 2% MeOH
E3} CH,Cl,, EtOAC,n-BUOH 2 H;0 £ &0 ts] ACE As|ZA S

o An AARAe] MeOH FEEol B Awas
,1

1
ol
-
=1

flo

ol @Wol o}
= & T Ui 8 AAg AEES B 7] $s EtOAc EEZ
Silica gel column chromatograsply Sephdex LH-20, RP-18 A}-8-3}¢]
AEs sl 29E d3E0 72 IR, UV, 'H-NMR, “C-NMR,
HMBC, HMQC % EIMSGE 9 #3384 Wizl &3 9 spectral datd
o] &3dte] IdE 1~102=2 FASUTE olE EHF sidEol Wil
ACE A& A3t A7} 2-4,7014 &40 Yefwten 53] gluco-
aurantioobtusin )= 7F3 %<2 ACE AslayE HATE Kineticss

o]-&3}o] gluco-aurantioobtusin7)> 32 AsAlolH 712 A @i}



a2l o] AL A7 st ¥ ba, 7acl Wis] ACE A si&/d ¥}
ROS, ONOO 47 &A= H7bsidlth. 1 23 %2 ACE Asjayts
B3l 7#rt ofyzg} 5, 5a, 7ax #H ol ROS, ONOOA7 E4 & Kol
oot 297 MeOH =53 £9& T2la 29 33E ACE
A8 &4, ROS, ONOOAA AL F3] 2™ A2l anthraquinonedl] B4,
£3] gluco-aurantioobtusin 7j°] ZAwW=Ale] ACE AHIEAHLE Hole

gl % st 9 A
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1. AE
2 AgolA A183 AWA (Cassa tora)e 20053 F-A4kell AAg
ol Fergol FAow Ttk AE TR £ AT

2. Alek € 7)7]

2-1. A<k

Column packing materiafs Kiesel gel 60 (Si gel, 70-230 mesh ASTM, Merck,
Art. 7734y} Sephdex LH-20 (bead size 25-100, Sigma), RP-18 (Lichroprep
RP-18, 40-63um, Merck)e A}-8-3}%1.2™, TLC (Thin layer chromatography)
plate= kieselgel 60 k,(0.25 mm, precoated, Merck, Art. 57#5) RP 18 Bsus
(Merck, Art. 5685E A}&3}%1o1, spray reagefit 50% HSOS
AFE3EFTE 3% 2 column chromatograpti= 135 A 9F2 AFE3}A T
NMR 3 A] Al4-3F &= DMSO4s; (Merck, deuterium degree 99.95%),
CDCl; (Merck, deuterium degree 99.959%)}.- ACE (1 Unit, rabbit lung),
FAPGG (N-[3-(2-furyDacryloyl]-Phe-Gly-Gly), captoib DL-penicillamin OL-2-
amino-3-mercapto-3-methylbutanoic acid), Trolox  hf@toxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid), 2', 7'-dareldihydrofluorescein diacetate
(DCFH-DA)2} DHR 123 (dihydrorhodamine 1238) Molescular Probes (Eugene,
OR, USAE F-H T332, ONOO+ Cayman Chemicals Company (Ann
Arbor, MI, USA)S. 2 58 T-9]so] gabst &4 A2 Aladskalt.



2-2. 717]

IR spectrun® Perkin-Elmer 2000 spectrophotomeferr}-831o] KBr disc
Ho=z FAJSTE UV spectrophotometér VARIAN  UV-Visible
spectrophotometé& N s CD
spectropolarimetég A3t SAHTG o, FEE  Perkin-Elmer
polarimeter 341 (USA} AH&stolth X3 EIMSE JEOL JMS-700
spectrometes AFE-31% T TLC plate] 23k 3gE HAMA] UV lamp
(Model ENF-20C, spectroline, USE) &3 (365nm), ©3}4 (254nmyl| A]

Ay

A& JASCO-715

o

ztzy ##skdth. 2, 7'-dichlorodihydrofluorescein (DC#) oxidized DHR
123°] 33} ZEE= microplate fluorescence reader FLX800 (Bio-Tek
Instruments Inc® =733tk NMR spectrun® JEOL JNM-ECP 400 'd-
NMR 400MHz; °*C-NMR 100MHz)& A}-&-3te] 57438191 o, 2D-NMR ¢!
HMBC, HMQC*: pulsed field gradiefg AH-&3lo] =338kt



