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Cytotoxic sesquiterpene lactones from Berlandiera lyatra
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Abstract：Objective To study the antitumor natural products from Berlandiera lyatra．Methods

Compounds were isolated by liquid／liquid partition and chromatography on Sephadex LH20 and silica gel

columns．All process of the fractionation were run with the guidance of cytotoxicity bioassay by MTT

method against three human cancer eell Iines．The chemical structures of bio—active compounds were iden

tiffed on the basis of spectroscopic data．Results From the CHCl3一soluable fraction of the title plant，two

cytotoxic compounds were isolated．They were determined as 3a epoxypumilin and pumilin．Conclusion

3a epoxypumilin and pumilin were responsible major compounds for the cytotoxicity in the methanolic ex

tract of the plant．Both compounds were isolated from the B．1yatra and were reported to be of antitumor

activity for the first time．
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Berlandiera lyatra中具细胞毒活性的倍半萜内酯
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摘要：目的研究Berlandiera lyatra中的抗肿瘤活性化学成分。方法以MTT法进行抗肿瘤活性化学成分的

追踪，利用硅胶柱色谱和Sephadex—LH一20分离化合物，用理化和光谱数据确定化台物结构。结果从Berlandiera

lyatra的CHCIs括性部位中，分离得到了两个细胞毒活性化合物，并确定其为3a一环氧短小伯兰菊素(3a—epoxy

pumilin)和短小伯兰菊紊(pumilin)。结论 3n一环氧短小伯兰菊素和短小伯兰菊素是该植物抗肿瘤的主要活性成

分，也是首次从该植物中分离得到的抗肿瘤活性成分。
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1 Introduction

Berlandiera oatra Benth．(Asteraceae)，com—

Non name chocolate flower or chocolate daisy．is a

perennial herbal plant and distributed in southwest

USA，Texas State and northwestern Mexlco．Its

common name revealed its characteristic of yellow

daisy—like flowers and a subtle smell of chocolate．

In the course of our search for potential hovel anti—

tumor agents from desert plants，an extract of B．

1yatra was found to show reproducible，significant

eytotoxlclty to three human cell lines tested．

Therefore，we had further investigated the cyto

toxic constituents by bioassay guided fractiona—．

tion，and finally led to the isolation of tWO known

cytotoxic guaianolide type sesquiterpene lactone

compounds，namely，3a—epoxypumilin(I)and

pumilin(Ⅱ)．Although there were a few of re—

search reports focusing on the guaianolide—type

sesquiterpene from the plants of genus Berlandiera

and its relative genus[1。“．the researches on phy
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toehemical investigation on anti tumor activity of

the constituents from B．1yatra haven’t been re—

ported except for the brief mention of its major

constituents in a literatureL“．

2 Experiment

2．1 General procedures

IR Data were recorded on Shimadzu FTIR一

8300 spectro meter with KBr plates；1H—NMR

spectra were recorded on a Varian Unity 300 spec—

trometer in CDCl3 and pyridine d5 with residual sol—

vent as internal standard．MaSS spectra were de—

termined with Shimadzu LCMS—AQ 8000 on Su—

pelco(25 cm×2．1 mm，5“m)Discovery@C18 col—

umn，using APCI(+)and APCI(一)or ESI(+)

