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Abstract: The antitumor activity of 4 different solvent extracts (ethyl acetate extract, n-butanol extract,
petroleum ether extract, water extract) was screened in order to clarify the anti-tumor substance basis of
Buddleja officinalis Maxim. The extract with anti-tumor activity was then isolated and purified, while the
structures of the monomer compounds were identified by NMR, MS, FTIR and UV. The effects of
monomer compounds on the in vitro proliferation and apoptosis of tumor cells (MCF-7 cells, SGC-7901
cells, BEL-7404 cells) were analyzed, while the influence of monomer compounds on DNA Topoisomerase
I (DNA Topo I ) Iactivity and the direct cleavage of DNA were evaluated in cell-free system. The
results showed that all the 4 different solvent extracts could inhibit the proliferation of tumor cells to a
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certain extent. The isolated monomer compounds, apigenin, linarin, verbascoside and apigeninpigenin-

7-O-glucuronide, displayed good anti-tumor activity against all the three type of tumor cells, and might be

the main anti-tumor active ingredient of Buddleja officinalis Maxim. Among them, apigenin could

significantly inhibit the proliferation of BEL-7404 tumor cells, while apigenin-7-O-glucuronide

showed a significant effect on promoting cell apoptosis. All the four monomer compounds could

inhibit DNA Topo I .

Key words: Buddleja officinalis Maxim; tumor cells; anti-tumor; activity screening; active monomer

compounds; modern technology of Chinese medicine
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Table 2 1Cs, values of extracts from 4 different solvents of flower
Buddleja officinalis Maxim against three kinds of
tumor cells

I ICso {E/(g/L)
MCEF-7 SGC-7901  BEL-7404
A i £ P 0.50 0.14 0.0064
R BRI 0.47 0.09 0.0026
IE T R ) 0.39 0.08 0.16
TKEE I X 0.58 0.57

2 v 5, BHAE 4 FOREE R A H B X
MCF-7. SGC-7901 F1 BEL-7404 3 Ffi [i1923 41 jfa 11ty 384

