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Growth Inhibition of Uterine Leiomyoma Cells Using Rhubarb

Young Phil Yang, Hyun Tae Kim, Sang Chan Kim, Seung Hee Baek', Mi Rye Kim?, Young Kyu Kwon™

Department of Formulae Pharmacology, 1. Department of OBGY, 2. Department of Pharmacology,
3 Department of Physiology, College of oriental Medicine, Daegu Hanny University

Uterine leiomyoma is the most common tumor in the female genital tract. Although the tumor is benign, it is of
paramount importance since it often causes profuse menstrual bleeding, pressure symptoms, and infertility. Nevertheless,
the etiology and patholphysiology of this abnormality remain poorly understood. The traditional definitive treatment for
uterine leiomyomas is hysterectomy and, even today, symptomatic leiomyomas are the leading cause of hysterectomy
in Korea. Clearly, the development of a safe, effective, and nonsurgical method of treatment for leiomyoma would be
of great benefit to many women. The present study was designed to investigate the effect of Rhubarb on apoptosis
in uterine leiomyoma cells. Results demonstrate that Rhubarb inhibited celi growth in dose-dependent manner. Cell
growth significantly decreased to 60% of control in the treatment of Rhubarb (300.g/m¢). Associated with the decreased
response, there was a concomitant and significant delay of subG1 8.32% above baseline in the treatment of Rhubarb
(300.g/mf). The delay of subG1 showed a dose-dependent manner, as evidenced by the flow cytometry. The reduced
cellular viability on exposure to Rhubarb may represent the induction of apoptosis, at least in part, as concomitantly
evidenced by enhanced DNA fragmentation, PARP cleavage and caspase 9 and decreased pro-caspase 3. In addition,
Rhubarb decreased clAP1 expression levels in dose-dependent manner. Talcen together, there results suggest that
Rhubarb can produce a potent inhibition effect of apoptosis and implicate the delay of G1 phase in the cell cycle and
pathways of caspase 3 and 9 in the mechanism underlying inhibitory apoptosis effect of Rhubarb.
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WA e i) A7l W 1 FQol| wrlEhs fEE:
REY 9E0) AZIES M As, 1 U0 FT @mm
Z PO} EMEREe ARSI FsIGeE. A%S vr)En
(polygonaceae)ol] &3t HEFARE AT HE IKESIH REERE,
BNBE, BREg 279 i Q1 1 GeIR8L mTIE
A, PUEER, FUEBIER S%| A A0E Beld JYrk k%
2 0183 MIREE v 579 BESHE Q CD4 TH o) nlR)
E g8, o] Y9 8% XA gl njxle g8, 2 SV ®m
Rl e G@8, 8 879 Kol BER HHol tis 1
& 59 Ry} YAoU Kol AZZEME vl Haki
thSt AT olxl BaE v} fiich

ololl k¥ol AIZZEAF QEHT A7} AS ASE A
FHO, AEKS AL ABTEMZ0] T8l FAAR)
o MEAFAE fEske Tzluse Basld |98 Zx
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1. A{
1) o)

ni} & 3K (polygonaceae)ol] &3t ThAM X R0l K& S ul+
SielE e TSRS OETN QY AL BAGH
ol A1BBIATH
2) AN Z=H|

Aol ALSE iz YA 71Zolu BRE MOIK e
Aol A AL O KF 982 methanol 18meoll 244)7F EQF
FARAFA A AHENE rotary vacuum evaporatorol 4} 7+t
55 ¢ 5, -70T ol5lolA] 2447} 012} deep-freezedt F 96A]
B AH6] 82 UEAIA 189 HkE ULt 37 B/
o 100mg/m¢ (DNSO)EZ &EdAI] & ABENUE 02m filter
(Nalgene, USA)Z of b5k AMZSIC)

2. 4y
1) 7 it
ABUED S4AQFA AR TS FAdAM AZBIESE
g U2 10619 Xl S AT AS2ET A2
ZA g AF sl AR -78TolA] dE 2T £HY
MFe XY 5949 g2l ALsld EB NFAM ol EdhA
AIASIATE ol9lol 1X} ZAMYE Adl &4l AHTE 2R
dol AS2E MEE YA} viysle] UE MEZE ABSICh
2) LA ME Y
$£E B A AZZEXAE Hank's balanced salt solution
(HBSS) Alol4 27 Wd & 15mL FHol $4 1000rpmolx]
38 AYED dlol 43U AAINCE LIS xZ9)
HEPES (25mmol/L), penicillin (200U/mL), streptomycin (200ug
/mL), collagenase type IV (1.5mg/mL), DNase (0.2mg/mL)E
HBSSoll gL 37C ZolA 3~4AI1F viBlTt. S8 48
B 2 g 0RE o83l AsiA A v AEZ B

