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Screening of active fractions from Rhaponticum uniflorum (L. ) DC. for anti-
lung cancer
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ABSTRACT: AIM To screen the active fractions from Rhaponticum uniflorum (1. ) DC. for anti-lung cancer in
vivo and to analyze its chemical composition. METHODS The five active fractions of organic extract of R. uni-
Sflorum plus aqueous extract of decoction dregs were incubated with human lung adenocarcinoma cells A549 and
H1299 to screen the strongest active fraction. Tumor inhibition rate, thymus index, and spleen index were observed
on Lewis transplanted C57BL/6J-bearing mice. UPLC/Q-TOF-MS-MS was used to analyze the chemical composi-
tion of active fractions. RESULTS The fraction from R. uniflorum inhibited the proliferation of A549 and H1299
cells from the strongest to the least strong were n-butanol (ICj;, 205.43 pg/mL) > ethyl acetate (ICy,
244.22 pg/mL) > dichloromethane (1Cy, 350.40 pg/mL), and n-butanol (1Cs, 315.87 wg/mL) > ethyl ace-
tate (1Cs, 356. 13 wg/mL) > dichloromethane (ICs, 416. 13 pwg/mL) , respectively. The fraction from R. uniflo-
rum inhibited the Lewis tumor-bearing mice tumor growth in the order of n-butanol high dose group (37.43% ) >
n-butanol low dose group (32.91% ) > ethyl acetate high dose group (25.87% ) > ethyl acetate low dose group
(21.15% ). The main chemical compositions of active fractions for anti-lung cancer are comprised terpenes, sterols

and plant hormones. CONCLUSION The strongest active fraction from R. uniflorum for anti-lung cancer in vivo
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is n-butanol fraction, which contains oleanolic acid and ursolic acid as triterpenes, beta-sitosterol and stigmasterol

as sterols, and beta-ecdysterone and rhaponticum as plant hormones.

KEY WORDS: Rhaponticum uniflorum (L. ) DC. ; active fraction; anti-lung cancer; chemical composition
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clipse TS100 8] % W i %% (XDS-1B, H AR
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W R i A KA I3, SR A SPSS 17.0
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PEZH I I T S PRI e [30 me/ (kg - d) ], &FH
0.2 mL/WR; Zh2hdl [ vl &4 30 g 4245/ (kg -
d) ], A H 15 g 425/ (kg - d) ] HEH W,
4 H 0.3 mL/W, 14 d J5, FREJFALSE/INE, FIH
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A; 15 ~20 min, 45% ~ 65% A; 20 ~ 28 min,
65% ~100% A, KFH M B 0.2 mL/min; &
2 pL; #E 30 C,
2.4.2 Ui miEE IR (ESD), ALl
J£23 V, BAEARIE L3 KV, ZAdr/k Sy 40 psi,
HLEHL R 40 'V, BIRIRE 120 °C, REHALR
T 350 °C, Ayt 700 L/h, Al BT e m/z
50 ~1 500, BEFMRtE: IR TR (positive) .
2.4.3 WWAECH X RRGISW S 0K B PR
B-WifZ ] 1.00 mg, BM LK 1.03 mg, HBIR
1.02 mg, FFEIRAER 1.03 meg, BERMEEZ 1.02 mg, 4>
MERZE 10 mL, MPEEEZIE, #5, &,
PR FRIRR PR R 29 10.0 g, REEAK
E, BEIEHIER T, 8 f5h 80% LBl 7
W2, B2 h, G, WUEWSE, ki,
#wH.
2.5 HBAATFH LRBIRM s Fon, R
F SPSS 17. 0 8 gtAr 581t o0 b, 2H 18] He AR HI 5
WERT7 20041, P<0.05 A5t E L,
3 KBER
3.1 BEIRREMFZI Y IrH AS49, HI299 48 e
¥4 78 09 VE )
3011 P [ 9 50 2 B 410 o) i 9 0 S AS49
RESERVERT T AN R 5R SR B ) AS49 14 5H
AFEHT R RB MR . TE T BERAL > SR SR
A > "R EEARAL, A AS49 BEHHAY 1C5, 735
(205.43 £16.10) , (244.22 +£10.34) . (350.40 =
19.67) wg/mLo fEARERAL A, o e BE Ok,