A A2 (Raw C. tora)9} 2 AW At (RoastedC. tora) MeOH F&%
EL M R34S Scheme ¢ YEMWATH ZHZE (500 g)
st o7 IZ471E F&2AS [ H2 F 3 LY MeOHol| ¥
T FEAA A FEEAT. g FERLE o} sko] rotary
vaccum evaporaté AH8-3to]l 5535t 9ok 22 WH o R T 23
O WkEsle] ARl A 63.8 g MeOHFEES da1, B& A A}olA
515 ¢= ¥4tk 1 5 Z7He] AlFolA MeOH % 559 ¢ 05 g<
24 A9E 98 vialel ®o} desiccator] H#Asklth ywA=
H,O:MeOH (9/1, vivp] &8 = =3l tha 8 Zui7]o] Fof &
CH.ClL,Z Yo} 7}8%3E Rol FFwx (sodium sulfate, anhydroug)
A thy FEFoATh o9 T2 whHoz ¢ wHEEStY CH.CL

#eZ 122 g / 157 g2 ATh TLg WHOE EtOAcE H,0 #35%9
7tsle] 2359 EtOAc 7F8-5F-E Eol EtOAc @& 3.1 g/ 52 ¢ IAUTh

gk n-BuOHe s = sdgk WS Alsste] %59 n-BuOH i
19.69/9.6 g+ 3t=2 H,O &% 29.0g/83& AUt



Raw or roasteassia tora (each 5009)
Reflux with MeOH
MeOH extract (63.8 g/51.5 Q)

Suspended with #D: MeOH (9:1)

Aqueous layer

Partitioned with CHCI,

CH,CI, layer Aqueous layer
(12.2g/15.7 g)

EtOAc layer Aqueous layer
(3.19g/5.20)

n-BuOH layer Aqueous layer
(19.6 g/9.6 g) (29.0g/8.39)

Parttioned with ChCl,

Partitioned wit-BuOH

Scheme 1. Extraction and fractionation of raw oasted

C. tora. (Figures in parenthesis indicate yields of raw avabted seeds)
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e

A2} (Cassa tora)e] MeOH F+=E3 8 E CH.Cl, EtOAc, n-
BuOH &3} H,0 Fo ACE AdfEAHE At oo EtOAc
RN F2 IS H¥ o Silica gel, Sephadex LH-20, RP-18 column
chromatographi 3sto] &4 A& T8, sAsth

7} subfraction 2 2. A" gEo| dlste] CH.Cl;:MeOH (20:1),
CH.Cl,-MeOH-H,0  (10:1:0.1, 7:1:0.1, 5:1:0.1), Hexane:EtOAc (4:1)
A8 w24 TLC 3} 50% HSO, (TLC sprayer, MerckE RHAA]A
200°C °] hot plate oA E3pA AT 2832 254 nnel 365 nne] UV

lampE Atg-sto] F3& W= =22 S8t

3-2-1. Acid hydrolysis®

5 mgel AN EE 5%HCI (5 mLplA 3A1%F &<t Sf d4A7 +
RS AS  FFAZT ofF  EtOAcE. skl 1 EtOAc FE
(aglyconey} H,O (sugarks = S=0otiLl MeOHE A ZAAsAL 243
column chromatograplfe] 7 A 8 1t} (Parket al., 1991)..

{1

O

10
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3-3. 297} EtOAc 29 A& £7

277kl MeOH FE=EEFE ¢ EtOAc dES t¥do= A
eg 38& Scheme 2 HEHIT. 29 A EtOAc & 5.2 g
4718 CH,Clx:MeOH (CHCl::MeOH=20:1-1:1, MeOH, gradienffA]

™

N

silica gel column chromatograply> 13712] subfractions (fr.1-13% 2 At}

Fr. 2 (0.11 ¢g& A70l&v]l Hexane:EtOAc (4:1# silica gel column
chromatographyl©] subfraction (fr. 2-1 ~ fr. 2-6 F oW o]F fr. 2-1&
718w Hexane:EtOAc (5:1, MeOH, gradie®) silica gel 3% compoundi
(questin, 5 mgg w2]3F31oH, fr. 2-2 9} fr. 2-45 A MeOH A2 A H o
9] compound2 (2-hydroxyemodin 1-methylether, 13 mgF compound3
(emodin, 15 mgp- & ztzt 223ttt Fr. 2-55 60% MeOHE ©] &3}
RP-18 column chromatographgt©] compound4 (alaternin, 12 mgg A At
Fr. 7 (0.84 g& silica gel (CHCIl,-MeOH-H,0O, 15:1:0.1y} RP-18 column
chromatograph ©]-83}9] compound 5 (gluco-obtusifolin, 45 mgE
=23} AL, Fr. 8 (0.35 g& MeOH A2 d &) °]3] compoundd (cassiaside,
120 mge.2 ®F3IATh Fr. 9 (0.92 g)= A/lE&vl CH.ClL-MeOH-H0
(15:1:0.1 A}-&-3}] silica gel column chromatographyl©d compound?7
(gluco-aurantioobtusin, 107 m@)= w2 5F% 3L, Fr. 11 (0.98 g¥ 7]
CH,Cl,-MeOH-H,0.  (7:1:0.1% silica gel . colum@}®] compound 8
(cassitoroside, 20 mg¥} compound9 (toralactone gentiobioside, 80 n&)
AT} Fr. 12 (0.84 g A 7181 CH,Cl,-MeOH-H,0 (5:1:0.1-1:1, MeOH,
gradients  ©]83lo]  silica gel columel$li  RP-18  column
chromatographz  “d #| 3} compound 10 (chrysophanol triglucoside, 20
mg)o-2 2 3Fth A2 AFe] EtOAc fraction (3.1 gl WA= H] =3k
W 0 2 chromatographéle] compoundl =102 &3t}

