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Abstract

Investigating bioactive components from marigold (7agetes erecta L.) can
provide worthy information for drug development. A rapid and efficient method is
needed to obtain available anticancer compounds from the ethanol extract of this plant.
Therefore, an offline two-dimensional preparative high performance liquid
chromatography method guided by a real time cell analysis system was applied on
this study. Syringic acid (1), quercetin (2), 6-hydroxykaempferol (3), protocatechuic
acid (4) and quercetagetin (5) with high purities of over 95 % were prepared by this
method, while 6-hydroxykaempferol was firstly found in Tagetes erecta L..

Compounds 2, 3 and 5 all were flavonoids. The compounds were evaluated for their
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tumor cell growth inhibitory activities on HEPG2 and A549 cells by a real-time
cell-analyzer. There were four compounds able to inhibit proliferation of human
cancer cells at a concentration of 50 ug/mL. Compounds 2 and 3 showed significant
anticancer activity against A549 and HEPG2 cells. Compounds 4 and 5 were effective
against A549 cells. The present study demonstrates that this bioassay-guided offline
two-dimensional preparative high performance liquid chromatography method is very
conducive to isolating plants rich in flavonoids and leading to the discovery of more

worthy natural anticancer compounds.

1. Introduction

Marigold (7agetes erecta L.), one of the most well known species in Tagetes L., is
used as an ornamental and medicinal plant for the most part.' It is originally
distributed in Mexico and now cultured widely in China. The predominant use of
marigold flowers is to extract lutein.” At the same time, the residues of industrial
lutein production are not effectively utilized and directly discarded in general. Besides
the principal component, characteristical secondary products in the marigold, such as
flavonoids, triterpenoids, phenolic derivatives, thiophene derivatives, can be applied
in the field of agriculture and possess anti-oxidant, anti-inflammatory and other
activity.” Flavonoids, as a hot spot in the area of development and utilization of
natural drugs due to low toxicity and broad-spectrum pharmacological activities, have
been discovered more than 5000 structures separated from different plants. In search
for anticancer drugs compelling data from laboratories, epidemiologic investigations,
and human clinical trials showed that flavonoids have important effects on cancer
chemoprevention and chemotherapy so far.* What’s more, flavonoids’ molecular
mechanisms against cancer had been reported.” Numerous investigations have
demonstrated that extracts of Tagetes erecta L. have anticancer activity, and most
studies have mainly focused on lutein.’ Recently more and more researches have
found that the ethanol extract of Tagetes erecta L.is rich in flavonoids.” However, the
anticancer activity of the ethanol extract of Tagetes erecta L. flowers got rid of the

lutein part is rarely researched.
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In the present article, marigold ethanol extract was separated by an offline
two-dimensional  preparative  high  performance liquid chromatography
(2D-prep-HPLC) method based on screening for anticancer activity of constituents.®
Cellular anticancer activity assay was carried out by iCELLigence real time cell
analysis (RTCA) system.”'™!" Compared with traditional cytological tests such as
MTT/WST methods, immunofluorescence detection, mass spectrometry, flow
cytometry and so forth, RTCA is non-invasive, real-time dynamic detection system.
And it can save working time, lower working load and recover samples.

Preparative HPLC captures growing attention, since it has high performance
separation, online monitoring and automatic control.'* And it accomplishes the task of
the efficient preparation. However, considering the complex chemical composition of
natural medicine extract, it is impossible to get high purity compounds by one
dimensional preparation due to the limited resolution and peak capacity."

A major application of 2D-HPLC is to separate peaks that co-eluted in the
conventional HPLC environment."* 2D-HPLC can not only increase the number of
separated compounds, but also separate a group of various samples based on
molecular structure. The samples in a group may be eluted with different mobile
phases selectively and differences in the location of the two-dimensional retention
space. Suitability of HPLC separation system can be characterized by theoretical peak
capacity (nc), which determines the maximum number of peaks that can be
accommodated side by side in the chormatogram at desirable resolution. However, the
theoretical peak capacity can even be difficult to approximate. In the situation of
2D-HPLC, peak capacity (n.2p) notably increases and should be accurately equal to
the product of three factors: the respective peak capacity of two columns (n.j, ne;) and
the fraction of the separation space which is occupied by the 2D separation, fcoverage,
and taking the degree of separation coverage into account , in accordance with Eq.