P AR R, A TRV R SR B S ) AS49 1 5E
APE SR o e . SEEfed L, BT REHML
2 LT 2H 40 1) AS49 ¥4 1Y 1C,, A B 35 Pk 2% 5+
(P <0.05), JriiE T BB AS49 1458 1 F dx
i, LRROERRAIRZ, KFALKTF 1000 pg/mL,
AN TCH] AN EE R, WK1, E 1,

1 RARERFREYN G FEMAR AS49, HI299 1

ERY IC,, (X x5, n=3)

Tab.1 IC,, of extracted fractions of Rhaponticum uniflo-
rum (L. ) DC. inhibiting A549, H1299 lung canc-
er cell proliferation (x £s, n=3)

ICsy/ (425 pg-mL™!
4151 so/ (£ pgrml.” )
A549 H1299
T o AR AR AL 375. 47 £23.70 428.87 +7.98
7 G R e o 350. 40 £19. 67 416. 13 +10. 45
2 2R TR 244.22 £10.34*  356.13 £11.30*
T IE T mESRAL 205.43 +16.10*  315.87 +13.72*
T KR >1 000 >1 000
. SRS EL, P <0.05, P <0. 01

100 1

90 1 ®3%

80 1

70 -

2 60 1

3 50 1

E 4 |

& 40

Zg | 7500 pg/mL
e 1000 pg/mL
0 :

B WAE RS E OWNZER ORSET

AL FREEEAL  ZBEESG  EREAL

¥ 5l 63 pg/mL LEK, * P <0.05, P <0.01
1 WAREAFIRE Y0 ) i 728 40 A8 AS49 $EIE Y
R (xxs, n=3)
Fig.1 Effects of extracted fraction of Rhaponticum uni-
florum (L.) DC. inhibiting A549 lung cancer

cell proliferation (x £s, n=3)

3012 Py A [ 9 59 S ECH 300 o i 98 40 i 1299
WEFERVET e AN TR 9 790 S U i) H1299 3

SHEVE T d RN /MKYCR - IET BB > LR L1
WL > “R B ER AL, A H1299 HEAH 1 1Cs, 73511
A(315.87 £13.72) . (356.13 £11.30), (416.13 =
10.45) pg/mL, FEARFFRAIH, B BB, 1
R, T AN [ S A ] H1299 B4 1Y
VRIS RAOm . SRR AL L, IET B4 M LR
CERALIM &) H1299 s A HIA W F 122 7 (P <
0.05), I 1E T Bz 4 il H1299 354 ) freoi,
LIRCTRTAIRZ, KEEPIRT 1 000 pg/mL, fASh
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JCH A EE, WL K2,

1001

90

80 - .

701 B 0410 pg/mL
* 60 I OJFF63 ug/mL
iii ig B 125 pg/ml
= @250 pg/ml

204 BIFA500 ng/mL

10 aIF51 000 pg/mL

0

ik} WA R ERM LR RPIET
AL FEEERAL ZBEHAL BEERAL

d: 5l 63 pg/mL H#L, * P <0.05, “P <0.01
2 RAREBRFIREN 0 S B 40 AE H1299 1E5E M
ER (x5, n=3)
Fig. 2 Effects of extracted fraction of Rhaponticum uni-
florum (L.) DC. inhibiting H1299 lung cancer

cell proliferation (x+s, n=3)

3.2 T Lewis #78  RY B . PR, IRREGY
AL

3.2.1 AN TR 7R S B X A 9 /) B R )5
Wi P g S AR AR MR B IMEIR g IR T iy
R > E TR > ZRROBRE R > &
R £ g AR 500 B 41, 40O R o O (37.43 +
4.80)% . (32.91 £7.31)% . (25.87 £4.75)% .
(2115 +5.31)% . I 44 25401/ BURE 8 /B
WY BT RS EA < ETRAGHEA < 2R
TR < TR CBRARR B2, JE o000 N
(2.49 £0.58), (2.54+£0.95), (3.24+0.42),
(3.31+0.26) g,