and ESI( )mode under 3．5 kV or 4．5 kV for

ionization．Sephadex LH一20(Sigma)was em

ployed for gel permeation chromatographyt Lower

pressure chromatography was performed using

Baker silica gel(40 gm)with nitrogen gas to main

tain pressure．Merk 25 TI。C aluminium sheets(20

cm×20 am，silica gel 60 F254)were used for

preparative TLC．MeOH，Methyl ethyl ketone

(MEK)，hexane，dichloronmthane(DCM)，and

other solvents used in the experiment were a11 GR

grade．

2．2 Plant material

The total plant of B．fvatra was collected

from the Sonoita area，Santa Cruz and Pima Coun

ty7s Anta Rira Mountains，AZ，USA．The

identification of the species and collection of plant

material were carried OUt hy Dr．Steve MeI。aughlin

and Mrs．Betsy Lewis at Southwestern Center of

Natural Products Researeh and Commercialization，

the University of Arizona．A voucher specimen

(No．SPM 8144)was kept in the center．

2．3 Extraction and isolation

Aerial plant material was placed in a drying

room for three days to remove all moisture．Upon

drying，the plant material was ground in a Wiley

mill to yield powdered materials(351．5 g)．

Ground material(100 g)was sequentially extract

ed twice with 24 h soaks in hexane，MEK，and

methanol，respectively．Extracts were evaporated

and dried in vacuum to yield three initial extracts：

Hexane extract(1．656 g)，MEK extract(2．154

g)，and methanol extract(11．04 g)．These ex—

tracts were tested in cell line assay．MEK extract

was found to be active and further partitioned in

hexane／80％aqueous MeoH，then chloroform／

60％aqueous Me0H for 80％aqueous MeOH por—

tion．Hexane portion(residue 588．6 mg)，chloro—

form portion(residue 1．289 g)and 60％aqueous

MeOH portion(residue 0．278 g)were retested in

cell line assay．Chloroform portion indicated cyto—

toxicity and supplied to further separation．Bioac—

tive chloroform portion(1．0 g)was subject to 15 g

Sephadex LH一20 column for permeation，eluting

with 300 mL of DCM／hexane(4：1)，DCM／ace

tone(3：2)，【)CM／acetone(1：4)，and DCM／

MeOH(1：1)，collecting fractions in 15 mL／frac—

tion．Based on TLC pattern of fractions in normal

silica gel 60 FⅢplate in DCM／MeOH(i00：6)

and isopropanol／hexane(20：100)，similar frac—

tions on TI。C were combined and supplied for

bioassay after evaporating and drying in vacuum．

Combined fractions 9 14 and 28—30 were found

to be active and used to be further purified．The

separation and purification of the two combined

fractions by silica gel column(eluting with iso

propanol／hexane 1 ： 10) and preparative TLC

(EtOAc／‘hexane 1：2)led to the isolation of 3a—

epoxypumilin(I)(65 mg)and pumilin(Ⅱ)(8．1

mg)．The structures were elucidated by spectro

scopic method(HPLC—MS，1H—NMR)and chemi—

cal derivation(acetyl derivation)，and comparison

of their NMR data with the data previously report

ed．The chemical structures are seen in Fig．1．

I R=HT㈣R A
11 R=H

II a R；Ac

Fig．1 Chemical structures of 3c【-epoxypumilin(I)

and pumilin(Ⅱ)

3 Identification

Compound I：Colorless solid；IR《：cm
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3 421．5， 2 903．1， 1 772．5， l 714-9， l 678．0，