11



EtOAc fr. (5.2 g)

~Sigelc.c.
(CKCI, : MeOH , gradient)

Fr. 1 Fr.2(0.11g) Fr.7(0.84g) &(0.35¢Q) Fr. 9 (0.92 g)

!—¥_th

1 2+4 5 6

l v v
Compoundi Compound Compound Compound/
Compound2
Compound3
v
Compoundd
Fr.10 (0.62g) Fr. 11 (0.98 g) Fr.12@0¢  Fr.13
A\ 4
Compound8 Compound 0
Compoundd

Scheme 2. Isolation of compountis13 from the EtOAc

fraction of roastedC. tora

12



3-4. 494 EtOAc oA Eed Aiol w3shd A4,

s}84  o]F (chemical shiff®: &v peale 7|To=Z, Z2 U
X +=E4 tetramethylsilane (TMSY AF&3te] ppm ©91S el
DMSO-ds= oy 2.507 3¢ 39.5 ppmll A& peak, CDCI= UWlH-IF &
(TMS)2  7|F2o2  Yehidth.  'H-NMR2F  “C-NMR9 UF%
(multiplicities)= Z+Z} s (singlet), d (doublet), t (triplet), dd (doulnleublet), brd
(broad doublet), brt (broad triple). 2] I m (multiplet)>. 2 A5} T

=4
N

i)

Compoundl (Questin)

'H-NMR (DMSO-ds, 400 MHZz)$: 13.39 (OH), 7.41 (1H, s, H-4), 7.16 (1H,Jd
1.9 Hz, H-5), 7.10 (1H, s, H-2), 6.77 (1H,&k 1.9 Hz, H-7), 3.88 (3H, s, OGH
2.38 (3H, s, Ch); °C-NMR (DMSO4,, 100 MHz)5: 185.9 (C-9), 182.5 (C-10),
163.6 (C-8), 166.0 (C-6), 124.1 (C-2), 161.7 (C-136.7 (C-11), 146.3 (C-3),
118.9 (C-4), 132.1 (C-14), 114.5 (C-13), 111.7 @:1107.8 (C-5), 105.1 (C-7),
56.2 (OCH), 21.3 (CH).

Compound2 (2-Hydroxyemodin 1-methylether)

'H-NMR (DMSO-ds, 400 MHz)3: 13.11 (OH), 10.68 (OH), 7.77 (1H, s, H-4), 7.04
(1H, d,J = 2.2 Hz, H-5), 6.53 (1H, dl = 2.2 Hz, H-7), 3.79 (3H, s, OGH 2.28
(3H, s, CH); *C-NMR (DMSO+,, 100 MHz)3: 186.5 (C-9), 180.9 (C-10), 164.6
(C-8), 164.6 (C-6), 155.8 (C-2), 147.2 (C-1), 1363511), 131.9 (C-3), 126.0 (C-
4), 124.8 (C-14), 123.7 (C-13), 110.2 (C-12), 107{&7), 107.2 (C-5), 61.2
(OCH), 16.5 (CH).

Compoundd (Gluco-obtusifolin)

'H-NMR (DMSO-ds, 400 MHz)$: 12.76 (OH), 7.87 (1H, s, H-4), 7.74 (1HJt
7.9 Hz, H-6), 7.64 (1H, dl = 7.9 Hz, H-5), 7.34 (1H, d= 7.9 Hz, H-7), 5.02 (1H,

13



d, J = 7.5 Hz, H-1"), 4.42-3.06 (m, glucosyl-H), 3.83H(3s, OCH), 2.43 (3H, s,
CHy); *C-NMR (DMSO4ds, 100 MHz)&: 188.0 (C-9), 181.4 (C-10), 161.4 (C-8),
154.7 (C-2), 153.3 (C-1), 141.5 (C-3), 136.5 (C-B32.6 (C-11), 129.7 (C-14),
125.2 (C-4), 124.6 (C-13), 124.1 (C-7), 118.4 (CE)6.9 (C-12), 103.8 (C-1),
77.4 (C-3"), 76.4 (C-5), 74.1 (C-2), 69.8 (C-#),.5 (C-6), 60.9 (OCH, 17.6
(CHy).