1556, 1500, 908, 829, 806, 738, 'HNMR (400 MHz,
DMSO-dg), d: 12.95 (5-OH, 1H, s), 10.37 (7-OH, 1H, s),
10.08 (C-4'-OH, 1H, s), 6.76 (3-H, 1H, s), 6.17 (6-H,
1H, s), 6.46 (8-H, 1H, s), 7.90 (2'.6'-H, 2H, t,
J=5.8 Hz), 6.99~6.82 (3',5-H, 2H, d, J=9.0 Hz).
BCNMR (100 MHz, DMSO-dy), 6: 165.6 (C-2, C),
104.3 (C-3, CH), 183.2 (C-4, C), 158.7 (C-5, C), 95.4
(C-6, CH), 165 (C-7, C), 100.3 (C-8,CH), 162.9 (C-9,
C), 105.1 (C-10, C), 122.6 (C-1", C), 129.9 (C-2', CH),
117.4 (C-3', CH), 162.6 (C-4', C), 117.4 (C-5', CH),
129.9 (C-6',CH), 5 CHR[12]—%, %BENTFHKE,
AW, AR, %55 :592.55 °C.ESI-MS,
m/Z: 615.17 [M+Na]*; 591.19 [M-H] ., UV (DMSO,
JRAEE 125 mg/L), Ana/nm: 193, 266, 333, FTIR
(KBr), viem™': 3470, 1246, 1183 (—OH), 2984
(—CHs), 2936, 2915 (—CH,—), 1660 (C=0), 1608,
1583, 1567, 1503, 1448 (Ar), 1070 (C—O—C), 1431,
1400, 1353, 1324, 1300, 1265, 1208, 1158, 1130, 1088,
1037, 1016, 981, 908, 863, 844, 806, 777, 713, 678,
639, 617, 600, 573, 549, 527, 'HNMR (400 MHz,
DMSO-dy), 6: 6.93 (3-H, 1H, s), 6.45 (6-H, 1H, d,
J=2.1Hz); 6.79 (8-H, 1H, d, J=2.2 Hz), 5.07 (1'-H, 1H,
d, J=7.2 Hz), 4.56 (1"-H, 1H, d, J=15.9 Hz), 8.04
(2,6'-H, 2H, m), 7.14 (3',5'-H, 2H, m), 3.86 (4-OCHs,
3H, s), 12.91 (5-OH, 1H, s). “CNMR (100 MHz,
DMSO-dy), d: 164.0 (C-2, C), 103.8 (C-3, CH), 182.1
(C-4, C), 161.2 (C-5, C), 99.7 (C-6, CH), 163.0 (C-7,
C), 94.8 (C-8, CH), 157.0 (C-9, C), 105.5 (C-10, C),
122.7 (C-1', C), 128.5 (C-2', CH), 114.7 (C-3', CH),
162.5 (C-4', C), 114.7 (C-5', CH), 128.5 (C-6', CH),
55.6 (4-OCH3), 100.6 (C-1", CH), 73.1 (C-2", CH),
76.3 (C-3", CH), 69.6 (C-4", CH), 75.7 (C-5", CH),
66.1 (C-6", CH,), 100.0 (C-1", CH), 70.8 (C-2", CH),
70.4 (C-3", CH), 72.1 (C-4", CH), 68.4 (C-5", CH),
17.8 (C-6", CH3)o 53CHR[13]—5, %K&E NFIT.
AW, S A, 7. 347.2 °C, ESI-MS,
m/Z: 447.27 [M+H]', 445.25 [M-H] ., UV (DMSO),
Ama/nm: 200, 267, 337, FTIR (KBr), viem': 3423
(—OH), 1734 (C==0), 1656, 1605, 1583, 1495
(C=0), 1344, 1244, 1177, 1102, 1033, 831, 'HNMR
(400 MHz, DMSO-dy), J: 6.87 (3-H, 1H, d, J=2.2 Hz),
6.48 (6-H, 1H, d, J=2.1 Hz), 6.88 (8-H, 1H, s), 7.97
(2',6'-H, 2H, d, J=8.8 Hz), 6.96 (3',5'-H, 2H, d, J=8.8
Hz), 5.30 (Glu-1"H, d, J=7.3 Hz), 13.00 (—OH, 1H,
s). *CNMR (100 MHz, DMSO-d;), 5: 164.7 (C-2, C),
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103.5 (C-3, CH), 182.4 (C-4, C), 161.6 (C-5, C), 99.5
(C-6, CH), 162.9 (C-7, C), 95.0 (C-8, CH), 157.4 (C-9,
C), 105.9 (C-10, C), 121.5 (C-1’, C), 129.1 (C-2', CH),
116.5 (C-3', CH), 161.8 (C-4', C), 116.5 (C-5, CH),
129.0 (C-6', CH), 99.8 (C-1”, CH), 73.2 (C-2", CH),
76.0 (C-3", CH), 71.6 (C-4", CH), 75.7 (C-5", CH),
170.5 (C-6", C). S3CHR[14]—5L, BENFFKE-
7-O-Hi A FEIE TR 1
AWV IR E AR, J5 55 :624.6 °C.ESI-MS,
m/Z: 623.07 [M=H] , UV (DMSO), Ama/nm: 206, 266,
339, FTIR (KBr), v/iem™': 3428 (—OH), 2933 (C—H),
1694 (C=0), 1605, 1524, 1448, 1283, 1159, 1117,
1065, 1035, 812, 'HNMR (400 MHz, DMSO-dy),
6.99 (2-H, 1H, d, J=1.9 Hz), 6.73 (5-H, 1H, d,
J=8.1 Hz), 6.95 (6-H, 1H, dd, J=8.3. 1.9 Hz), 7.43
(7-H, 1H, d, J=15.8 Hz), 6.17 (8-H, 1H, d, J=15.9 Hz),
6.46 (6'-H, 1H, dd, J=8.1. 1.9 Hz), 4.32 (1"-H, 1H, d,
J=7.8 Hz), 4.70 (4"-H, 1H, d, J=7.8 Hz), 5.0 (1"-H, s,
1H), 0.93 (6”-H, 3H, d, J=6.2 Hz), "*CNMR (100 MHz,
DMSO-dy), 5: 129.1 (C-1, C), 115.9 (C-2, CH), 143.7
(C-3, C), 145.1 (C-4, C), 115.6 (C-5, CH), 119.7 (C-6,
CH), 35.1 (C-7, CH), 70.4 (C-8, CH), 125.6 (C-1’, C),
113.7 (C-2', CH), 148.6 (C-3', C), 145.7 (C-4', C),
116.4 (C-5', CH), 121.6 (C-6', CH), 145.7 (C-7, CH,),
114.8 (C-8', CH,), 102.4 (C-1", CH), 74.6 (C-2", CH,),
79.1 (C-3", CH), 68.9 (C-4", CH), 74.6 (C-5", CH),
60.9 (C-6", CH,), 101.4 (C-1", CH), 70.7 (C-2", CH,),