SRR, BMMEA BEEER (P<
0.05), /i LR CPRANE T BEARALXS Lewis i
PG RAIHRIVER . SO, mRE R E
ARFEEZES (P<0.05), JW/"OROEAIET
PR S Xof P 7 Lewis Jifrfgg 184 < A0 400 o 2 P 422 B
WivE; 5O OBRRARAL, BT R E R A
REAREEES (P<0.05), J§/iET B
M BRI RO B, W2 BT 3,
3.2.2 P AR 50 3R BOCH X g /0N BB i et
NERREIE  SREBUA LG, a2 M iR TR o o
Ze5 (P <0.05), /NRBRRIE RO, W OMR
CTRANIE T B BE A 19 /N S e s H1IE
TR L, IR T R R A R o
PEZES (P <0.05), 1ET XS /N B G s o i )1
ER BRI 5 2R OBRERIEAL, B
2102

x2 FAAEBRFRMEENRMENIER (X £5,

n=6)
Tab.2 Effects of extracted fractions of Rhaponticum uni-
florum (L.) DC. on mice bearing Lewis lung car-

cinoma (x +s, n=6)

20 3 JE/ g 2/ %
2] 3.58 +0.71 —
R e 20 1.37 £0.20 61.45 +2.61
T TR TR A 3.31+0.26* 21.15 +5.31
TR 28 L B e ) i 3.24 +0.42** 25.87 £4.75
I T R A 2.54+£0.95* 32.91 +7.31
P E T A 2.49 £0.58 "%  37.43 +4.80

e SHEIYI AL, P <0.05; AR A 5K R4
B,'P<0.05; W IE TR M F R4S 2 M 2w a4l e,
*P<0.05

A, BIEIZ B, FHMEA C WACROBRMIGHNEZA D WML

MROME i B e E TRl F. W IE T R 5

A

A. the model group B. positive group C. low dose of ethyl acetate ex-

tracted fraction of R. uniflorum group D. high dose of ethyl acetate ex-

tracted fraction of R. uniflorum group E. low dose of n-butanol extrac-

ted fraction of R. uniflorum group F. high dose of n-butanol extracted

fraction of R. uniflorum group

3 RAAREBFIZIYX EE /R Lewis BiyE g #1 5l

ERA (xxs, n=6)

Fig. 3 Extracted fractions of Rhaponticum uniflorum

(L.) DC. inhibiting mice bearing Lewis lung

carcinoma (x s, n=6)
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AL, R AR RO 2 R (P <
0.05), Y/ LR CBEANE T BRI /N B i 1 i
TR R 5 MO FIEALL,
BT AR R A SR RO R P22 5 (P <0.05),
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Tab.3 Effect of extracted fractions of Rhaponticum uniflorum (L.) DC. on mice thymus and spleed (x s, n =6)

A5 i B 55 12/ g Ha e (mg-g™") T E B/ mg RS (mg-g™")
R 2 10. 48 +2.27 0.37 +0.07 108. 60 +21. 40 3.58 0. 66
R E i 7.63 +1.94 0.30 +0. 08 52.02 +8.42 2.16 +0. 31
T 7 TR O TRAVG ) £ 2 12.25 +4.26 0.44 £0.16* 97.87 +34. 86 3.62+1.36
T R S e ) 12.70 3. 58 0.47 £0.12* 134.05 £25. 01 4.71+0.73*%
TR I T W0 £ 2 12.52 +3.32 0.49 £0.12* 84.57 £12.91 3.31+0.43
T I TR R4l 21.13 +1.46 0.81 +0.04 *#* 164.95 £32.24 6.31 £1.29*%%

T SRR LE, * P <0.05;