Compoundda (Obtusifolin)

'H-NMR (DMSO-ds, 400 MHZ)5: 12.79 (OH), 10.33 (OH), 7.82 (1H, s, H-4), 7.73
(1H, t,J = 8.0 Hz, H-6), 7.63 (1H, d = 8.0 Hz, H-5), 7.32 (1H, dl = 8.0 Hz, H-
7), 3.82 (3H, s, OCH, 2.30 (3H, s, Ch; *C-NMR (DMSOds, 100 MHz)5:
188.4 (C-9), 180.9 (C-10), 161.4 (C-8), 155.7 (C-P37.3 (C-1), 136.4 (C-6),
132.7 (C-3), 132.7 (C-11), 125.9 (C-4), 124.9 (G:1#3.7 (C-7), 123.6 (C-13),
118.2 (C-5), 116.7 (C-12), 61.2 (OQH16.6 (CH).

Compoundb (Cassiaside)

'H-NMR (DMSO-ds, 400 MHz)$: 14.94 (OH), 10.33 (OH), 7.06 (1H, s, H-10),
6.72 (1H, dJ = 1.6 Hz, H-9), 6.68 (1H, d,= 1.9 Hz, H-7), 6.16 (1H, s, H-3), 4.97
(1H, d,J = 7.5 Hz, H-1", 5.10-3.10 (m, glucosyl-H), 2.3H(3, CH); BC-NMR
(DMSO-ds, 100 MHz)3: 183.7 (C-4), 168.6 (C-2), 162.1 (C-5),159.7 (C¥58.3
(C-6), 152.3 (C-11), 140.4 (C-14), 106.9 (C-3), F0@C-13), 103.0 (C-12), 102.5
(C-9), 101.6 (C-7), 101.3 (C-1), 99.9 (C-10), 7{25"), 76.4 (C-3"), 73.5 (C-2),
69.5 (C-4"), 60.6 (C-6"), 20.1 (GH

Compound? (Gluco-aurantioobtusin)

'H-NMR (DMSO-ds, 400 MHz)3: 13.08 (OH), 7.78 (1H, s, H-4), 7.43(1H, s, H-5),
5.16 (1H, dJ = 7.3 Hz, H-1"), 3.52-3.24 (m, glucosyl-H), 3.&83( s, OCH), 3.81
(3H, s, OCH), 2.28 (3H, s, CH; *C-NMR (DMSO+s, 100 MHz)3: 187.6 (C-9),
180.0 (C-10), 156.2 (C-8), 155.8 (C-2), 155.5 (C-B37.3 (C-1), 141.5 (C-7),
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132.4 (C-3), 128.2 (C-11), 126.0 (C-4), 124.7 (G;123.6 (C-13), 113.5 (C-12),
106.3 (C-5), 100.4 (C-1), 77.4 (C-3"), 76.5 (C-53.3 (C-2), 69.4 (C-4"), 61.2
(OCHs), 60.5 (OCHj), 60.4 (C-6), 16.6 (CH).

Compound/a (Aurantio-obtusin)

'H-NMR (DMSO-dg, 400 MHz)3: 13.25 (OH), 10.85 (OH), 10.34 (OH), 7.75 (1H,
s, H-4), 7.15 (1H, s, H-5), 3.83 (3H, s, OgH3.79 (3H, s, OCH), 2.27 (3H, s,
CHs); *C-NMR (DMSOs, 100 MHz)3: 187.2 (C-9), 180.4 (C-10), 156.9 (C-8),
156.6 (C-6), 155.5 (C-2), 147.2 (C-1), 139.4 (C-T32.0 (C-3), 128.5 (C-11),
125.9 (C-4), 124.9 (C-14), 123.7 (C-13), 111.1 @:107.7 (C-5), 61.2 (OC]
60.0 (OCH), 16.5 (CH).
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R4 R2

Questind) : R=R;=OH, R=R;=H, R==OMe

2-hydroxyemodin 1-methyleth@) : R,=OMe, R=R;=Rs=0OH, R,=H
Emodin@) : R=Rs=Rs=OH, R=R,=H

Alaternin@) : R;=R,=R;=R:=0OH, R=H

Gluco-obtusifoling) : Ri=OMe, R=0-Glu, R=R,=H, Rs=OH
Gluco-aurantioobtusif() : R=R,=OMe, R=Rs=OH, R=0-Glu
Obtusifolin @a) : R,=OMe, R=R;=R,=H, R==OH

Aurantioobtusinfa) : R,=R,=OMe, R=Rs=OH, R=H

Chrysophanol triglucosid#0) : R,=Rs=OH, R=0-Glu-Glu-Glu, R=R,=H

Fig. 1. Chemical structure of compounds frGtora.
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OGIlc OH O

HO o) CHs
Cassiasideq)
OGIlc OCHs
COCHs
CH30 OApi
Cassitoroside8)

OGen OH @)

OO O
CH40 = CHs

Toralactone gentiobiosid®)

Fig. 1. Chemical structure of compounds fr@utora.
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4. 84 A9