(1),15,16

nc,ZD = 1’lo:l 'n02 'f::overage (1)
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Hydrophilic interaction liquid chromatography (HILIC), the special type in the
range of normal phase liquid chromatography (NPLC), is essentially non-aqueous
stationary phase with conventional normal phase (NP) or reversed phase (RP) mobile
phases.'”” HILIC coupled with RP chromatography had been verified to be
extraordinarily useful in the separation of Stevia Rebaudiana Bertoni extracts.'

In addition, two-dimensional HPLC can be performed either off-line or on-line.
In this work, off-line 2D-LC analysis of natural medicine plants is seemingly
time-consuming method, but it provides valuable information for the separation of
active compounds in one-dimensional HPLC or even multi-dimensional HPLC
analysis. Moreover, considering that the off-line mode has no restrictions on the
screening of the bioactive components using RTCA, so the bioactive fractions eluted
from the first dimension could be prepared and analyzed with enough time. Therefore,
the off-line mode was selected to maximize resolving power of two dimensions.

In this study, an oftline 2D-NPLC/HILIC system was carried out for isolation and
purification of marigold residues, while the highlight was the separation bonded with
bioactivity evaluation. Hence, the aim of this work was to find out anticancer

compounds and verify the feasibility of this strategy.

2. Results and discussion

2.1 Establishment of bioassay-guided off-line 2D chromatography system

The steps of bioassay-guided isolation system includes separation, fractionation, and
purification. Every step is systematically directed by a bioassay result. For this reason,
rapid, reliable and relatively simple biological detection is indispensable. For
anticancer assay, RTCA, which enables rapid measurement of the dynamic biological
response of living cells to the presence of compounds having cell growth-inhibiting or
promoting properties, meets these demands. The data with high reproducibility can be
achieved by RTCA and are real-time, rather than one of a final state. Samples are
unmarked and able to apply to other activity assay and structure identification. This
point has a crucial significance to medicinal material separation on account of low
yield of compounds. Results are obtained as Cell Index (CI), which represents cell

4
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status based on electrical impedance. The larger the number of healthy cells attaches
to the sensor surface, the higher the CI value. If compound cytotoxicity results in cell
death, morphological change that affects the contact area between the cell and the
surface leads to a CI decrease.'”

In consideration of the ethanol extract of marigold flowers was slightly soluble in
water, non-aqueous solvent and non-aqueous columns seemed to be the better option
for the preparative separation. The comparison and selection of different columns
were crucial to the construction of an offline 2D-HPLC preparation separation method.
Three columns were tested for the second dimensional separation. Eventually, a
traditional normal phase column and a HILIC column used in non-aqueous mobile
phase were selected for this work. Since two columns have different stationary phase,
it was possible for silica and diol column to form an orthogonal separation system.

To achieve the goal of better separation, selection of mobile phases is also
important. NP columns use a stationary phase that is more polar than the mobile phase.
In a traditional NPLC, mobile phases consist of a very non-polar solvent and small
amounts of polar organic solvents."” At present, several polar solvents mixed with a
non-polar solvent (n-hexane) were investigated. When UV detection was used, the
choice of mobile phase was limited. Due to interference of solvent absorption in the
UV region, the combinations n-hexane/acetone and n-hexane/ethyl acetate did not
provide good baseline separation. However, a mixture of n-hexane and ethanol as
binary mobile phases for NPLC had such advantages as wide polarity range by
changing the ratio of the two solvents and relatively low environmental toxicity.

Above all, this strategy offered the possibility of finding active compounds and
saving separation time. It contributed to discovering quickly targeted fractions and

more useful nature chemicals.