3 F 2000rpmoilA} 587 AAEEIEHL 4BAE AASIATE
OJRAE T}A] phospate-buffered saline (PBS)QE Hoji] Q412
2] 311 AJENS HASIRCE ZokEl MEE 10% fetal bovine
serum  (FBS)0] &  Dulbecco’s  modified  eagle’s
medium/Nutrient mixture F-12 ham sjgloA] BJFAIZ] &
37T, 5% CO2 thQJ71olA] RQFSHIL, 24~48A17 & vidole
SEIATE g M EE smooth muscle actinol] T3 HE XA
sBlAAE Algslel 38 W 24 ATl wet 28 AlEeIA
£ syt

3) Y& Mz 448

AEZE MEE 60mn tissue culture dishol] 2X10%cell/dish
2 cell seeding i) 24417 BIQARR) & AHES STEHE §
oI3IC). 24~48A17F BHQAIZ) MEE PBSE MA 1 X
trypsin-EDTAZ resuspension A]Z] $, 1000rpmoi|A] 387+ 4]
2l 3i9ck SN2 MASKL PBSE MASIS resuspension
A7} &, cell suspension 20uL ¢} E&F9) trypan blue solution@
S5 127 FArt. Hemacytometer Aoil4] AoklE AE
+E 33 uiE ALRIACE

4) MTS(Tritiated thymidine incorporation) 4]

96 well plateo] A}ZZEMEE multi pipetS ALE5HH 4%
10°/well 02 BRI Me7iol 24413} Ml The k%S
Ael 3 £ MTS Z5Al, One Solution ReagentE 4! 20f %02
EE 37Tl 1087 YRIBKIATE 2 well B E0IUE mediad
200uL multi pipetZ 0183} pipetinggl] cello] suspension
¥ F well & 1000l ZTEF 3I%cl. 2} well @ One Solution
ReagentE 20uL & 11 37T, 5% CO2 incubatorol] 3t & 1~4
AIZF Alo), AT HSE MTS SEBINCE 9% well plate
readerE 0}83} 490nmolA] FRETE ZF3IYch

5) Western blot analysis

KEg S8 & AE F7) R0l A FAXS} A
ZAPBA] BASh: AR Wl B AN 249
& MEol| Lysis Buffer (10mm Tris-Cl(pH 7.4), 5an EDTA(pH
8.0), 130mn NaCl, 1% TritonX-100), 0.2M phenyl-methyl-sulfonyl
fluoride, proteinase inhibitor cocktailg @il AR 3027 F
¥ NEeIdledl 4ENE Sl Biorad protein assay
kit(Bio-Rad Laboratories Inc., USA)E O}83Kd ThBzIg £&
B F RIAFTAHDuO® 650, Beckman Coulter Inc., USA)Q)
595nmoll BT E HE5I0 A g FBIACE LoiT ©
BjE 22g W)Y ESHL Nitrocellulose paper (Immbilon,
Milipore Co., USA)E ZH710]E (electrotransfer)E AJ#SIYT].
7] 0188 UE blocking8¥(5% skim dry milk in TBS-T
bufferjoll W0l cold chamberifoll4] 12417} shakingsiRiCh.
Blocking89 & AL YxI1&}A(Santa Cruze Biotecnology
Inc., USA)Q] p27, p21, p53, caspase 3, caspase 9, PARP, cIAP1,
cIAP2, Z18j1l Bcl-2& 1:1,0002.% 343} blocking S (4 2)ol
A1 B9t Bk2AIZ] F, 1XTBS-T £€4(20m mol/L Tris, 137m
mol/L NaCl, 0.5% Tween 20)o{| nitrocellulose U} & 31 1087}
33) AMASPCE. 2211 olxF FAQ) goat polyclonal IgG (santa
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Cruze Biotecnology Inc., USA)E 11,0002 2 35|43} blocking
89lofl nitrocellulose BHe @ 11 2417 ¢ UHS A1A BAE B
TAIZICE 1 X TBS-T 8H O F nitrocellulose B 1087 34 Al
AHslol bl BolHog Aghl Us BAHE AAGKECE MAE &
ololl olle TBS-TE A AHSKL ECL Western Blotting
Detection Reagent (Amersham Bioscience, USA)E HE3IKT}
6) FACS(fluorescence-activated cell sorter)o] QI8+ MZEF7] 24

