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ABSTRACT

Amorpha fruticosa L. is a Chinese folk medicine and rich in polyphenols. Fifteen known
compounds were isolated and identified from the leaves of A. fruticosa L. They are teph-
rosin (1), 6a,12a-dehydrodeguelin (2), vitexin (3), afrormosin-7-0-B-p-glucopyranoside (4),
2"-0-a-L-rhamnopyranosyl isovitexin (5), rutin (6), chrysoeriol (7), 7-O-methylluteolin (8),
trans-p-coumaric acid (9), 2-benzyl-4,6-dihydroxybenzoic acid-4-O-B-p-glucopyranoside
(10), formononetin (11), quercetin (12), apigenin (13), B-sitosterol (14), and B-daucosterol
(15). Compounds 3, 4, 5, and 7—9 were isolated from A. fruticosa L. for the first time.
Cytotoxicity of individual compounds 3—10 and 90% ethanol extract against human cancer
cell lines HCT116 and HepG2 were reported. The results suggested that compounds 7 and 8,
and the crude extract exhibited inhibitory effects on human cancer cell line HCT116, at
concentrations of 100 pg/mL, 5 pg/mL, and 25 ug/mL at <60% of cell viability rate, respec-
tively. In addition, a valid high-performance liquid chromatography diode array detector
method was established to quantitatively analyze compounds 1-12 in the leaves of A.
fruticosa L., which was harvested at three different stages of maturity from May 20 to
August 10, 2014. The results demonstrated that contents were greatly influenced by the
maturity. Total amounts of the analytical constituents gradually increased from May 20 to
August 10, with the values ranging from 10.86 mg/g to 18.84 mg/g, whereas bioactive
compounds 7 and 8 presented the opposite variation trend. The results of this study may
provide data for further study and comprehensive utilization of A. fruticosa L. resource.
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LLC. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Amorpha fruticosa L., a perennial deciduous shrub, belongs to
the Leguminosae family and is native to North America [1]. It
was introduced into China around the 1920s and widely
planted in the Yellow River and Yangtze River basins, and
northeast China for erosion control and afforestation [2]. A.
fruticosa L. has been used as a Chinese folk medicine for the
treatment of burn, ambustion, carbuncle, and eczema [3]. In
recent years, increasing attention has been paid on this nat-
ural resource for its bioactivities.

Phytochemical studies have revealed that A. fruticosa L. is a
polyphenol-rich plant containing bioactive constituents such
as rotenoids [4—6], prenylated flavanones [7—9], isoflavones
[10,11], and stilbenes [12,13]. Rotenoids are the most charac-
teristic and functional constituents in this herbal plant, and
their insecticidal activity has been known as the most
important biological activity [14,15]. However, research has
also demonstrated the antitumor activity [11,16—18] and
bacterial neuraminidase inhibition effect of rotenoids [19,20].
In addition, potent anti-inflammatory, antidiabetic [21-23],
antimicrobial [24], and other biological activities of amor-
frutins have also been explored [25]. However, most phyto-
chemical researches of A. fruticosa L. were focused on its fruits,
roots, and flowers; less attention was devoted to the leaves of
A. fruticosa L. To the best of our knowledge, quantitative
analysis of this resource based on phenolic compounds re-
mains virtually unknown except for one study on three
amorfrutins [26].

In the present paper, we report the isolation and structural
identification of the main compounds in the leaves of A. fru-
ticosa L., as well as the cytotoxicity of some isolated com-
pounds against human cancer cell lines (HepG2 and HCT116).
In addition, the main compounds in A. fruticosa L. leaves of
three different stages of maturity were analyzed by a high-
performance liquid chromatography (HPLC) diode array de-
tector (DAD) method.

2. Materials and methods
2.1. General experimental procedures

Isolation and purification were carried out by column chro-
matography. Agilent 1260 HPLC and thin-layer chromatog-
raphy were used to monitor the separation, and thin-layer
chromatography was performed on precoated silica gel 60
GF254 plates and visualized using UV illumination at 254 nm
and 365 nm or by spraying with a 10% solution of sulfuric acid
and 1% vanillin in ethanol. 'H and *C nuclear magnetic
resonance spectra were recorded on a Bruker Avance 400 MHz
spectrometer (Bruker BioSpin GmbH, Beijing, China) with
tetramethylsilane as the internal standard. Chemical shifts
are expressed in d values. HPLC quantitative analysis was
performed on Agilent 1260 LC Series instrument (Agilent,
Santa Clara, CA, USA) equipped with a G4212B DAD using a
Luna C-18 column (5 pm, 4.6 mm i.d. x 250 mm; Phenomenex,
Inc., Torrance, CA, USA). Flow rate was 1.0 mL/min. The mo-
bile phase was a mixture of 0.2% (v/v) phosphoric acid—water