2.2 First-dimensional preparation

Fig.1 illustrates the first-dimensional HPLC chromatograms of the concentrated
marigold flower ethanol extract on the innoval silica columns. Total preparation
procedure took 45 min, which consisted of 10 min for column balance, 10 min for

5
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column washing, and 25 min for preparation. The sample had been got rid of luetin
and became simple, so its chromatographic peaks could distribute intensively. A
gradient elution combined with isocratic elution was chosen for the first dimensional
preparation. In analytical HPLC, the flow rate was 1 mL/min and the sample loading
was 4.19 ug. When analytical HPLC was scaled up to preparative scale, the sample
loading was increased to 4.19 mg. Meanwhile, the flow rate of preparation (up) was in
proportion to the square of diameter according to Eq. (2). The diameter of preparation
was I, and one of analysis was r,, So u, w as 100 mL/min.

upzua'(rp/ra)2 (2)
Good separation performance was obtained in analytical HPLC (Fig. 1a). When using
the same mobile phases in the same proportion as in preparative HPLC, resolution and
peak capacity decreased obviously. But the sample loading and productivity were
increased as a result of reduced cost, and it was more important for preparation. In a
word, elution method including 0-10 min for 1 % B, 10-18 min for 1-19 % B, 19-35
min for 19 % B and 35-45 min for 100 % B was used for the preparation. Preparation
of the total 41.85 g crude sample was injected 100 times in about 75 h. The fractions
were collected according to the UV absorption intensity to reduce the complexity of
each fraction as much as possible. As shown in Fig.1, nine fractions were collected in

the first-dimensional separation.

2.3 Optimization of the second-dimensional separation of active fractions

For the second-dimensional separation, the analytes should have better retention than
the first one. Three columns consisting of X-Amide (4.6 mm x 250 mm i.d., 10 pum,
100 A, ACCHROM), YMC-Pack Diol-NP (4.6 mm x 250 mm i.d., 5 um, 120 A,
YMC) and YMC-Pack CN (4.6 mm x 250 mm i.d., 5 pm, 120 A, YMC) were chosen
to reanalyze active fractions. Fr. 7 and Fr. 8 expressed significantly higher anticancer
activity than other first-dimensional fractions in Fig. 2, so the second-dimensional

separation was therefore focused on Fr. 7 and Fr. 8. Two fractions eluted in last 10
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min retained well in NP mode, which suggested that they contained compounds with
relatively higher polarity than other fractions.

Fig. 3 and Fig. 4 describe that the elution order, the retention time, the shape and
the resolution of the peaks in these three columns are quite different from those in the
silica column used for the first-dimensional separation, which indicates that one of
three columns is a candidate for constructing an orthogonal two-dimensional
separation system. Fig. 3a and Fig. 3¢ manifest that the amide column and the CN
column both have certain retention for Fr. 7, but it is impossible to obtain
well-pleasing resolution in the two columns by reason of their close retention times,
and the second peak is covered by the first one. Compared with the two columns, the
diol column proved to have better selectivity and longer retention time in this study in
Fig. 3b. Fr. 7 was expectably separated with higher resolution and both Fr. 7-2 and
Fr.7-3 could be clearly recognized on this column. Above all, this preparation
procedure was able to be scaled and applied to second dimension. Silica and diol
columns were seasonably orthogonal as expected. Different HILIC columns bonded
with a bare silica column showed different separation properties. Good orthogonality
was significant in achieving efficient preparation of compounds with high purity. For
samples with different unknown components, the most suitable columns combination
was applied by comparison. Hence, an offline 2D-NPLC/HILIC system was
established, in which the silica column was employed in first dimension while the diol
column was used in second dimension respectively. It not only improved the
separation efficiency but also made a remarkable contribution to the purity of the
compounds collected.