4-1. ACE A& 24

ACE A& &4 Z54-E Hou 5 (2003)] WS Wy so] FAPGGE 7
A2 ARgste Algeisith. 293lH FAPGG (0.5 Mmyt thekst F%
(0.12- 1 mg/mLy] A= E 50 mM Tris-HCI buffer (pH 7.3)] &3] 5o =
Aot WHolth ACE 20 L9t th st X9 A5 (20.49-163.93ug/mL)
200LES =33l negative contrgE 50 mM Tris-HCI buffe& ©] 83+t
a3 thg Wk Egdle] 7149l 0.5 mM FAPGG 1mL t&to] 345nm
7ol 4 0, 5, 30, 60 mif] A|HAFE FaL B BEE SA ST ACE
A EAd-e AlF (ug/mL)2t e (uM) 2]l 50% A8l F% (ICs)E LHE
Wtk Als7F 7HAE 3] Mo g RE o] FefE =] 91 0 mirel
Aol RE 38 W% kS 60 mine] zto® W ow percentager] s S
th0 wkgAls o8-kl AlAEEEATE (1~ [ORampieromin= ODsampieisomid /
[ODcontrovomin = ODeonwoveomid < 100). Positive contrat captoprits: 0.06-1.63
ng/mL &%= A3}l

4-2. Kinetics =4

"S- g5 2 50 mM Tris-HCI buffero] ACE £} 712 FAPGG (0.1-1
mM)s & U 7 EEREE FHE F 98 FR AEE ¥F
ZgEo 247} ¢t} ACE 9] Michaelis constant (K)<} maximal velocity
(Vmag= Lineweaver-Burk plot 2 T3}tk AR Aol sl &%
WAL WV =K/ Vinax (L + [I] / K) L[S] + 1 Vinax 01 A A 3l A ]
T (K)2 Kiapp= K [1+ ([I1 / K))] = A8
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N
o
ftl
rh
2L

ﬂ

st mE 2 ool MEH AAE RN 5
e FHES FE7] (free radicalft 34, o5& A4H
el dee] AEe] ol2d A} EE oles zAE Ea 4w
BA abash 2e A% F4AS] o fesEN 74 wgde]
A4l o] radicalo] ¥ =Hl ©]&% reactive oxygen species (RG$) g+t
QoA zAoAe] Agatael o &4 AE=E A S,

feFoll A HF probed]l DCFH-DAE ©|&3sto] AE  AHE9
FN2Fe ARPOE AF T 4 = PES Assu o
(Basset al., 1983; Hempel et al., 1999; Wang and Joseph, )J1EOFH-DA+
AT v FFAE EAE AZeel GA wxp AstE AxEd EAes
esterasd]  2]3]  deacetylatiogl o]  H|FFA  FAEHA  2.7-
dichlorodihydrofluorescein (DCFH}. #Ht}. DCFH:= AU 24
Aar EAlskE F43 Abskse] @3d AsEAEAd 2.7-

dichlorofluorescein (DCP}F FAEE&E (Fig. 2) ©o FFeo] w3

]

Aomn AW dRIET 535, 09 27 BT AF T

% © ’ = o =
4 oA #Ht} (LeBel and Bondy, 1990) 1Z]t} DCFH-DA:= &4
DAL T e Foldol 7] Wil T ARRel thih AFE =

Mo

A7} Atk (Deliaet al., 1997).

Scheme 8] YERHA ], LPS A &3+ 47 Wistar rats(H] 5 150-200 ¢
o] A1A3k kidney homogenate’d5 <) 190 ubl o] FXE9] extracth
compounés 10 pkE E3}sla, 125 mM DCFH-DAS 50 mM phosphate
buffer (pH 7.4 10081 3|43 A 50 pkl g7 583 shaking g},
2§44 H reactive oxygen species (RGS) microplate fluorescence

spectrophotometer (Bio-Tek Instruments Inc., Wikpod/T) ©lA excitation
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wavelength 485 n®t emission wavelength 530 ] 3~58 14 o=

3027 =A39 T} (LeBel and Bondy, 1990)% %3 W=7} F716lA] &S
AL AYE 33Eo] Y AAFS A7Fe], DCFHF AH3HE A
gaorz giksl BEHAL on it
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2',7-Dichlorodichydrofluorescein diacetate
(DCFH-DA)

+ Deacetylation by esterase @H

HO I o) I OH
“ H /o 2',7'-Dichlorodihydrofluorescein
4

O & (DCFH, non fluorescent)
+/\Reactive oxygen species
O O

2',7'-Dichlorofluorescein
(DCF, fluorescent)

Fig. 2. Assay of the inhibitory activity on the R@&neration.
(Label and Bondy, 1990)
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190 ul of supernatant of rat kidney homogenates
from freshly killed male Wistar rats

l

Addition 50 pl of 12.5 mM of DCFH-DA

Addition 10 pl of samples at various concentrations

l

Shaking for 5 min

l

Measurement of fluorescence intensity for 30 min
Excitation wavelength at 485 nm
Emission wavelength at 530 nm