solution (A) and methanol (B) with a gradient elution as fol-
lows: 0—6 minutes, 0—50% B; 6—13 minutes, 50—57% B; 13—25
minutes, 57—60% B; 25—40 minutes, 60—70% B; 40—50 minutes,
70—100% B; 50—57 minutes, 100% B; 57—60 minutes, 100—0% B.
The injection volume was 10 pL, and the column oven was
maintained at 25°C. DAD detection wavelength was set at
295 nm for all analytes.

2.2. Materials

The leaves of A. fruticosa L. used in this study were collected
from Jiaxian, Shaanxi Province, China. Samples for isolation
were harvested in June 2013. Leaves for quantitative analysis
were collected from the same plants on May 20, June 30, and
August 10, 2014, and samples at each sampling time were
collected from three plants in a wild field. The sample
collected on May 20 was named AL0520, and the remaining
samples were also named the same way. Their botanical ori-
gins were identified by the corresponding author (Naisheng
Bai), and a voucher specimen (AF-2013-01) has been deposited
in Room 612, Department of Pharmaceutical Engineering,
College of Chemical Engineering, Northwest University, Xi'an,
China. Column chromatography was performed over silica gel
(200—300 mesh; Qingdao Marine Chemical Factory, Qingdao,
China), polyamide, MCI GEL CHP-20P, and Sephadex LH-20
(Sigma-Aldrich, St. Louis, MO, USA). Precoated silica gel 60
GF254 plates were supplied by Merck (Darmstadt, Germany).

2.3. Chemicals and reagents

CD50D, CDCls, and DMSO-dg (HPLC grade) were obtained from
Merck (Darmstadt, Germany). HPLC-grade methanol (Merck)
and phosphoric acid (Hengxing Chemical Reagent Co., Ltd,
Tianjin, China) were used for HPLC analysis. CCK-8 was ob-
tained from Qihai Biological Technology Ltd (Shanghai,
China). All other solvents used in this study, such as acetone,
petroleum ether (PE), dichloromethane (CH,Cl,), ethyl acetate
(EtOAC), ethanol, and methanol were of analytical grade and
supplied by Hengxing Chemical Reagent Co., Ltd.

2.4. Cell culture

The human colorectal adenocarcinoma cell line HCT116 and
human hepatoma cell line HepG2 were purchased from Type
Culture Collection of Chinese Academy of Sciences (Shanghali,
China). These cells were maintained in a humidified atmo-
sphere containing 5% CO, at 37°C in Dulbecco's Modified Ea-
gle's Medium (Sigma-Aldrich) supplemented with 10% (v/v)
fetal bovine serum (Sigma-Aldrich).

2.5. Extraction and isolation

Air-dried A. fruticosa L. leaves (10 kg) were crushed into pow-
ders before being extracted twice with 90% ethanol (48 hours
each) to yield 1.29 kg of crude extract. The crude extract was
then successively dissolved in water and partitioned with PE
and EtOAc.

The PE-soluble portion (320 g) was subjected to normal-
phase silica gel open column chromatography (550 g of silica
gel). The sample was eluted with a stepwise gradient of
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PE:EtOAc (100 — 0) to obtain three major fractions (A, B, and
C). Fraction B was rechromatographed on a silica gel column,
and then crystallized by acetone to give compound 14 (14 mg).
Fraction C was further purified by Sephadex LH-20 column to
obtain compound 2 (5 mg) with the elution of 75% methanol,
and compound 1 (4.9 mg) with the elution of 70% methanol.
The fractions were monitored by Agilent 1260 HPLC and thin-
layer chromatography.