( BEL-7404, SGC-7901 ), TEZAZIt[E]N 48 h i), B
AEHHXT SGC-7901 IR 4N AR B I L, 77
SREXT BEL-7404 s dnfti it A ik, Xl REEH
S, B RT3 s A A e /R o]
LA FERIERAE GO/G Wial G2/M 1S9 AT
A
232 ARALERHSMH

Bl 5~7 MEBEFRAFETT . AR FAETHTX
E-7-O-F FIFERERRTT 4 Fh e AL A 4% i 40 B 4
PRIVER . MIE 5~7 nr %0, bR x R 4 Fhepikfe A
Yk BEL-7404 g a5 (B4 L2 RR

(Q2X) HATHME (Q3X) AT-RZH, FI[F)
AR 1.97% . 2.34% . 4.59% . 15.95%; %} SGC-7901
Jib R 20 L B R TR 4 M 5.39% ., 5.00% . 13.50%.
16.31%; X} MCF-7 [t 240 i () 98 7228 53501 4 2.94%
2.47%. 2.49%. 3.16%.

HEEAARET . TRE . ZEH 3 ARk
BV, Fr 33K -7-0-4) % B FR 7 X SGC-7901
i e 20 ) AR O T AR A X R A, TR
16.31%, HREZEH . BEAH T E.

23 WSS WX I 41 Y 1Cs, {EL
Table 3  ICsq values of Buddlea officinalis Maxim compounds

on tumor cells

g ICso {H/ /L
70.5 (C-3", CH), 71.8 (C-4", CH), 69.3 (C-5", CH), wikian 0 s f/(umol/L)
183 (C-6" CHy. 165.8 (C—0). 53CHRI15]- -3t R 16 /h MCF-7  SGC-7901 BEL-7404
Hﬂ( e 3),’”_ 8 (C=0). = (1513, R 24 — 49.5 112.4
%Eﬁ%/‘ﬂmfb%_ﬁ‘o 48 7074 o 0.6
2.3 PhELRBa S 7 954 23.8 1.1
2.3.1  ¥GFEIPH 5T ST 24 — — —
B 1~4 FI3R 3 WA R FAIAET . AR E-7-0- 48 — 297.9 1867
%%‘%%Mﬁ‘ . ;éﬁ;ﬁa)b%_ﬁ‘xj‘ MCF-7. BEL-7404 . e 72 1333 406.0 3236
SGC-7901 3 7l [l 21 5 90 551 4 FE S 4 S0 %k SURETO- 24 6234 8490 498
. A 2 R PR T 48 5471 374.6 429
9 1Cso fi. 72 554 22.5 179
M 3 FIE 1~4 WL , 4 ﬁlﬁﬁiﬂﬁ%%ﬂﬁ 3 EEY Wit 24 2718 875.7 3391
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Fig. 1