Scheme 3 . Measurement of the inhibition on the R&%eration
by DCF method.
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4-4. Peroxynitrite2~7 &4

Peroxynitrite (ONOOE NO- ¢ -0, 7} ¥h3lo] WA E Aoz,
NO- ¢ FAMgE B2l deS 7, Fa g A8ox2s dd Hd
Axe] olgk, dAd F A8 2 guanyl cyclase] A=, tyrosine nitration
2]l lysine, protei®] methionine Z7]9] 4tst 2 A kst { RO
olgt Az 54 Tol Togrh g mEZ=golo gt &5 A,
membrane pumpx Al, GSHe] 117, ADP ribose synthasge €/ 3sl= <13t
DNA =7 2 AE oA 117, mitochondrial ATP synthase, aconitage
AEE gao] Aol ofg v FAghe] st A o] Hayo] gtk
(Althauset al., 1994; Haenent al., 1997; Linet al., 1997). ONOO= T2 free
radicaPll Bl e o= FAsHARE, A2ld pHlA 74 protongt
Ho] whg-Ao] uj-$ E& peroxynitrous acid (ONOOH) # 35 +=d], ]
=4 ®E7) (1.9 syt Hi% &, oy Alx 54 22 nitrogen
dioxide, nitronium ion% _hydroxy radica] dT7A= 2835} oxidation,
nitration, hydroxylation §F-5-& frtgttl (Nonoyamaet al., 1999). 121}
AZHelA ONOO &7 Ao #Adsts axA7F glerz, o
2AGHELS 2+ Ao g5 S88lt (Choi et al., 2002). X 57+
Hid dAd Exe FAHo ONOO 2ASE zZe EZ =+ flavonoid
(Choi et al., 2002), catechin, polyphenol (Van Dykeal., 2000, Chung et al.,
1998), ergothioneine (Auromat al., 1999), defroxamine, urate, glutathinoe
(Menconi et al., 1998), melatonin (Cuzzocrea al., 1999) 12|31 D-(-)-
penicillamine (Ficiet al., 1997) ©] $lt}h.

ONOO 4752 Kooyetal. (1994p] WS o3k W3 slo] DHR 123
b3S 4351t (Scheme 4). Dimethylformamide =21 DHR 123 (5
mM)= A4 F335Fe] —80°C oA stock solutio®-Z #7353t 90 mM
sodium chloride, 50 mM sodium phosphate, 5 mM it@s chloridez 2= A gt
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buffer (pH 7.4E diethylenetriaminepentaacetic acid (DTPA) 10013} 411,
DHR 123°] #% +sX7} 5 pMo] HEZ= 3}l o] working solutiorl]
Alg9} authentic ONOOE H7tetd 5& %, HFFA ] DHR 123
FFAd ol rhodamine 1232 wh¥ A Avk (Fig. 3). °] FFELS
microplate fluorescence reader FL 800 (Bio-Tekrlnmsents Inc. excitation,
emission wavelengti#}z} 480 nn#} 530 nmell 4] AT 23+ DHR
123 %3} A 3| w5 2 A] meant standard erron(= 3)=Z YERY ST}
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Dihydrorhodamine 123
(DHR 123)

\
OCH,

Fig. 3. ONOO-mediated oxidatin of DHR 123.
(Crow, 1997)

Diethylenetriaminepentaacetic acid (DTPA) 1M

v

Dihydrorhodamine 123 (DHR 123) pM

Incubation at 37°C for 5 min

v

Sample at various concentrations

'

Authentic ONOO 5 uM

v

Measurement of fluorescence intensity
Excitation wavelength at 480 nm
Emission wavelength at 530 nm

Scheme 4. Measurement of the ONG¥X@avenging activity.
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1. A4A MeOH FEE3 Zr §E &9 ACE AdlEA

Agztel S AwWAe] MeOH F=E& Iga ZF +38E CHCl,
EtOAc, n-BuOH % H,O ° thdle] ACE A& S A E3FA T Fig 4=

il

AARAret FE ZAWAe] MeOH FEE° ACE Asaste] oigd
et o As F FEe X
Aem, Asigde FEee FE7 Ul wWE @A

ook 23 A3z AW R FE2E9 ICy (34.2/1 pg/mL) Fkol

1
o

ofN %
)
o

N
-~
ofs

B2 AR ICs(66.97pg/mL) #F Bl S of o A4 YERT S
AARA FEEO) FHE AWzt HugE @ ¥ 2 ACE A3l
A4S Btk 2y R A9z FEES 22 SEAAME AE9R
F=E B © & ACE AHal&24e Yeldlled o A%E AHAE
HE #4o] ACE A @A Ao d3FS vy o T 5 AT