In a similar way, Fr. 8 was analyzed. As described in Fig. 4, the diol column still
had the satisfactory resolution for the separation of Fr. 8, while the separation ability
of other columns paled in comparison with the diol column. Even if the peak shape of
Fig. 4a was perfect and these were recognizable as single peaks, the amide column
could not be adopted due to too short and centralized retention time. The CN column
was worse than the amide one. As a matter of fact, the polarity of the stationary phase
of the diol column used in the situation of non-aqueous mobile phase was higher than

7
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amide and CN columns. By the analytical work, we could confirm that the diol

column was the optimal one for the separation of marigold fractions.

2.4 Preparation of active compounds

The 2D-NPLC/HILIC system was further applied to isolate and purify marigold
ethanol extraction at preparative scale. On basis of the result of optimization, the
YMC-Pack Diol-NP (10 mm x 250 mm i.d., 5 pm, 120 A, YMC) was effectively
carried on the second-dimensional preparative separation. It was discovered that
isocratic elution conditions were adequate for the separation of Fr. 7 and Fr. 8, and
isocratic elution method would avoid extra time required for coordinating in gradient
elution. 28 % of the mobile solvent B made sure that the retention time of the peaks is
between 5 and 30 min. The preparative chromatogram of Fr. 7 in Fig. 3d was nearly
consistent with the analytical chromatogram in Fig. 3b. The situation of Fr.8 was just
the same as above. It proved to demonstrate the feasibility of the transformation from
an analytical scale to a preparative one. Good separation resulted in three major peaks
labeled Fr. 7-1, Fr. 7-2 and Fr.7-3, eluting at 10, 14 and 16 min (Fig. 3d). At the same
time, there were two major fractions labeled from Fr. 8-1 to Fr. 8-2, eluting at 10 and
23 min respectively (Fig. 4d). After isolating Fr. 7 and 8, five compounds with high
purity were gained. It was noteworthy that heart-cutting was used as the repeated
separation strategy to insure the purity of compounds. The cross in each fraction had
been minimized because of the good separation repeatability.

Benefiting from good orthogonality and optimized collection operation,
compounds 1 (Fr. 7-1, 7.9 mg), 2 (Fr. 7-2, 30.7 mg), 3 (Fr. 7-3, 25.8 mg), 4 (Fr. 8-3,
19.7mg) and 5 (Fr. 8-5, 83.1 mg) were yielded in preparation. All in all, these
compounds had enough amounts to be characterized by NMR spectroscopy. The
purity of these compounds tested by HPLC was manifested in Fig. 5 and the purity of
all compounds was above 95 %. These compounds, whose structures were showed in
Fig. 6, were identified as syringic acid (1), quercetin (2), 6-hydroxykaempferol (3),

protocatechuic acid (4) and quercetagetin (5) by comparison with the
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reference.’*'****?* The NMR data are supplied in the Supplementary Material.
What’s more, 6-hydroxykaempferol was firstly found in Tagetes erecta L.

Compounds 2, 3 and 5 all were flavonoids and this 2D system provided
complementary selectivity for flavonoids. So this simple method in the present study
was extremely useful for preparative separation of plants rich in flavonoids and could

lead to the discovery of more useful natural active compounds.