Inhibitory effect of apigenin on tumor cells
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Fig. 4 Inhibitory effect of acteoside on tumor cells
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Fig. 5 Proapoptotic effects of four monomer compounds on MCF-7 tumor cells

a [A] FITC/PI b [A] FITC/PI \ c [A] FITC/P1
3 3
A0 e T 6% B+ 0.16% 10 (=0 18% B+ 049% A0 e 0 75% Bt 1.09%
1x10° | 1x10° 1107 |
_Ix10'f L 1x10' _Ix10'E
Ay Ay [=9
O e R 9% | B— 0.10% X0 50 24% B 0.10% R T — Ty S B+ 0.88%
—: J0. fass . 0. () —: . e 0. (] —: 9 /. b 0. (]
0l ot 0l
1 Y | sl vl 1l 1 +aaanul vl Lol Ll 1 /| d el
0 1x10° 1x10' 1x10? 1x10® 0 Ix10° 1x10' 1x10* 1x10° 0 1x10° 1x10' 1x10? 1x10°
FITC FITC FITC
d [A] FIT/PI e [A] FITC/PI f [A] FITC/PI
3 3 — 3
10 e S 370 B+ 220% 0 e 34% Bt: 1.84% A0 B 99% B+ 9.50%
1x10° b 1x102 1107 |
L IX10'E X0 _1x10'F
Ay : =5 Ay
1x100 L e 1100 el 1x100
B—: 92.28% B+ 0.14% B+ 2.75%
0ol 0 0
1 e | vl sl FERTT 1 l | | 1 e | P sl sl n 1ol
0 Ix10° 1x10' 1x102 1XI0P 0 1x10° 1x10' 1x10? 1IX10 0 Ix10° 1x10' 1x102 1xI10°
FITC FITC FITC

a—725 X IR ; b—0.1% DMSO 4 ; c—400 pmol/L BAE M4 ; d—400 umol/L ZFEAETF4H ; e—200 umol/L S ZE 4 ; £—200 pumol/L
TR -7-0-H H R Rt 41
[ 6 4 FhEAfRAL-EH%T BEL-7404 g 4t po e o8 T-7F

Fig. 6 Proapoptotic effects of four monomer compounds on BEL-7404 tumor cells
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Fig. 7 Proapoptotic effects of four monomer compounds on SGC-7901 tumor cells

2.3.3  4RfLAH3 DNA Topo I 894 A 45 R

1 8 F1 9 43510 4 R A5 WITEVR FE S 200
400 pmol/L FX§ DNA Topo I RYIIHIMER, Wi 1
SRR RE VG 2 IR 3 A B A A BE PR X R

ME 8a AT LIAHHN, ZEAEAT . BRI . 7
KEMTRE-T-O- B TR T 4 PPk &
¥1%F DNA Topo I F=AMHIMEH , #EL5YH R
200 pmol/L T, FEEEFEWGL . BT HTRE
A58 44 DNA Topo | WYMEWEIEPE, FEAEH X
DNA Topo I A4 & R &2 55 .

VK3 1 24 pBR322DNA; Jkilf 2 24 pBR322DNA+DNA Topo [ ;
VK3l 3. pBR322DNA+DNA Topo I +¥ 3 E /5% ( 200 pmol/L );
WKl 4~7 KK N pBR322DNA+DNA Topo I +200 pmol/L ( 524E
B BRI rRR . SRR -T-OHERER )
B8 4 FhEa{R{bA Y%t DNA Topo T I HI1EH
Fig. 8 [Inhibitory effect of four monomer compounds on
DNA Topo I

Ykif 1 24 pBR322DNA; ¥kifi 2 24 pBR322DNA+DNA Topo [ ;
¥kif 3 4 pBR322DNA+DNA Topo [+ 3= R HH( 400 pmol/L );
VKIH 4~7 HYH pBR322DNA+DNA Topo I +400 pmol/L ( 24k
T BT . OFRR . TRER-T-O-R B RRT )

K9 4 Fefk{bA Y%t DNA Topo T #IHI1EH

Fig. 9 Inhibitory effect of four monomer compounds on
DNA Topo [

H &l 9 AJHT, 7E 400 pmol/L MK T, #ELE M
B 4 FhEp LA P34 0] 52 4] DNA Topo I
i TG o
2.3.4 EIRALA- 3t pBR322 DNA #9545 A 47