AIZ2E A EE 60m tissue culture dishol] 3xX10° cells/dish
Z cell seeding SI2ICE wiQ7]ol 24X]7F BIY & KES B
T 2o3IYCh 244847 BILAIZ] M EE PBSE MIA &, 1 X
trypsinEDTAZ RE-FA17] F, 1000rpmoiA] 3237 A4 Ee]
SIcE AENES MASIIL PBSE MEFAR] H, 1000rpmoliA]
327 AAE)EKICE AENES AASBL cold absolute EtOH
ImLE 1 ARF A7 F, 4Tol 1A} o]y} M EE IFAZTH
1000rpm 2 2 327 AU ERIEIL &EY FMASIL PBS 448
¥, Trisodium citrate (Sigma, USA) 0.1%, IGEPAL-Ca-630
(Sigma, USA) 0.1%7} /¥ &) RNase A 5mg/ml,
propidium iodide (Sigma, USA) 8N & H715kd UilolA] 14]
H BO 4ol AP FAZEMTIFACH)E 0lE3l
DNA §Hdo) u}2 histograme SHIGTE
7) DNA fragmentation £43

AZLE HEo KEE sTHE AXS F 10mM Tris
(pH 7.4), 150mM NaCl, 5mM EDTA&} 0.5% Triton X-1000] &
AEAS A0l 3087 BT SallE ST g FE0]1 &
88 & 10,000rpmollA] 2087 A ET] BTt UEAHo) 28
¥ DNAE 59 9 neutral phenol:chloroform:isoamyl alcohol
mixture (25:24:1)F $£&¢} F, 0.1g/mL ethidium bromideE &
¢ 2% agarose gelol] A7|G ST F JEBIACT.

4 3

1. K#EY MESA dHEH

UMY RS2 EAE0] AHE STEE TS 24X &
9 AE 4ol g QAFES STt SHEEE oA A80)
E715IR M 300ug/ mlol A= 60%2) S41 A E HArFig. 1).
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Fig 1. Dose dependent effect of Rheum undulatum on growth
inhibition in human leiomyoma cells

2. Kol g8t AZF7184Y

Kol 2t SAGME FHE BH71Z AlYE 20 tha
T0] 1.50%L} 300ug/ml STONA 8.32%2) subG1719) Aol &
QElo} MEAEAN & SHE SRISKAL, STEE Tl
ST 57 WE subGlel AP0l 7RIS SABINICHFg. 2).

33 Control 83
3z r‘z :ai-n
° 5 poiid Eo) GO 1
g;_ 200pg/ml 8 300pg/ml
< B 250 430 00 © 5 P00 AN 800
Contro 100w/ mi 200ug/ mt 300ug/ m
Sub Gi 1.50 155 469 8.32
G1 6052 5847 60.32 54.85
S 6.0 788 743 127
G2/M 3128 31.39 2691 29.03
( % gated )

Fig 2. Uterine leiomyoma cells were treated with indicated
concentrations of Rheum undulatum. Cell cycle profile were analyzed by
FACS analysis. The values represent the number of cells n a phase of the cell cycle
as a percentage of total cells.

3. K#oll g DNA fragmentation £4]

R ZAFE ALY SAHE 8015171 918t DNA fragmentation 8
MM T IR0l Blsl K#E FoddM 87t E71EE
DNAY] 25o] &718k= MEXIHAS EHE SR3IATHFig. 3).

¢ pg/ml )

M CON 100 200 300

Fig 3. To analyze fragmentation of genomic DNA, cells were treated
for 24 hr with control and Rheum undulatum.