2.5 Detection of Cellular anticancer activity

An important future of RTCA is dynamic monitoring. Fig. 2 shows dynamic responses
to different sample groups. As shown in the result, the CI values of every group had
various changes after adding fractions. In Fig. 2a, the CI value of the blank control
group(DMSO) had a continuous increase and the finial CI was about 8.0. At the same
time, the values of other groups in Fig. 2a rose to about 6.0 too. So, Fr.1 to Fr. 5 had
no inhibitory effect on the growth of A549 cells. And Fr.1 to Fr. 5 were also
ineffective against the growth of HEPG2 cells in Fig. 2d. Nevertheless, the situation
of Fig. 2b and e was different from the one of above pictures. In Fig 2b, the CI of Fr.
7 increased to 3.0 in the first 20 hours and entered a stationary phase (CI 2.8 to 3.0) in
the following 28 hours. Its finial value was well below one of the blank control group
and the trend lines were not similar. And the CI of Fr. 8 increased to 0.5 in the first 2
hours and entered a stationary phase (CI 0.5 to 1.0) in the following 46 hours. In a
word, Fr.7 and Fr. 8 had better inhibitory effect on the growth of A549 cells. In a
similar way, we could find that Fr. 7 and 8 were effective against the growth of
HEPG?2 cells compared with the blank control group of DMSO and other fractions. In
Fig. 2e, Fr. 9 could inhibit the growth of HEPG2 cells, but it was not researched on
this study because of its complex constituents and low yield. After
second-dimensional preparation of Fr. 7 and Fr. 8, five fractions we obtained were
single compounds with high purities. In Fig. 2¢ and f, Fr. 7-2 and 7-3 had preferable
anticancer activities, and Fr. 8-1 and 8-2 had good inhibitory effect on the growth of
A549 cells. It was a simple method that used to preliminary screening of anticancer
active fractions and guided our separation. As described above, quercetin (Fr. 7-2) and

9
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6-hydroxykaempferol (Fr. 7-3) seemed to be capable of inhibiting proliferation of
human lung cancer and liver cancer at a concentration of 50 pg/mL. At the same time,
protocatechuic acid (Fr. 8-1) and quercetagetin (Fr. 8-2) were effective against A549

cells.

3. Experimental

3.1 Apparatus

The preparative HPLC system used in this study was the Agela CHEETAH HP 100
system, which consisted of two high pressure solvent delivery pumps, an UV detector,
a manual injection valve, a column and a chromatography workstation (CHEETAH
HP 100; Bonna-Agela Technologies Inc., Tianjin, China). Chromatographic analysis
was carried on a Hitachi HPLC system including a Hitachi L2400 UV detector, a
Hitachi L2130 pump, a Hitachi L2200 autosampler and Hitachi Lachrom Elite HPLC
software (Hitachi, Japan).

'H-NMR and "C-NMR spectrum were recorded on a Bruker 600 NMR
spectrometer with CD;0D as solvent, and chemical shifts were given as d-values with
reference to TMS as internal standard.

The iCELLigence RTCA system was composed of three main components: an
iCELLigence RTCA analyzer, and RTCA control unit (iPad with integrated software),
and a disposable E-Plate L8 (ACEA Biosciences, USA).

3.2 Reagents

Ethanol and n-hexane of analytical grade and chromatographic grade were purchased
from Concord Technology Co. Ltd (Tianjin, China). Human non-small cell lung
cancer (A549) cell lines and human liver carcinoma (HEPG2) cell lines were obtained
from American Type Culture Collection (USA), cultured in our own laboratory
(Tianjin, China). Dimethyl sulfoxide (DMSO) was obtained from Sino-American
Biotechnology Company of Beijing (Beijing, China). Minimum essential medium
(MEM) and Kaighn’s modified medium (F-12K) were obtained from Life
Technologies (USA).

10
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3.3 Preparation of marigold ethanol extract

The powder of marigold (Tagetes erecta L.) flower, which had been handled to extract
the part of the lutein completely, was offered by Chenguang Biotech Group (Handan,
Hebei province, China) and authenticated by Professor Lijun Zhou, School of
Pharmaceutical Science and Technology, Tianjin University.

The dried powder of marigold flower (1 kg) was extracted respectively with 5 L
of 95 % ethanol at 600) for 120 min three times. The ethanol extract of marigold
flower was filtered with 0.45 um membranes by vacuum filter. Then the filtrate was
collected and concentrated by a rotary evaporation at 60[1 under vacuum. The
concentrated ethanol extract was dissolved in a 6: 4 v/v mixture of n-hexane and
ethanol and placed at room temperature over night in dark. After 24 hours’ standing,
the solution with a concentration of 83.70 mg/mL and filtered through 0.22 pm

membranes by vacuum filter again.

