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Effects of Curculiginis Rhizoma on anti—thrombotic activity

Seong—So00, Roh”

Department of Herbology, College of Oriental medicine, DaeguHaany Universiry

ABSTRACT

Objectives : An aim of study is to investigate effects of curculiginis rhizoma in vitro (factor Xa (FXa) inhibitor
assay, prothrombinase assay, prothrombin time (PT) assay, activated partial thromboplastin time (aPTT) assay)
and in vivo experiment (blood clotting time, thromboxane B2 content assay in serum and weight of thrombus
by AV—shunt rat model).

Methods : We gained a human serum and used serum in vitro study such as factor X activity (FXa) inhibition,
prothrombinase inhibition, prothrombin time (PT) and activated partial thromboplastin time, Fifteen SD rats
were divided into three groups (intact control group and two experimental group treated with extract of
Curculiginis Rhizoma(ECR)). Rats were orally administrated DW (intact control group), 600 mg/kg concertration
of ECR and 200 mg/kg concertration of ECR. After one hour, we anesthetized rats and made arteriovenous
(AV) shunt rat models to study weights of thrombus, took a hole blood to study content of thromboxane B2
and blood clotting time,

Results : In vitro, ECR increased a inhibitory activity of FXa, prothrombinase and aPTT compared than intact
control group. Especially ECR made significant increase of FXa and prothrombinase inhibitory activity (p<0.05,
p<0.01). And PT were increased in ECR control group compared with intact control group. In vivo, a blood
clotting time of experiment group treated with ECR 600 mg/kg were significantly increased compared with that
of intact control group (p<0.05) and content of thromboxane B2 was significantly decreased in group treated
with ECR 600 mg/kg in seum, The weight of thrombus were significantly reduced in group treated with ECR
600 mg/kg compared with intact control group (p<0.05). But in vivo experiment study, those of group treated
with ECR 200 mg/kg were reduced compared with those of intact control group without statistical significance,
Conclusions : ECR has a antithromboic activity in internal course with inhibitory activity of FXa and
prothrombinase in vitro, it required to research more study for effective compounds,

Key words : Curculiginis Rhizoma, antithromboic activity, factor Xa assay, prothrombinase assay, prothrombin
time assay, blood clotting time, thromboxane B2, arteriovenous shunt modle
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1. A&
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2 AEE Hste] A" 8FF (300g) =A SD sF=
FAHAFFEF) A BEgFdol 15 o) HEAZ T A
AR o AFRTGUZER] nFPALR (RGEE 22%014, =
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0.6%°1d, 1 0.4%°1, A¥AL Co Korea)?t & FE3|
TP A2 22+2TE A4 FAEID 239z AEA &
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2) N2

H A¥o) AMSE 3F (Curculigo orichiodes Gaertn ;
Curculiginis Rhizoma)2 SUY3H (Fd, F&E, =) Ak
BAtelA 500 g Fiste], P Ao RgEe ATE
it digha gholatefst Exstudlola FAste] ARRE
AHE-3HATE

3) AleF & 77|

Human purified FXa, thrombin, and plasmin (Kordia
(Leiden, The Netherlands), Factor Xla (FVIla ;
Calbiochem(Schwalbach, Germany), trypsin, urokinase
from Sigma (Taufkirchen, Germany), activated protein
C (APC) from Haemochrom Diagnostica (Essen,
Germany), Factor VIla (FVIla), Factor IXab (FIXab),
(Swansea, UK), tissue factor
Diagnostica Inc, Stanford, USA),
substrates (chromozym TH, X, U,
trypsin, and plasmin : Roche Diagnostics, Mannheim,
S 2366 (Chromogenix
Bubendorf,
FXa (Pentapharm ; Basel, Switzerland), Fluorogenic
substrates (I-1100 and H—-D-Phe—Pro—Arg—6—amino

FX, prothrombin
(American

Chromogenic
Germany), Instrumentation

Laboratory Switzerland), Pefachrome

—1—naphthalene—benzylsulfonamide AH20 ; Bachem,
Bubendorf, Switzerland), Russell s viper venom (RVV

Pentapharm, NeoplastinPlus), thromboplastin,
PTT—Reagent (Roche Diagnostics), hirudin (Refludan,
Aventis, Strasbourg, France), Xylazine (Rompun
Bayer HealthCare), ketamine (Ketavet ; Pharmacia &
pentobarbital Na

Apgst

Upjohn, Karlsruhe, Germany),
(Nembutal ; Richter Pharma, Wels, Austria)&
gom, duboke Bk AMgatT,