The EtOAc-soluble portion (170 g) was separated into five
major fractions (B—F) by a normal-phase silica gel column
(500 g of silica gel) using a stepwise gradient of PE:EtOAc
(100 — 0) as eluent. Fraction C was further purified to yield
compound 11 (42 mg) by a Sephadex LH-20 column eluting with
60% methanol, and compound 7 (26 mg) by an MCI-CHP20P
column eluting with 90% methanol. Fraction D was further
purified to give compound 13 (22 mg) by a normal-phase silica
gel column, compound 12 (16 mg) by a Sephadex LH-20 column
with the elution of 50% methanol, and compound 15 (15 mg) by
an MCI-CHP20P column. Fractions E and F were subjected to
polyamide column chromatography using water—ethanol
mixtures (water:ethanol ratios of 75:1, 50:1, and 25:1) to afford
five subfractions (E; — Es) and (F; — Fs), respectively. Sub-
fraction E; was rechromatographed to give compounds 8
(115 mg), 9 (17 mg), and 10 (19 mg). Subfraction F, was passed
through a D101 column to afford three major fractions (F,_4,
F,_,, and F,_3). Fraction F,_; was separated by a Sephadex LH-
20 column to yield compounds 4 (23 mg) and 5 (16 mg). Fraction
F,_, was successively purified by polyamide and an MCI-
CHP20P column to yield compound 3 (75 mg). Compound 6
(26 mg) was obtained from fraction F,_3 by successively using
polyamide, silica gel, and MCI-CHP20P column. The chemical
structures of compounds 1-12 are shown in Figure 1.

2.6. Cell viability assay

Cells were seeded into a 24-well plate (2 x 10* cells per well)
overnight and then treated with various concentrations (5 pg/

COOH
10

mL, 10 pg/mL, 25 pg/mL, 50 pg/mL, and 100 pg/mlL) of indi-
vidual compounds (3—10) and 90% ethanol extract for 48 hours
at 37°C. After incubation, 10 ul. CCK-8 was added to each well
and incubated for further 3 hours. Results were measured by a
spectrophotometer under 450 nm. Experiments were carried
out in triplicate. Cell viability rate was calculated by the
following formula: cell viability rate = (ODexperiment — ODblank)/
(ODcontrol - ODblank) x 100%.

2.7.  HPLC quantitative analysis

The HPLC method was carried out to quantitatively analyze
compounds 1—-12 isolated from the leaves of A. fruticosa L.

2.7.1. Preparation of sample solution

Prior to HPLC quantitative analysis, extraction conditions
including extraction solvent (100%, 90%, 75%, 50%, and 25%
ethanol and water), numbers (1, 2, 3, and 4 times), and time of
sonication (30 minutes, 60 minutes, 90 minutes, and 120 mi-
nutes) were optimized on the sample AL0630. Under the
optimized conditions, sun-dried samples were pulverized to
homogeneous powders (40 mesh). Powder for each sample
was accurately weighed (2.00 g) and ultrasonically extracted
with 40 mL 90% (v/v) ethanol for 90 minutes. The residue was
extracted once again, and the combined supernatants were
evaporated and redissolved in 90% ethanol (10.0 mL).
Extracting solutions were stored at 4°C and filtered through
0.45 pm membrane filters (Jiang Tian Unity, Tianjin, China)
before HPLC analyses.

2.7.2.  Preparation of standard solution

A mixed standard stock solution containing the reference
compounds 1-12 was prepared in methanol. The working
standard solutions for calibration curves were prepared by
stepwise dilution of the mixed standard stock solution to a
series of proper concentrations. All solutions were stored in a
refrigerator at 4°C until use.

R,
4 OCH; glc
11 H H

R, R, R3 R4 Rs
H H H H glc

H H rha-(+=2)-glc H H

H rha-(1>06)-glc H H H
OCH; H H H H
OH H H CH; H

H OH OH H H H

Figure 1 — Chemical structures of compounds 1—-12 isolated from the leaves of A. fruticosa L.
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2.7.3.  Method validation

To assess the validity of the developed method, linearity, limits
of detection (LODs), limits of quantification (LOQs), precision,
repeatability, stability, and recovery assays were performed on
the sample AL0630. The linearity was assayed using external
calibration curves with atleast six concentration levels for each
analyte, and each level was conducted in triplicate. The evalu-
ation criterion for each regressive curve was a correlation coef-
ficient (R?) greater than 0.999. LODs and LOQs were determined
by diluting the mixed standard solution to the level when the
signal-to-noise ratio was 3 and when it was 10, respectively. The
intra- and interday precisions were determined by analyzing
prepared sample solution six times on a single day and addi-
tionally on 3 consecutive days. Variations were expressed by the
relative standard deviations (RSDs). Repeatability assay was
performed by extracting six samples from one batch, and then
each of the six extracts was analyzed (n = 3, each) and variations
were expressed by RSD. Stability of the solution was assessed by
analyzing one of the abovementioned solutions at 0 hours, 2
hours, 4 hours, 8 hours, 12 hours, and 24 hours. Recovery test
was performed in triplicate by adding known quantities of
standards into a certain amount (2.00 g) of the samples. The
calculation formula was as follows: recovery (%) = (observed
amount — original amount)/(spiked amount) x 100%.