1 620．1， 1 407．9， 1 263．3， 1 230．5， 1 110．9，

977．8；HPLC—MS(80％MeOH／H20，O．2 mL／

min)：靠=s．34 min，m／。391([M+H]+，[EsI

(+)]；1H—NMR(300 MHz，cDcl。)占：6．21(4H，

m，H一9，1 3a，1 3b，3 7)，3．90(3H，m，H 6，7，

8)，3．80(1H，s，H一3)，2，20(3H，s，Me 10)，

2．01(3H，s，Me一2’)，1．97(3H．d，t，一5．6 Hz，

Me一37)，1．79(3H，s，Me 4)；‘H—NMR(300

MHz，pyri din—d5)d 7．07(1H，d，J=9．9 Hz，H一

9)，6．5l(1H，dd，l，一2．7．1．0 Hz，H一13b)，6．41

(1H，dd，．，一2．7，1．O Hz，H—l 3a)，5．90(1H，dq，

J一7．5，l，5 Hz，H一3’)，4．56(1H，dd，J一11．0，

3．7 Hz，H一7)，4．20(1H，d，，=11．0 Hz，H 6)，

4．12(1H，ddt，J一9．9，3．7，1．0 Hz，H 8)，3．84

(1H，s，H一3)，2．41(3H，brs，H一14)，1．97(3H，

d，．，一7．5Hz，Me一37)，1．89(3H，s，H—15)，1．88

(3H，s，Me一2’)．

The p心paration of 8一acetyl一3a—epoxypumilin

(I a)：a mixture of I (5 mg)，acetic anhydride

(O．3 mI．)，and pyridine(0．3 mL)was kept stay

i“g overnight at room temperature (25 ℃)and

then evaporated under reduced pressure to give a

residue． The residue was chromarographed on 20

cm×12．3 cm silica gel 60 F捌TLC aluminum

sheet for Preparation and purjfjc8tion of its acetate

with DCM／MeOH(10；1)as developing solvent

to give I a(1．2 mg)．HPLc—Ms(80％MeOH／

H20，O．3 mL／min)：靠一3．24 min，m止433

{[M+H]+，[APcI(+)]}，431{[M—H]，

[APcI(一)])；1H NMR(300 MHz，cDcl。)d：

6．37(1H，d，，一9。9 Hz，H一9)，6。23(1H，d，

J一7．5 Hz，H 3’)，6．18(1H，d，L，一3．O Hz，H一

13a)，5．45(1H，d，L，一3．O Hz，H 13b)，5．26

(1H，dd，J一9．9，6．8Hz，H一8)．4．10(1H，dd，

J一10．9，6．8 Hz，H 7)，3．96(1H，d，．，一10．9

Hz，H一6)，3．56(1H，s，H 3)，2．21(3H，s，H一

14)，2．07(3H，s，OAc一8)，2．02(3H，s，Me一3’)，

1．88(3H，s，Me 2’)，1．80(3H，s，H一15)．The

data of I and I a were consistent with the those

of 3d epoxypum订mm and 8 acetyl一3Ⅱ一epoxypumi—

lin[“，resDectlvelv．

C。mpound Ⅱ： Colorless crystal (acetone)，

IR u黧cm：3 448．5，2 903．1，1 772．5，l 710．7，

1 678．O， 1 635．5， l 61 6．2， 1 377．1， l 271．0，

l 230．5，1 157．2，1 045．3，977．8； HPLC—MS

L70％MeoH／H20，0．3 mL／min)：妇一4．29 min，

州止375{[M+H]+，[APcI(+)])，373{[M+

H]，[APcI(一)]}；1H—NMR(300 MHz，

CDCl。)占：6．22(4H，m，H一3，13a，13b，37)，

6．06(1H，d，t，一7．1 Hz，H一9)，3．90(3H，m，H

6，7，8)，2．31(3H，s，Me 4)，2．27(3H，s，Me一

10)，2．03(3H，s，Me一3 7)，2．00(3H，s，Me一2’)I

1H—NMR(300 MHz，py“dine d5)占：6．96(1H，d，

J一9．6 Hz，H 9)，6．59(1H，dd，。，一3．3，1．5

Hz，H 13b)，6，44(1H，dd，t，一3．3，1．5 Hz，H一

13a)，6．31(1H，d，，=1．2Hz，H一3)，5．94(1H，

qq，t，一7．2，1．2 Hz，H一3’)，4．50(】H，dd，．，一

10．0，3．O Hz，H一7)，4．22(1H，m，H一8)，4．10

(1H，d，J一10．0 Hz，H一6)，2．60(3H，s，H一14)，

2．39(3H，s，H—l5)，2．00(3H，q，．，=7．2 Hz，

Me 3’)，1．97(3H，brs，Me 2。)．

The procedure of preparatlon of 8一acetyl—

pumilin(Ⅱa)was simllar to that of I a；pumilin

(1．6mg)was usedto yieldⅡa(0．7mg)．HPLC

MS(70％MeOH／H20，0．3 mL／min)：妇一6．47

min，m止41 7{[M+H]+，[APcI(+。)])；

1H—NMR(300 MHz，CDCl。)占：6．28(1H，d，。，一

1．5 Hz，H一3)，6．25(1H。d，J=3．O Hz，H—13a)，

6．22(1H，d，J一5．6 Hz，H 3’)，6．03(1H，d，

，一13．5Hz，H一9)，5，51(1H，d，J一3．OHz，H一

13b)，5．27(1H，dd，，一13．5，3．6 Hz，H一8)，

4．03(1H，dd，．，一10．8，3．6 Hz，H 7)，4．09

(1H，d，J—10．8 Hz，H一6)，2．31(3H，s，H—14)，

2．26(3H，s，H 15)，2．07(3H，s，oAc一8)，2．02

(3H，d。J一5．6 Hz，Me一3’)，1．89(3H，s，Me

2’)．The data of I andⅡa were consistent wlth

those of pumilin[1]and 8一acetyl pumilin[“，respec—

tively．

4 Bioassay

Assay for cytotoxicity against NCI H 460 fhu—

man lun异cancer)，MCF一7(human breast cancer)，

and SF一268(hLlman central nerve system cancer)

was performed f。1lowing th8 general process．

Fractions and pure compounds I and Ⅱ were as—

sayed with compounds ln DMSo and run 89ainst

tax01 as Dositive contr01．Cancer cen lines were in—
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cubated in 96一well plates for 72 h before addition of

MTT．Well absorbanees(^490 am)were correct—

ed for background and expressed as percentage of

the negative control(DMSO only)．

5 Results

Bioassay of the MEK extract from B．“atra

exhibited significant activity against three human

cancer celI lines：MCI—H460，MCF 7，and SF一

268，Meanwhile．the hexane extract before MEK

extraction and the Me0H extract after MEK ex—

traction from the same plant material showed no

activity against the above three cell lines in 100 pg／

mL concentration．Bioactivity—directed fraetiona—

tion of the MEK extract from B．“atra 1ed to the

isolation of the known guaianolide—-type sesquiter—·

pene lactones 3n—epoxypumilin(I)and pumilin

(Ⅱ)as major bioactive constituents responsible for

Table 1 Bioactive data of口．1yatra extracts，partitioned

portions，and fractions from chromatography

against
three human cancer cell lines

a，b，and C：samples werc assayed in dilferent time

Table 2 IC∞Values of compounds I and I against

three human cell lines
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