Positive contro2 2 4&#X ACE AdlA captoprie A A&
Hlasllom I A3 captopril: Z2WAF FE=E Hoh A4 2 A
Uebgich dd Adlol A H]E AW 1ol ACE A AL captopril

Huh= debAnt 28 2E50] ACE AAZ &8 2 5 &S

gitolth. 53] FadY 71l do] AHA FEES FHASA
(genotoxicitypll S atH, e Patst FHE Hole oz eV
] Fo]t} (Choi et al., 1994, 1997, Yenet al., 1999). Z% 2}¢] MeOH
F=EA ACE Adfi&Adol F=dAAl YEebwy] wWEe] oo

aRES A8 &WlE ol&std FFEdth 1Ea FEel diEiA e
ACE A&|&4S 32.69~169.72ug/mLe] FXolA 2%t} Table
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HE vke} o] MAYzE AL EtOAc FE7 H ZWA9] MeOH
FE=Eo| To "= AT HU AL, IC, 70 94.65 + 0.92 , 74.94 +
0.08 pg/mLE ZtzF YERRETE o] 212 thE fractiono] oFgh &/4d-& HQlH
Hhal]  EtOAc fraction o] F5% wkgk ACE A3E& HIAth= HelA
Tu|Ecl, A9zte] MeOH FZEZHE A& o7 fractiond] Azl
As wmIe] zbol= FEA Aol o AW @ & Utk =
anthraquionone, naphtopyrondl 3= =<2 EtOAc &uljo] =o}3lom
olE AFoE HAHIAS w i Eol & "Arkes HolA A<

o)
Zdo] 2 o|dS AT E & AL Aolth
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120
—— Raw C. tora I1C50=34.21
—- RoastedC.tora  1Csy=66.97

100

Percent of ACE activity (%)
S
o
1

0 40 80 160

Inhibition concentration (ug/mL)

Fig. 4. Dose-dependent inhibition of ACE activittlesMeOH extracts from

raw or roasted. tora.
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Table 1. ACE inhibitory activity of several fract® obtained

from C. tora
| mL’
Fractions RawC. tora e )RoastedC. tora
MeOH 176.35+£2.91 135.47 + 2.59
CH.Cl, 309.83 £5.18 148.52 + 0.34
EtOAC 94.65 £ 0.92 74.94 £ 0.08
n-BuOH 11459 + 2.12 238.42 £5.96
H,O 356.17 + 3.35 170.31 +0.08

"Mean + SE (n = 3). The 50% inhibition concentratiwina positive control, captopril is
2.59 ng/mL.
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2. Z9A EtOAc &4 £ & IFE

ACE Aslay7t =A Yeld EtOAc fractior] ©  AFAIgH
phytochemical 375 3l silica gel, Sephadex LH-20, RP-18 column
chromatography AF&3le] 7709  anthroquinone [questin 1), 2-
hydroxyemodin 1-methyletheR), emodin 8), alaternin 4), gluco-obtusifolin ),
gluco-aurantio-obtusin7(), chrysophanol triglucosidel 0)], 271¢] naphtopyrone
H 34| [cassiaside §), toralactone gentiobiosided)| <} naphthalenerl 3
[cassitoroside&)]E w25t Eald 3E9 TZE IR, UV, 'H-NMR,
“C-NMR, HMBC, HMQC ¥ EIMS%T 9] #33td Wiz oz £33
(Choi e. al.,1994, 1995, 1997; Liret al., 2001; Wonget al., 1988, 198%)]

spectral datg} v] ns}o] 54 5FSlT).
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3. g d sgEY ACE AIEA

A2} EtOAc @+2 42 2 Silica gel, Sephadex LH-20, RP-18 column
chromatographg AF&3t] 1059 3FES +H& P2 FEs
sIt=E2 7, 5E AVt Edlste] €2 5a, 7acl dis]l ACE Al
H7le St (Table 2). 2% 23 2-4, 79 sl ACE Aol
LEFSE S ™ 2-hydroxyemodin 1-methylether2), emodin 8), alaternin )]
ICso 3t2 219.66 + 1.43, 236.11 + 6.61, 841.75 + O@FmMLE <3k A&
HAARE o5 3gEolA ACE Asfiax7t d&Fol FHE3A. Gluco-
aurantioobtusin 7)< ICso 3 30.24 + 0.20pg/mLS 714 AA3 3=
FoA 7Hd =2 ACE Asi&dAdZ HATh ©o]= Fig. 19 oA H= nleh
Zol wEoEHom FPg Helom ZAWArt. ACE AERE
Holed Qo) dAEH F sUE 45 & 4 JdUrt gd 1, 5, 6,
8-102 243A% & o= &35 HolA &9kl gluco-obtusifoling),
gluco-aurantioobtusi@)2] = glucos€| & = #l#A3 5a, 7acl dEAE
A a7l yElUR 29T Gluco-aurantioobtusid(e] =<2 A4S
Held vld 7avs 4= HolA & FOE Hol ol TxFHQ
zFol, & glucose] 2] =R 7t ACE AsjaysE Hols=dH Fa3H
g Zojgta 8 & 5
3-1. Kinetics #%41& %3} gluco-aurantioobtusil ACE # 8] &4