&1 10 2y 4 Bh AL & 9% DNA B 1 300 B4

ME 10 ATRLE W, 16 400 umol/L 3T, [
FERERAEEIES DNA PEWIEIEN, BHELEM
Bl SAETT . BEAEIET RT3 K -7-0- 1 % B S R
HITE—ERE 5 DNA PR, Horp, BEE
BEH X DNA B it A el o



%9 14 FOE, &

W SEAETUIR G P 2 8 M St IR i

© 2013 -

1 2 3 4 5 6

VKki& 1 2y pBR322DNA; Jkif 2 24 pBR322 DNA+DNA Topo [ +
FRILFHTE (400 pmol/L ); 3k 3~6 KK N pBR322 DNA+DNA
Topo I +400 umol/L ( ZAEH . BEEERH . FHXK | T K-7-0-
B PR AT )

E 10 4 FhfRkib &85+ DNA W B EIEH

Fig. 10 Four monomer compounds act on DNA insertion

3 4ig

W3 RARAE DA 2200 8 L AR 45 0y ik 4%
SACTEATIREL, 15206 hBEE I . LR 2 ER R E
Y. IE T BEEREU FUKERES), o BT T S
TEPER B0 . S5 R P, 4 FhOASIEIE R A3 B 1y
AEAE— @ FE L 1 b 4 (g 36 5, Horp, 2R
Z TR LB BT IR SO R B . AR 4 i 15
FNTHRFEER. St BRI RER-7-0-%
EiREERR T 4 M iRfe &Y, X SGC-7901 |
BEL-7404 F1 MCF-7 3 Fffes 40 it B By i ib
G Horp, PR E W WA BEL-7404 iR
HRRRLIRBE T 5 7SR 3R -7~ O~ 4 AR e T 412 E 240
AT RCREBCN B3 4 Fhp R b &9 m #m
DNA Topo | . iX 4 F ikl A 4 2% S AL DM 1)
255504 o L

ARHFGE F T T S AP IR T A BT
WHACIN 4 PRI AT RS AR TR RN Y
A 5 25 P B ) e 20 e 3 A O e 20 i 9
T H I R G S 57 2 52 A6 16 P o4 P 47 e g
SCERRERE TIEAE, itk — 0 R B R 25
HBE TR B E

SE

[1] GUO L (FF&), ZHU W C (R3CK), LIU C (X#). Advances in
studies of chemical components of Buddleja officinalis Maxim. and
their bioactivities[J]. Food Research and Development (£ 5575
F %), 2012, 33(7): 222-225.

[2] XIONG Y (K&H), XIONG Y B (B&#1), YANG Q S ().
Study on extraction and antioxidant activity of total flavones from
the medicinal plant Buddleia officinalis Maxim[J]. Biotechnology
(EHEAR), 2011, 21(3): 85-87.

[3] TIAN S (HA%), MIAO M S (% =). The modern research and
analysis of Flos buddlejae Lobatae[J]. Acta Chinese Medicine ("'
2442, 2014, 29(5): 708-710.

[4] FENG Y F (B2 &), WANG X Y (T45i). Review on the research
of flavonoids[J]. Jiangxi Chemical Industry (JL.FG4LT)), 2021, 37(4):
102-104.

[5] LUOW T (¥ 3#), FENG J H (5354T), WANG L X (FFH), et al.
Research progress in mulberry leaf flavonoids[J]. Chemistry &

(6]

(7]

(8]

[

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Bioengineering (fb.2% 5 £ T#2), 2021, 38(7): 8-13.

WU H L ({hi%:5), WANG S (71)%), CHEN Z J (4357), et al. ERB
promotes TGFBRI1 expression, enhancing the proliferation and
apoptosis in prostate cancer cells[J]. Journal of Youjiang Medical
University for Nationalities (£ 7T.EEEE2=BE2=4), 2024, 46(4):
474-479.