TR Ve AR 2R S ARGR R 2 e, P P < 0. 055

WP IE T B N A S L SRR R R4 e, ¥ P <0. 05

3.3 UPLC/Q-TOF-MS-MS sf i 7 ik £, § 8 £, MR, BN HXN0E S, 2RI —2
MR RN IR SRR B A RIS R, M2, 5, 6, 9, 10 S5
IEBTHATABG R BE, WK 4, 2R Uﬁﬁﬁ?@ W N R B -4 S B
AT ORI 1, 3, 40 7, 8 S, EAMNIE TEEE, Wk,
B-LH IR I3, BRI . SRR AR
100 - 100,
90 . 90 ¢
80 1 80 1
701 70 1
60 | 60 ¢
£ 501 g 507
~ <
40 | 40 1
30| 30 |
20 1 1 . 1|{8 20 1 | | ‘
o | L e b R Um,mm Wit T el
25 50 75 10 12.515.0 17.520.0 22.5 25.0 27.50 #/min 25 50 7»5 10 125 15 0 17.520.0 22.5 25.0 27.50 ¢/min
AJRAR R B3 2R L Ra AL
100 100 -
90 + 90 1
80 - 80 |
70 - 70
60 « 60 |
:l: 50 - :i: 50+
40 - . 40 \
30 M = 30 2 -
20 1 ‘ |8 20 1 Y ‘ ’
10! ' “2 ‘\ Lo '|‘. 456 P a0 101 ¥ ; L i ' 5 ;9‘
o AT ) S\ ol W, WL YL b AL
0 25 50 75 10 125150175200225 2502750t/m1nG 25 50 7.5 10 125150 17.520.0 22.5 25.0 27.50 t/min
C IR RHR AL DR IE T AL
1. B-Wipz Ml 3. #paFE 4. BRI 7. FFECRMR 8. AR
1. B-hydroxyecdysone 3. diosbulbin B 4. pomolic acid 7. oleanolic acid 8. ursolic acid
B4 RENBRRMFAREBFRRYEEFRE
Fig. 4 Total ion chromatograms of extracted fractions of mixed reference substance and extracted fractions
of Rhaponticum uniflorum (L.) DC.
4 iFig K, IETEARAMGIE LT CIROERERAL, BFST
AT R B P O TR CTRANIE T BB AL 4 RE  3RBH, WP PO 6 1 Je otk 1) A 1 T AR AL
TR AU AS49 A HI299 HYFH, W iE T BEAE  /KERFALX fisia 4 A JCBA S A E A, X 5155
PAMHIVERIE T IR ORI T LR CFERMIE  JKRIIRZG A W] 25 5o X AT e PR A SRR 14 1Y)

TR REIN R Lewis FEAR T Je /1N BRUBH IR 114 44

PUIRE TS PR RAEBUT A, 50K BRI R Z
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F ' SR ARIEIERL Y, KR IR o 20, T

o AL SR A R R R AR PRI OY . AR R

e 2SIt 2L A0 PR A R
Emﬁm : GRONE, TR T B R RN K P 25808 43 i 2o

S HERMR
B 5 mARRBRFTRERASHLFEEHK

Fig.5 Chemical structures of extracted fractions
of Rhaponticum uniflorum (L.) DC.

7 FHIBRE

VR A AR U A PE ] . T — i, B
X AT R O BESR MUK, AN R A LI )
XA PR T AL, W AR R R AR, X
FARBGROL AR, B JEIT HPLC F1 MS 2347, [
IF AT 1A PN SN0t 7% P 52/ o0 B o T P 4
i 4 A 2 8 P 0 A B R O 5 AR B
AR PR H Xt e 7 7K 38 S AN [ 95 S B o
TFRABIBISE

x4 RATRBEFRBOLEDHRIERER

Tab.4 Mass spectrometry information of extracted fractions of Rhaponticum uniflorum (L. ) DC.

' aEY £ B8 15 )/ min g3 R ES ¥ m/z — Y TR R

1 (B-15 Kz 54 i 5. 869 480 481[M+H]* 481,459,228 ,209 481,475 ,201,118
2 e 7.900 508 509[M+H]* 509,340,209 -

3 #wihz & 8.536 344 383[M+K]* 383,367,317,209 383,367

4 Werimg 17. 487 472 SII[M+K]* 511,397,231 511,228,184

5 HEAN:S 18. 124 576 577[M+H]* 577,354,308 577,385,193 ,147
6 + 5 18. 860 496 497[M+H]* 497,330 497,184

7 FUR R 21.762 456 913[2M +H]* 913,457,439 ,411 913,411,203 ,184
8 AERR 21. 801 456 913[2M +H] * 913,457,439, 191 913,411,203 ,147
9 B-4 i 25.077 414 415[M+H] * 415,378,355,279 -

10 R 26. 089 412 413[M+H]* 413,393 413,393,184 ,149

SCHRIRGEFFIORTR . RRR IR AR 5 =il &
REVE IR AN T SO0 A G 5 . 0 i
TR ZREERS , B4 I It A1 L 5 B RLL A o s 40
PR JRIIYY | R 2 2GR 20, WP R I A R EL A
AMIRENE . EEROIMR AN A VERT, 150 B S AR AE
WIS AT IR B s BRI BRI Y 2R
ST AILE T Bt 2 2t AT IR R A g
REE M =052, LU g4 e, B oA
MBI RLL B-1i B2 B AR . W = 2K oAU
TR, P TE PE AL A P MOV I S
F, HOCIIGE—E W LR SR ERALANIE T I
PR AR A ST I8 25 R0 1) 22 AT RIS, MO O3
AL AT R A 22
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