3.4 First-dimensional chromatographic conditions

Innoval silica columns (4.6 mmx 250 mm i.d., 5 um, 100 A, Agela; 50 mmx 250 mm
i.d., 10 um, 100 A, Agela) were adopted in the first-dimensional preparation at the
temperature of 300]. The mobile phase A was n-hexane and B was ethanol. The
mobile phase gradient program was from 1 % to 19 % B in 8 min and keeping 19 % B
in 17 min at the flow rate of 100 mL/min. The detection wavelength was set at 210
nm. In analytical HPLC, the flow rate was 1 mL/min and the injection sample volume
was 50 pL. In preparative HPLC, the flow rate was 100 mL/min and the injection
sample volume was 5 mL. The fractions collected from the first-dimensional

separation were concentrated and stored.

3.5 Cellular anti-cancer activity assay

Cellular anti-caner activity assay, using the iCELLigencec RTCA system, was
evaluated against A549 cells and HEPG2 cells. In the experiment of A549 cells, 150
pL MEM medium was added to every well of E-plates 8, which was immediately

11
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connected to the iCELLigence RTCA system and checked in the cell culture incubator
for proper electrical-contacts. And the background impendance was measured during
2 min. The plates were incubated for 30 min to obtain a stable noise signal. Nine
fractions from the first-dimensional separation were dissolved in DMSO and diluted
with MEM medium, and then 2 x 10* of A549 cells were cultured in each well.
DMSO of the same volume was added in a well as a blank control group and the
solution of fractions were added into wells respectively. At last, the plates were placed
in the environment of 37(1 and 5 % carbon dioxide for 48 h and a cell index (CI) was
recorded. The final concentration of samples in wells was 50 pg/mL. For the
experiment of HEPG2 cells, some differences from one of A549 cells were as the
follows: On the one hand, the medium was F-12K medium. And the other hand, there

were 4 x 10* cells in every well.

3.6 Second-dimensional chromatographic conditions
Taking into consideration of the results of bioassay, Fr. 7 and Fr. 8 were analyzed by a
Hitachi HPLC system. Three different analytical columns were applied. The mobile
phases used for all systems were n-hexane (A) and ethanol (B). The column
temperature was 3001 and the UV detector was 210 nm. Isocratic elution procedure
for Fr. 7 was 27 % B for 20 min, Fr. 8 was 27 % B for 30 min with 50 pL of the
injection volume at a flow rate of 1 mL/min. The diol stationary phase was the
optimal choice, and the semi-preparative diol column (10 mm x 250 mm i.d., 5 pum,
120 A, YMC) was applied with 250 pL of the injection volume at a flow rate of 4
mL/min.

The purity analysis of compounds obtained in this 2D separation system was
performed on YMC-Pack Diol-NP (4.6 mm x 250 mm i.d., 5 um, 120 A, YMC) : 0-30
min, A/B, 75:25. The flow rate was 1 mL/min.

4. Conclusion
An efficient and bioassay-guided method for separation and purification of anticancer
compounds from marigold flowers was established. On the basis of this novel method,

12
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three kinds of anticancer flavonoids, syringic acid and protocatechuic acid were
obtained from the ethanol extract of marigold flowers. Two dimensions provided
complementary selectivity for flavonoids, which were the most abundant and
biologically active compounds in marigold. So this simple method in the present
study was extremely useful for preparative separation of plants rich in flavonoids and

could lead to the discovery of more useful natural active compounds.

Acknowledgements

This study was supported by National High Technology Research and Development
Program 863 (2011AA100603). The authors gratefully acknowledge Tianjin
University and Tianjin International Joint Academy of Biomedicine for experimental
support. The authors are grateful to Professor Yaozhou Zhang (School of
Pharmaceutical Science and Technology, Tianjin University, Tianjin, China) for
support and review of the manuscript; Professor Lijun Zhou (School of
Pharmaceutical Science and Technology, Tianjin University, Tianjin, China) for
medicinal materials authentication; and Tianjin International Joint Academy of

Biomedicine and Tianjin University for experimental support.