LIU J J (X4E48), ZHANG J (3kH), YANG S P (H#F).
Preparation and anticancer activity of isopimaric acid heterocyclic
amide derivatives[J]. Fine Chemicals K541k T.), 2024, 41(4):
890-894, 919.

LIN S (#£f), QIN H Z (& H), XU L B (iF323K), et al.
Mechanism of Stemona tuberosa alkaloids in inhibiting proliferation
and inducing apoptosis of non-small cell lung cancer NCI-H460
cells[J]. Chinese Journal of Experimental Traditional Medical
Formulae ("1 E L5 7 724 443K), 2023, 5(6): 1-10.

XIE X Y (#i/N#E), SU X N (JRedl), WANG H M (£ Hi#f), ef al.
Genetic diversity analysis of Zizania latifolia by ISSR in East China
based on two electrophoresis detection methods[J]. Journal of
Southern Agriculture (7 5 &\l 2#4), 2019, 50(12): 2638-2646.
LIU B, WANG H F, ZHANG L H, et al. New compound with DNA
Topo | inhibitory activity purified from Penicillium oxalicum
HSYO05[J]. Natural Product Research, 2015, 29(23): 2197-2202.
FENG Q M (/4 PAf), CHEN G (M), PEL Y H (3% H#]). Recent
research progress in DNA topoisomerase | inhibitors[J]. Journal of
Shenyang Pharmaceutical University (34 FHZERK2E244R), 2015,
32(11): 900-910.

XU M F, SHEN L Q, WANG K W. A new biflavonoid from
Daphniphyllum angustifolium Hutch[J]. Fitoterapia, 2009, 80: 461-464.
MARTINS G R, DA FONSECA T S, MARTINEZ-FRUCTUOSOET L,
et al. Antifungal phenylpropanoid glycosides from Lippia rubella[J].
Journal of Natural Products, 2019, 82: 566-572.

WANG K H (F}4), ZHANG Y T (3k¥EH), YANG X W (55
), et al. Chemical constituents from Fukegianjin formula[J]. China
Journal of Chinese Materia Medica ("'[EH1257% i), 2018, 43(11):
2300-2312.

LAN Y H, CHI X F, ZHOU G Y, et al. Antioxidants from
Pedicularislongiflora var. tubiformis (Klotzsch) P. C. Tsoong[J].
Records Natural Products, 2018, 12(4): 332-339.

SEO H S, JIN M K, CHOI H S, ef al. Induction of caspase-dependent
extrinsic apoptosis by apigenin through inhibition of signal
transducer and activator of transcription 3 (STAT3) signalling in
HER2-overexpressing BT-474 breast cancer cells[J]. Bioscience
Reports, 2015, 35(6): 1-8.

MAGGIONO D, GARAVELLO W, RIGOLIO R, ef al. Apigenin
impairs oral squamous cell carcinoma growth in vitro inducing cell
cycle arrest and apoptosis[J]. International Journal of Oncology,
2013, 43(5): 1675-1682.

MULANI S K, GUH J H, MONG K K. A general synthetic strategy
and the anti-proliferation properties on prostate cancer cell lines for
natural phenylethanoid glycosides[J]. Organic & Biomolecular
Chemistry, 2014, 12(18): 2926-2937.

ZHANG F X, JIA Z J, DENG Z Y, et al. In vitro modulation of
telomerase activity, telomere length and cell cycle in MKN45 cells
by verbascoside[J]. Planta Medica, 2002, 68(2): 115-118.

XU Z C (IF&K). Study on antioxidant activity and lipid regulation
mechanism of black wolfberry leaf tea extract[D]. Yangzhou:
Yangzhou University (#%H K2%), 2018.

WANG Z Z (E4+4+), ZHAO Y (&), PAN W W (B0, et al.
Studies on the anti-tumor activity of flavonoids from Youzao
JuJube[J]. Journal of Chinese Institute of Food Science and

Technology (' i 2%4it), 2023, 23(3): 90-98.