2. Iy

1) In vitro A

() 1l 222 A=

% 500 goll ZzF 25 3,000 mS 7fste] A% 32
71904 BAIZE FESte] A g B9 AT, olF Y
FEPAR SEIA. $EU A P ok ¥ A=
712 o]43te] 2kd AZX (DCR-110916 ; 69.65g)3te] il
W) (extract of curculiginis rhizoma : ECR)Z A%
ST lFe 25 &2 13.93%%om, i tetejohst
A Srolmihel BExstuAlod YE (-84C) Rustgon,
AFEA] AGe =22 345ty AMEStg o UmRE Ys
w3 st

(2) Plasma ZH]

o7t FHL I 10Y B¢ FES Bl e AZE
AAE 7H AR AWML AHstArt. AL 38% Ed
24E ANEHO|EZ} = EukiE FERO BRSIEL, ol
4°coA 1087F 2,500gE2 HAES thE, —20TAA B3
SHHA AFA] ARSI

(3) FXa activity in plasma

A7FE (45 wh)oll 5 w¢ hirudin (10 wg/m)E A2
wd ECR (100 mg/ml)2} 50 ¢ RVV (human, 07mU/m)E
37°Co)A CaCl, 50 uMe] *<Itlk, Chromozym X (50 ul
;600 uM)E 158 Fol sty S/ optical
densityE 37ColA] spectra rainbow thermo reader
(Tecan, Crailsheim, Germany)2 Ztz+ 2087 A3},

FXaol  ofst <A&3=  Cheng—Prusoff &4
(Ki=IC50/1+[S]/Km)el wt Ailstg o, [Sle 7149 &
TolH, Kme Michaelis—Menten Ao|tt, Km2
Lineweaver—Burk ploto] 23] ZA Tt IC502 50%°1 £
3t 22 HE& &=2 AASI=Y BA3t inhibitore] &
o},

(4) Prothrombonase assay

EZN S 59 SHstgen, 7= 97 FXa
(0.025 nM)S 10 mM HEPES buffer (pH 7.4, 2 mM
CaCly) ol A HH 1"3} 108 & 37 C°1V\1 AT EATES
g F7lstHA
A= 208 & 20 wl aliquotsE 160 wl buffero] 3]4]
3tal, EEH XL 20 w¢ chromozym TH (500uM)S Ab

gsto] 2459t
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(5) Coagulation assay

Activated partial thromboplastin time (aPPT) EXu}
prothrombin time (PT) £4-& 7|H@0E kitsE 0|85
o} ECR 3 wE 100 w0 platelet—poor plasma (PPP)o] ¥
2, 37ColA 1087 sttt 88 AlZRE coagulometer
(Biometic 4000 ; Sarstedt, Numbrecht, Germany)E& ©]
|oto] EAsEH, HFE =71 3.03 w7t H=Est= b
749 XS "R I3 552 FF 38 AT 24
2 sded 8% 58 7|E0E Ayt

2) In vivo A

(1) A8 Azt

SD AF= intact IF (Fe& TAFIHA &2 di=
D), 2719 FEESE (600 mg/kgd 200 mg/kg FE)&
2 717t 2g4EE 504 BERSth Ad e A4S AR
o gRE AFdan. AP FRSFE intact 1E
TAEASHL, FEFATZNE FEHEE 74T 3HYch

A8 §IATE ECRE F4Foe 2412 3o HEE &
L2 apHAA AES oy FAPIE o83t B4 didH
oA g AHL AHE Y FT 1 mE FEAEH
93 ZA] 17% CaCly*H:0 200 WS 713t & 749k3] 4o
£ F, Y9 CaCl,E 7}t AI7HRE S A2 wi7bx] <]
AlZko 2 EAsAT

(2) &2 Thromboxane B2 &

B O ynlabelled TXB22 LA peroxidase®
labelled® TXB2 7to] 34 E 49] specific antibody?] A
& Xl digk AR %
immunoassay (ELIA) kit (amersham phamacia biotech,
UK)E AH83tatt vHg-& 1 M AF §HE o] TN
5 AyAE wreERS 450 nmo)A  microtitre plate
photometer (SPECTRA MAX 340, USA)Z ¢jo] u|AA=F
i