References

1 X.G. Wang, H.H. Xu, and S.H. Zhao, J. Xi * an United Univ., 2002, 24, 5-10.

2 R. Kumar, W.L. Yu, C.L. Jiang, C.L. Shi and Y.P. Zhao, J. Food Process Eng., 2010,
33, 1065-1078.

3 L.W. Xu, J. Chen, HY. Qi and Y.P. Shi, Chinese Herbal Medicines, 2012, 04,
103-117.

4 C. Kanadaswami, L.T. Lee, P.P. Lee, J.J. Hwang, F.C. Ke, Y.T. Huang and M.T. Lee,
In Vivo, 2005, 19, 895-910.

5 M.K. Chahar, N. Sharma, M.P. Dobhal and Y.C. Joshi, Pharmacogn. Rev., 2011, 5,
1-12.

6 J.M. Serpeloni, D. Grotto, A.Z. Mercadante, M.L.P. Bianchi and L.M.G. Antunes,
Arch Toxicol, 2010, 84, 811-822.

13



©CoO~NOUTA,WNPE

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

Analytical Methods

7 Y. Gong, X. Liu, WH. He, H.G. Xu, F. Yuan and Y.X. Gao, Fiftoterapia, 2012, 83,
481-489.

8 X.Q. Zhang, L. Jiang, L. Ma, L.J. Mei and Y.Z. Zhang, Anal. Methods, 2015, 7,
4295-4301.

9 S.S. Yang, J.C. Sun, H. Lu, H. Ma and Y.Z. Zhang, Anal. Methods, 2015, 7,
9568-9576.

10 J.Z. Xing, L. Zhu, J.A. Jackson, S. Gabos, X.J. Sun, X.B. Wang and X. Xu, Chem.
Res. Toxicol., 2005, 18, 154-161.

11 J.Z. Xing, X. Yang, J. Chen, B. Huang and W. Roa, Life Sci. Syst. Appl. Workshop,
2011, 20-23.

12 N. Basar, A.D. Talukdar, L. Nahar, A. Stafford, H. Kushiev, A. Kan and S.D.
Sarker, Phytochem. Anal., 2014, 25, 399-404.

13 J.P. Carini, S. Kaiser, G.G. Ortega and V.L. Bassani, Phytochem. Anal., 2013, 24,
193-200.

14 J.N. Fairchild, K. Horvath and G. Guiochon, J. Chromatogr. A, 2009, 1216,
1363-1371.

15 J.C. Giddings, J. Chromatogr. A, 1995, 703, 3-15.

16 M. Gilar, J. Fridrich, M.R. Schure and A. Jaworski, Anal. Chem., 2012, 84,
8722-8732.

17 A.J. Alpert, J. Chromatogr. A, 1990, 499, 177-96.

18 Q. Fu, Z.M. Guo, X.L. Zhang, Y.F. Liu and X.M. Liang, J. Sep. Sci., 2012, 35,
1821-1827.

19 L.R. Snyder and H. Poppe, J. Chromatogr. A, 1980, 184, 363-413.

20 S. Huang, X.L. Zhou, H.Y. Wang and GW. Zhang, Nat. Prod. Res. Dev., 2006, 18,
57-59.

21 C.C. Shen, Y.S. Chang and L.K. Hott, Phytochemistry, 1993, 34, 843-84.

22 M. Hattori, X.L. Huang, Q.M.Che, Y. Kawata , Y. Tezuka, T. Kikuchi and T.
Namba, Phytochemistry, 1992, 31, 4001-4004.

23 S.J. Wang and Y.H. Pei, Shenyang Pham. Univ., 2000, 17, 256-257.

14

Page 14 of 23



Page 15 of 23

©CoO~NOUTA,WNPE

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

Analytical Methods

24 T. Horie, T. Kobayashi, Y. Kawamura, I. Yoshida, H. Tominaga and K. Yamashita,
Bull. Chem. Soc. Jpn.,1995, 68, 2033-2041.