4. KHEHO) cell cycle BH Tl Zlo) nmjxj= @k

Kol MEF7)3 2ol vixe ASS 2015 A8 p27,
p213} p53EA S HEBIH OLY, p27, p213Y pS3olM= HIE
2018k 4= gIAUCKFig. 4).
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Kol FEHEMES BBEMY niXe g

( pg/ml )
CCN 100 200 300

B-tubulin A S ———

P27 (27KDa) - - o

p21 (21kDa)

p53 (53kDa)

Fig. 4. Uterine leiomyoma cells were treated with indicated
concentrations of Rheum undulatum, Eilect of Rheum undulatum on p27
and p21, P53 proten n uterne leomyoma cells, Beta tubutn was used as internal
control,

5. K#Eol MEADAL B TllZo] viXi= F&

KES =T8T 2Agt A, pro-caspase 33} pro-caspase
9= BT OAENQ A4S BRI, active caspase 99} WB S =
TOEROR Z71EQ0m, PARPY WA W RAZ/E
ERIBIAT). O)kcaspase 33 caspase 9 AT E ESF MEAHA}
g gt} 211, dAPIREARIME STYAEHLE U
o] ZAERAOL} Bcl-29) cIAP2ZSAAR: BT Toi%o] wudl
giglel4l WHY ZolE Y 4 UAUTHFg. 5).

( pg/mi )
CON 100 200 300

Pro-Caspase 3

S A WP i 4~ 46Kk Da

Caspase 9
A | A 4 38) Ty
PARP 116kDa
85kDz
Bel2
C-1AP 1
C-IAP2
B-ubulin - e ot ma. -

Fig. 5. Uterine leiomyoma cells were treated with indicated
concentrations of Rheum undulatum. Effect of Rheum undulaum on
Pro-caspase3, caspased, PARP, Bcl2, cAP1 and cAP2 protein 10 utenne
leomyoma celis, Beta tubuln was used as aemal control.

RN

ASZELS o GAl7lolA] wilshs 718 &5 8 28
o2 YUHOT Z&(myoma) ¥ BE2E(leiomyoma)o)
2t BT YTt AAL estrogenAEY, FHH, UAFH 4}

YT s o}s] HESHA WBiZl ehgcloh} eErId2 ¢l
T} S42 B UASEY T SURE0] V1A W, 19 1B Y,
Bo W QX S So) UERChT s gyogs 9
IO AEFHEE, 2EMAS0) Yo, AZ2HEeE BY
S Rukshl QAlEEH BE0] g3 Ao tiaiie AE3
Xgdo] ohim, 30~40HY HURAME AZHES0 A
P AEHES oIt LEAAES AN3HESE £, &8
o] Lon, 51%2 Yol AL 15-20%7} MFeE AlHS
o} NS AHgdlE U4EH ]S GnRH agonist B0 & &
EE AME GAELE AT ARR, 259 I8 ¢4
HOg £ol& v 42X oA Fo Bttt Foll= 2E0|
TH] ZXEE GRS ARE HA 31 Aok, 8 A=)
A TSt Aol AB2E 9 RE Muska AL}
OMEMAl 1 ZAlo] 01X ¢l Uk AZEEo| T2 &
TASTIL WZIBKY progesterone receptor blocker ¢ RU-486
2 NER £FIM X7l £} Yrke BasF Qe ol
A F71710) Ao visiM e BEEA LUt olgjol B R
59 X FHE AL A= BUF/AR! pirfenidong o1 &3I4
259 AIE £4] 4 collagen WHE ARSIYh= Buk At
9, Nowak §72 HANA} & MZ) ZA] W collagenoi}
T EE AS3 A2B350] AP MUBHL ol BB
QAXIE ASHE EUAY 7IsH e A3 Jich =8 /d
ol AL FfEle] 259 40%0i4 S olde SR
o170} AHRZ0ILE RO R FEG W IRl tist ATk
A I Ut H 2ol AR AB2E NERE Y
5l (BB b AEoiA AAEZAY EQ 4 Sols
Eg2a B4 & 259 w8 ks RIS ATH. o9l
GnRH antagonist, angiogenesis inhibitorol] #3t -7} &ls)
D= T U, P41E AdH AdolAM F4He KA X8
7} 7SN E 8W6] |Tskil itk