competitionS enzyme

(3) Arteriovenous Shunt model using Rat

IFAZ] REE AFALE HAE AP L(EZEE A
AF), AFFY HE AFS SHstAch. #A9 94 =
o7} ¢Al Intact W=, ECR 600 mg/kgd ECR 200
mg/kgs TR FTHEAT HFFLoR 0¥ Esict oF
= T2 ECRS 47 600 mg/kg¥}t 200 mg/kgFsrE=
obde] 0.3 ml¥ 13 FAFAT e, ECR 77459 14]
7t 5, SD rate] E70] 2 ml A 10% chloral hydrateZ
FARt] ket & ubErF EuUd Left carotid artery$t
Right jugular veino] PE50 tube® cannulationd}gth 1
& 2 5 cm silicon tube®] cotton threadZ ¥I saline
< A ¥ artery®t veinoll AZE tubeR FHE 527
8lo] shear—stress& F=5t9 1587t thrombusE AAA
Ao, A4 AzAA BAE ZYst
antiplatelet efficacy2S H7}3tc},

thrombus&

Figure 1. Induction of thrombus by AV shunt rat model

Fifteen rats were divided into three groups (each group rat was
five). After one hour from oral administration of ECR 600 mg/kg
and 200 mg/kg, rat was established AV shunt operation. And
after fifteen minute AV shunt, a thrombus was weighted by
electronic balance.

3) SAAE

BE $Ae 9 = EFHRE BASGCH, tEHR
ASS olgstd BAAZEE AAEI, BASEALS
Levene test& AAlste] AF stHch. S8AMY 7%, one
way ANOVA test& AASF th2 least—significant
differences (LSD) test2 AME AEES AAste] A 7H
o] §94& SAstAh HSEAY Afole vEs AU
Kruskal-Wallis H test& AAI3t F&/4do] JFE A&
o, Mann—Whitney U test & AAI3to] A@AF 7t
frode AFskst. 2E SAAYE= SPSS for Windows
(Release 14,0K, SPSS Inc., USA)E o|&3}e H7l5t%
o8], prvaluert 0.05 o512l A% BAH Holde Agel

et

4 3
1. In vitro A3

(1) FXa inhibition assay

ECRE 0, 1, 5, 10, 20 mg/ml HE=2 AT ¥ FXa
4L 2% A, = gEFHo2 FXa Ao JAEHA
. ECRE AZsA g2 tizde FXa A&
2.2440.27%%] ¥bde| ECRE 1, 5, 10, 20 mg/ml HE=2
AelE Aol S Aaty] g izl vls] {9
AodA ol JAEUSS & 4+ AAUTH*pL0.05,
##p0,01). Eg 1 mg/ml =2 AzE AFZe] Hg 5,
10, 20 mg/ml F=2 AH APLo] FXa &40l +94
A A= ATH#PC0.05, Figure 2).
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Effect of Fxa Inhibition Ratio
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Figure 2. Effects of ECR on purified human free Factor Xa (FXa)
using a chromogenic substrate of FXa on platelet surfaces

The plasma was collected in healthy human and centrifuged at
2500 g for 10 min, stored —20°C. Mean =+ Standard Error of 5
times. Statistically significant compared with control group (*P{0.05,
**P(0.01) ; Statistically significant compared with exrerimental group
treated by 1 mg/ml of ECR (*P{0.05, *P{0.01)

(2) Prothrombinase assay

ECRE 0, 1, 5 10, 20 mg/m¢ =2 A3 F,
Prothrombonase 4L &43 23, 5= &2Fo=
Prothrombonase &4do] A=At ECRE A 2slA] &2
=9 Prothrombonase A& A9 giew, 1, 5,
10, 20 mg/ml =2 HIH APFAN FEL A5HA|
=tz Hs] f94 dA &40 dAENSS & &
AATH*p<0.05, **P<0.01). EZ 1 mg/ml s== A==
AgTe] wg] 5, 10, 20 mg/ml FEE AHIH AFTLo]
FXa 4ol %94 UA AAFAH*PL0.05, #p0.01,
Figure 3).

Effect of Prothrombonase
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Figure 3. Effects of ECR on prothrombinase activity on platelet
surfaces using prothrombin as substrate (measuring generated
thrombin).