Figure Legends

Figure 1. a First-dimensional analytical chromatogram for the ethanol extract on an
innoval silica column (4.6 mmx 250 mm i.d., 5 um, 100 A, Agela). Inj. V: 50 uL;
flow rate: 1 mL/min; UV: 210 nm. b First-dimensional preparative chromatogram for
the ethanol extract on an innoval silica column (50 mmx 250 mm i.d., 10 um, 100 A,
Agela). Conditions: Inj. V: 5 mL; flow rate: 100 mL/min; UV: 210 nm. Mobile phase:
(A) n-hexane, (B) ethanol; elution program: 0-8 min for 1-19 % B, 9-25 min for
19 %B.

Figure 2. a HPLC analysis of Fr. 7 on X-Amide (4.6 mm X 250 mm i.d., 10 pm, 100
A, ACCHROM). b HPLC analysis of Fr. 7 on YMC-Pack Diol-NP (4.6 mm x 250
mm i.d., 5 um, 120 A, YMC). ¢ HPLC analysis of Fr. 7 on YMC-Pack CN (4.6 mm x
250 mm i.d., 5 pm, 120 A, YMC). Conditions: Inj. V: 50 pL; flow rate: 1 mL/min;
UV: 210 nm. Mobile phase: (A) n-hexane, (B) ethanol; elution program: 0-20 min for
27 % B. d Second-dimensional preparative chromatogram for Fr. 7 on an
semi-preparative diol column (10 mm x 250 mm id., 5 pm, 120 A, YMC).
Conditions: Inj. V: 250 uL; flow rate: 4 mL/min; UV: 210 nm. Mobile phase: (A)

n-hexane, (B) ethanol; elution program: 0-20 min for 27 % B.

Figure 3. a HPLC analysis of Fr. 8 on X-Amide (4.6 mm %X 250 mm i.d., 10 pm, 100
A, ACCHROM). b HPLC analysis of Fr. 8 on YMC-Pack Diol-NP (4.6 mm x 250
mm i.d., 5 um, 120 A, YMC). ¢ HPLC analysis of Fr. 8 on YMC-Pack CN (4.6 mm x
250 mm i.d., 5 um, 120 A, YMC). Conditions: Inj. V: 50 uL; flow rate: 1 mL/min;
UV: 210 nm. Mobile phase: (A) n-hexane, (B) ethanol; elution program: 0-20 min for
27 % B. d Second-dimensional preparative chromatogram for Fr. 8 on an
semi-preparative diol column (10 mm x 250 mm id., 5 pm, 120 A, YMC).
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Conditions: Inj. V: 250 pL; flow rate: 4 mL/min; UV: 210 nm. Mobile phase: (A)

n-hexane, (B) ethanol; elution program: 0-20 min for 27 % B.

Figure 4. Purity evaluation of prepared compounds on YMC-Pack Diol-NP (4.6 mm x
250 mm i.d., 5 pm, 120 A, YMC). Conditions: Inj. V: 20 pL; flow rate: 1 mL/min;
UV: 210 nm. Mobile phase: (A) n-hexane, (B) ethanol; elution program: 0-30 min for
25 % B.

Figure 5. Structures of the purified compounds.

Figure 6. Effect of fractions on the viability of A549 and HEPG2 cells, determined by
use of the iCELLigence RTCA system. A549 cells at a density of 20,000 cells/well in
E-Plate L8 were observed for 48 h. HEPG2 cells at a density of 40,000 cells/well in
E-Plate L8 were observed for 48 h. a Anti-lung cancer effect of Fr. 1 to Fr. 5. b
Anti-lung cancer effect of Fr. 6 to Fr. 9. ¢ Anti-lung cancer effect of Fr. 7-1 to 7-3, 8-1,
8-2. d Anti-liver cancer effect of Fr. 1 to Fr. 5. e Anti-liver cancer effect of Fr. 6 to Fr.

9. f Anti-liver cancer effect of Fr. 7-1 to 7-3, 8-1, 8-2.
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