Gluco-aurantioobtusin 7)2] ACE A 3llo w3 Kineticss ®7] 93|
Lineweaver-Bark plo& =213}l o™ Fig. 201 YEFHAT  Gluco-
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ACE A 34 captoprib]l 3 Kineticss H ¥
captopril. 94 AAE ASAZ KH2 506 ng/m= 7HTE ¢
A0 E ACE A2 Hol= AR et

3-2. ACE A s &3 ¢itst &4

ACET A9 4tsld x~Ef ) &444F (ROSE 4T (RNS)
LI gEEo] o dawe &, FHoE Q3 FHF TS
Z7MA71E Ao® ®BuHI 9t (McFarlane et al., 2003). wabA]
compound 72] RO} ONOO AAZA ] sl = H 71519l Table
304 Hi miel o] compound72 ROS sl ICs, & 49.64 + 0.37
ng/mL (positive control; trolox: 26.07 + 1.0BM)S 714 A£A A S B oH,
ONOQO®l| tsljA % ICs, #k 4.60 = 1.12ug/mL (positive control; penicilamine:
024 = 0.04puM)= 7HA FEZ whsk 27 a s YeRyglo. Aot
compound 7 Yun-Choi (1990%°] 98] 4% IF$IAHS 7HAE=
Aoz By Qr} 8 gluco-obtusifoling)2] ACE &4

A & 5
= "1 v
SRl UhEREA 9EATE ROS, ONOO Z70 maids @4e
B, o 9 WA FsEde e des wm @

21 tH(Yun-Choi,1990).

ACE A3l¢2t ROS, peroxynitrite 27 &4 2ol ZAIZ  gluco
aurantioobtusi®- ACE UlAFoll A ACES] €4S A3 & ¥t olye}
ROS?} peroxynitrited] sl = AARIE Hols HOoZ e
FAHA Funds AEAE g2 AREEI = captopril Al ACE
A adtet A F& FE Yol A free radicalAAH S 7HA = Ao=
& A 9lt} (Tamba and Torreggiani, 2000; Nakagaaval., 2006).
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Table 2. ACE inhibitory activities of isolated commds {1 -10)
at 163.93ug/mL

_ Inhibition %

Fractions
Mean = SE

Compoundsl, 5, 6, 8-10 n.a
Compound2 47.52 £ 0.50
Compound3 45.79 £ 0.25
Compound4 24.26 + 0.99
Compound? 137.62+1.73

n.a : no activity within tested concentration

% Inhibition of positive control, captopril is 87.& 0.25% at 1.63 ng/in



Table 3. Comparative Inhibitory/or scavenging atigg of 5,

5a, 7, 7a on ACE, total ROS generation and ONOO

ICs0 (ng/mL)
Compounds *
ACE' ROS ONOO
Gluco-obtusifolin b) n.a. 168.88 +4.69 50.68 + 1.89
Obtusifolin Ga) n.a. 264.33+2.97 38.99+1.85
Gluco-aurantioobtusin() 30.24 £0.20 49.64+0.37 4.60+1.12
Aurantioobtusin Ta) n.a. 152.00 £ 3.24 1.43+0.24

"ICso of a positive control, captopril is 0.28 ng/mL

*ROS; trolox as positive control showed 50% inhititconcentration () at 26.07 + 1.05g/mL

"ONOO peroxynitrite; penicillamine as positive contrdiosved 50% inhibition concentration @ at 0.24 +
0.04pg/mL

ICso from the ACE, ROS, and ONO@ssay represented as mean + SE.

n.a., no activity within tested concentration (B&ug/mL).
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Fig. 20. Lineweaver-Burk plots forthe inhibitiof ACE by gluco-aurantio
obtusin (a) and captopril (b). (a) : The reacticaswdone. in the presence of gluco-
aurantio obtusin [final concentration of ®)( 20 (), 40 (¥), and 80uM (V)].
Vmax = 0.52 pmole/mL, K, =-9.5 x 10" M. The inhibitory constant of the
compound was determined as#8.3 x 10° M. 1/V: 1/ (AO.D./min) ™. (b) : The
reaction was done in the presence of captoprib[fooncentration of controle]
and 1.63 ¢), 3.26 (¥), 8.15 ng (/)]. Vimae 0.125 ng/mL, K = 0.33 mM. The
inhibitory constant of the compound was determiasd$=5.06 ng /mL. 1/V: 1/
(AO.D./min) ™.
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