Mean =+ Standard Error of 5 times. Statistically significant
compared with control group (*P{0.05, **P{0.01) ; Statistically
significant compared with exrerimental group treated by 1 mg/ml
of ECR (*P{0.05, #P{0.01)

(3) Prothrombin time assay

ECRE 0, 0033, 033, 33 mg/m{ == A3 F,
prothrombin time (PT) &A% 21, & o&F oz ECR
< AR g2 dizgel HlF] ECRE g AFFolA
PT7}F Z7F=%ick a8y 0.33, 3.3 mg/ml 5=2 AZH
AL 24z 130+ 0.4 sec, 14+0.9 secZ 94 AA
PT7} Z71= 9k (*p<0.05, *#P<0.01). E3t 0.0033 mg/ml
T2 A Adde] Hd) 0.33, 3.3 mg/ml EE A
H3 APFY P 494 A F7FEATHP0.05,
#540.01, Figure 4).
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Figure 4. Effects of ECR on prothrombin time (PT) in vitro

Mean =+ Standard Error of 5 times. Statistically significant
compared with control group (*P{0.05, **P{0.01) ; Statistically
significant compared with exrerimental group treated by 1 mg/mi
of ECR (*P{0.05, *P¢0.01)

(4) Activated partial thromboplastin time assay

ECRE 0, 0.033, 0.33, 3.3 mg/ml == A3 F,
activated partial thromboplastin time (aPPT) &%3t 2
3}, = gEFHOeE ECRE HISA @2 Oz
(46.810.8%)°l B3] ECRS AHz|dt AT s= &7
o2 F7HEAL, 3.3 mg/mlE A AL F94 A
A Z7FEAHFP<0.05). ECRE 0.0033 mg/ml2 A 2|3t
AgFo| B8] ECRE 3.3 mg/ml 5=2 AHZE AFZEY
aPPT7F 94 Al S7HEl AeH(*P<0.05, Figure 5).
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Figure 5. Effects of ECR on the activated partial thromboplastin
time (aPTT) in vitro

Mean =+ Standard Error of 5 times. Statistically significant
compared with control group (*P<0.05) ; Statistically significant
compared with exrerimental group treated by 0.0033 mg/ml of
ECR ("P{0.05)

2. In vivo A9

48 3 AI7F B4 A3l ECRS Ao &2 iz
o] AEg A|I7FE 45.6+6.0 sece]3l, ECRE 600
mg/kg FEE F7F B AL AESL AT
54.2+6.7 seco|9le, ECRE 200 mg/kg =2 7% &
ogt AEFel AE$a AZFE 48.1+£6.9 secE ECRE
600 mg/kgl 2 7t T3t APFY HEFLAZre] tix
= Hs f24 A S7HEA(¥PC0.05), ECRE 300
mg/kgl 2 7} Tt ATy AEFIAE iz
H|g] S71E oY foid2 Bolx] oftHFigure 6).
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Figure 6. Effects of blood coltting time by ECR treatment

Intact : Normal rats had a distled water oral administration ;
ECR6E00 : Rats had a oral administration of extract of curculiginis
rhizoma (ECR) with 600 mg/kg concerntration ; ECR200 : Rats
had a oral administration of extract of curculiginis rhizoma (ECR)
with 200 mg/kg concerntration. Mean =+ Standard Errors.
Statistically significant compared with intact control group (*P{0.05).

(2) #9] Thromboxane B2

ECRE #7&4st & A&8st 8% W thromboxane B2
3=F B4 Ad} intact IR EF U thromboxane B2
2 19.62+1.63 ng/mlollal, ECRE 600 mg/kglZ
FEORE ARE tizzol Wl o4 A aHol
103.94+2.06 ng/mle2 & U thromboxane B2 o]
AAHAHFP0.05). ECRE 200 mg/kgle 2 F7HReFet
AL 17,43+1.36 ng/mleZ E# U thromboxane
B2 @&Fo] HaEHJoY Fod2 gldct (Figure 7).
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Figure 7. Effects of thromboxane B2 in serum treated with ECR

Intact : Normal rats had a distled water oral administration ;
ECR6B00 : Rats had a oral administration of extract of curculiginis
rhizoma (ECR) with 600 mg/kg concerntration ; ECR200 : Rats
had a oral administration of exiract of curculiginis rhizoma (ECR)
with 200 mg/kg concerntration. Mean =+ Standard Errors.
Statistically significant compared with intact control group (*P{0.05).

(3) Exo] &4 wist

g4 FA H3 AFL Arteriovenous shunt model
(A-V shunt)Z 283t SD HEE o]&3i9tt. & 1At
A dx2E FRFE FAFISHAL, A¥ 22 ECRE 600
mg/kg 200 mg/kg?] TEE FTHEAS A, 158 B¢ E
PE BFAZ o, A9 FAE S5 SRFE T
AR gz FHFAE 239+7.9mgele™, ECR
600 mg/kg T= T FHEAE 199£10.0 mgE H=
= HlF f94d A FAEHAD(*PC0.05). 23U ECR
200 mg/kg BE T HEAE 224.8+£12.82 = &

A BAZL gasgiot S Holx ettt (Figure §).
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Figure 8. Effects of ECR on thrombus weight in a rat
arteriovenous (AV)—shunt model