mESNAM T &l Y47 W I Fol WHildhe BEE
FEY 9EQ NBIES gme) AP, 0 Qoig F=g
BOE ot EMmeRES XS5l XR3INCH S A% o}
Ui E K polygonaceae)ol] &8t ZFEARKRLT HREME= &
SriE{Rheum palmatum Linne), HIEUhEHR tanguticum
Maxim. et BALF), QZ8B(R. officinale BAILL), AFZ(R.
coreanum NAKAID, ZUH2HR. undulatum LINNE}EQ| 18
3 RFOILPS. ek wesin] WA, BNHE BRER
i, MARER, AR, RNEE, WAAR SREE BN
BE, RIEE, BITEBES AgsiT”, 1 WwRIB_L ®WT
fEFE, PIEBMER, MAESIER 5% Ax ROE W&A Ak X
#e o188 maEs v 570 wEEle Y CD4 TH 20| 0|
e @8 o Y9 MEEmne) wRMeEe S pEms
, 0% BE 17 ol vixie Jg & 529 ¥5X- Y
o8N] vEE G, u) 579 Ed BIRAmIAS 15
o nixle @8 @ VY mEREdld) nixl= @8 4 Y B
BERS0) WHE RImABEE) viXE 8, 3 B9 BRIk
el M= B8, 2 Y9 ki REERD IS W &
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%7 chemokine?| W4oix) F}, & 79 Kol BHY HH
ol thdl 1& 9 Bart ASu} Kol AZ2EME o)X
© gako) g a7 ol Bu vt glict

2 d7ike AEE Fool AS2E Al Fol ni]= g
2 HIIin K4 o) Fo] £9] MES4Al pjRjE FE2
STt E71EEE A 254] GA7) o] Yol O, 300ug/ml
oAl 60%9 BAARE BT olgd SAAA I MEAY
A2 RESHEAIE RAIE BA71E o188 AZFVIIE B4
ollA] subG1719] AFE BRIGIFCE =3l DNA fragmentation
E4g Edl o Fo Foll 5571 £7184E DNAQ 2do]
E7lEE AE oKL IHER G719 dag Zesi
AZAHAIR o220 ST MEF7IEE 2404 subGl
719 HFo] BRIFo] p27, p2134 p53 TRNAIS 2AFIATE
ME SEEE FAsINCU sTol WE p27, p213t p53 71
A e S} gls ASE Hol g ME F132E
BABHA] Y= AR HAZh MEXEAL AZE goldr)
{15 caspaseil} PARP 241 & 3}0} pro-caspase 3, pro-caspase 9
9] 249} caspase 99| £71E &0151%11, PARPS| 2E & 2R)
BINCEE k¥ caspase 3 U caspase 99 ARE EJ AT
AFHAYE S8R ol9ol| Bel-2, clAP13} cIAP2 SEAIE B4
St B3k Bdl-29} clAP2E ool wiE UsiHglE Ade & gl
AL, cIAP1= SEAEHO R wdlo] ZATDE HEAG A0
HBASh= caspased] BHE 7K ASE YAPL). IHEE
Kol At AS2E MZ BAGAE JdAP1Y oA B
caspase 3, caspase 99| 84358 B¢ M ZANHA 71018 A2
g Qokgry.

olael ZIE Hot KE2 AZ2E M ZolA] SAlA &}
£o] Ao, AEF7|F 29 G17|& AABI, NEIXHAIZ
OIEA gt} IBER o] KEE 0|88 AIZ2E9 UERES
A% A ZEX9 THsHE BAFUCH

a &

K#o| AZZEa njXe e Bk A6, axzEy
B &S 1A 8l XS 2EA 2ol KEE ARG & HNEFT)
9} MIZAFEAL] WEY Gl wslg AR bl ohen g2
AEE At

KE2 NS5 2ol ol sLAEHOE FAM &
HE VERAR2H, 300ug/mlojAE 60%2) F4] AAE RYC)
K#ES STAENOR subGUY E718 |T5iAch kKL
SEEHCT DNA BEE {Tokich K#2 p27, p21n
p33 FEALY] whdol= M3y} QOB 2 MEF7)3Z BN
A BEC) KFS caspase 3 W caspase 9 A2 E EI M EA}
A /Tl

old9 AME Hol KE2 AZZE MEoa F4] A
ZHgo) AoH, NEFE7|E 29 GI7IE dFsiol, MEAPIAIZ
OlZA It} JBEE KK X225 AERFE A% I
2A49 Jls8 € RAFUCL
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