After AV shunt model experiment, weights of thrombus were
analysised in rats treated with ECR (600 and 200 mg/kg). Intact :
Normal rats had a distiled water oral administration ; ECR600 :
Rats had a oral administration of extract of curculiginis rhizoma
(ECR) with 600 mg/kg concerntration ; ECR200 : Rats had a oral
administration of extract of curculiginis rhizoma (ECR) with 200
mg/kg concerntration. Mean =+ Standard Errors. Statistically
significant compared with intact control group (*P<0.05).
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assay, prothrombinase assay, prothrombin time (PT)
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FHF=EAA goer, I olf= FXazl YAA A=ZL A4
AR mRoA Fa7|AA FoF qTE £ty "ol
t}. E3l FXa: prothrombin®] thrombin®z HIEE= A
< A=, & BY FXa A= 1,0007] o449
thrombin B2 ooz 32 4= b’

FAZi= o8 FFY D B maasd o3t A%
Al whgold, I F A AT AT AFE
thrombin®] F4st7] A7tAY FFolr}, olofl= HiJAG &
Rl A=7 EAstH, WY AHARE Bl HFHo=R
XIaQIAZF A XA &8st XaE WA Aot E3
A AR A FhoA Y 2ARIATE FEEHAR
H AIRIEH 22202}, A VIIQIAL, Al XAXfeof| 2= o] Xa
7} AEt o]A¥ FXae @ -SaL oA Wigld, ¢
48 AR7E FRE 35 A2 7PF A DA ARE Ao
o)

Z2EEHl g}y (Prothrombin time ; PT)Z d& o %3
EEZHZFAE(Thro mboplastin)i} Z42 A7lstd 9B
o2 H&d 7R 9 A7HE Dok LR o] R @S

© 334 AL guistel, A g4 oA oulstel
2% 234 989 A A Az FaF 4¥S Atk =Y

g

T B4L Factor I, V, VI, X9 22 AA factorEo]
gt BHZF S8 A3d H2AEo|W, anti-FXa activity
o} & BFtgpY,

AR H-GaE= QY ARY WA HEE st
o A= Thromboplastin® 2Z4°9Z Prothrombin®|
Thrombin® & HAZst o] EEHlo] (Ca2+, Fibric
stabilizing Factor®] ZF-g¢o2 uHZL-Alo] mEHFPoz ZH
2514 ©ch, weba, Prothrombin timeS Z+% £dARS
o At - A7) Fa3%t 4TS & B oz} 7|9 FTF
9 A=, 3o 7d I ¥ Vitamin K FF3 4733
9 Fg ol $-8Hr

activated partial thromboplastin time (aPTT))d}
prothrombin time (PT)¢] A¥ZA 9o&= FEH 7|4 of
g AFoeR, E3] aPTTE WA AR 33429 &84
S A L

Thromboxane B2 AW F-HE FE3=
TXA29] £& ANEZAH = Arachidonic acid(AA)
£ sk = AlZERIAEL phospholipase A2¢] ]3]
lysophospholipid®} AAE FEAIPIL AZz9te =Ry w&
¥ AAE cyclooxygenase (COX)9 ZgozZ PGG2 U
PGH2Z #A%E % thromboxane synthase] Z-8-2 who}
TXA2E AJAsHA HP?.  CyclooxygenaseS 7A-gdh=
TXA29] olggt AW FAPd2F2 lipid hydroperoxide
(ROOH)e] ¢J8] ZH=o] Yehtmz®™ gatsl 54849
B3 AFEHES] 23] Y £H ARAe %
TXA29] 3=fo] 74 AR 45T 4= ot

AA= ECRoOl Wigr 38d A7 BEad vz §lag, il
*7F @8 mX = FFE gotEr] H8l, in vitro ART
in vivo A8E AT

In vitro A A}, ECRY 838 <ajasol 943
= Ao e o, ol FXa AA| &3},
prothrombonase &4 A &35 E3 PTY Fo4 Q&=
Z717F Uehdth(Figure 2). E3F ol= in vivod] AE 1

o
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Azt AR @ 7A 54 Akt fARHF UEb=dl, in
vivo A@A AE-FiLA|7te]| v|X= ECRY #&5S ¥otE
23, ECRE 600 mg/kgs 45T Ao HESLA
7+ (54.2£6.7 sec)©] ECRE EoslA] &2 fizd
(45.6£6.0 sec)dl H |44 A SUHEANLH
(*P<0.05, Figure 6), ©]&= in vitro 4% & PT 43Zy}
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