2.7.4. ldentification and quantification

Identification of compounds (1-12) was performed by
comparing their HPLC retention times and UV spectra of target
peaks with those of the standards isolated from the leaves of
A. fruticosa L. In addition, standard substances were spiked in
the sample solutions as a direct comparison. Quantitative
determination was based on the external standard calibration
curves of peak areas versus concentration. Amounts of the
investigated compounds were calculated and expressed as
mg/g of dried leaf weight.

3. Results and discussion
3.1. Extraction and isolation

Air-dried leaves of A. fruticosa L. (10 kg) were extracted twice
with 90% ethanol (48 hours each) by maceration to yield
1.29 kg of crude extract. The crude extract was then dissolved
in water and successively partitioned with PE and EtOAc. The
PE and EtOAc partitions were subjected to fractionation with
an initial separation by a normal-phase silica-gel column
using a stepwise gradient of PE:EtOAc. Subsequent purifica-
tion using a combination of column chromatography of
Sephadex LH-20, MCI-CHP20P, D101, polyamide resin (PA), and
silica gel to yield 15 compounds. Tephrosin (1) [27], 6a,12a-
dehydrodeguelin (2) [28] and B-sitosterol (14) [29] were isolated
from PE-soluble portion, and vitexin (3) [30], afrormosin-7-0O-
B-p-glucopyranoside (4) [31], 2"-O-a-L-rhamnopyranosyl iso-
vitexin (5) [32], rutin (6) [33], chrysoeriol (7) [34], 7-O-methyl-
luteolin (8) [35], trans-p-coumaric acid (9) [36], 2-benzyl-4,6-
dihydroxybenzoic acid-4-0-B-p-glucopyranoside (10) [37], for-
mononetin (11) [38], quercetin (12) [39], apigenin (13) [40], and
B-daucosterol (15) [29] were obtained from EtOAc-soluble
portion. Structures of the 15 known compounds were

characterized by chemical properties and spectroscopic
methods (UV, and "H *3C nuclear magnetic resonance), as well
as by comparing nuclear magnetic resonance data with those
reported in the literatures.

3.2 Cytotoxicity of individual compounds and crude
extract

Anticancer activities of compounds 3—10 and 90% ethanol
crude extract from A. fruticosa L. leaves were evaluated in two
human cancer cell lines: HCT116 and HepG2. As shown in
Figure 2, compounds 7 and 8, and 90% ethanol crude extract
exhibited good inhibitory effect on human colorectal adeno-
carcinoma cell line HCT116, at concentrations of 100 pg/mL,
5 ng/mL, and 25 pg/mL at <60% of cell viability rate, respec-
tively. However, no obvious effect on the inhibitory potency
was observed for the test compounds and crude extract in
human hepatoma cell line HepG2.
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Figure 2 — Effect of compounds 3—-10 and 90% ethanol
crude extract on the viability of (A) HCT116 and (B) HepG2
cells. Cells were treated with 5 pg/mL, 10 pg/mL, 25 pg/mL,
50 pg/mL, or 100 pg/mL concentrations of the indicated
compounds and 90% ethanol crude extract for 48 hours.
Cell viability rate was then determined as described under
the Materials and methods section.
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Table 1 — Calibration curves and LOD and LOQ data of the 12 compounds investigated by the HPLC-DAD method.

Compound Regression equation® R? Linear range (ug/mL) LODP (ug/mL) LOQP (ng/mL)
Tephrosin Y =6.35x—-7.25 0.9993 20.00—200.00 0.20 0.55
6a,12a-Dehydrodeguelin Y =2.21x + 23.01 0.9994 20.00—500.00 0.08 0.35
Vitexin y = 13.51x + 3.99 0.9997 20.00—200.00 0.40 0.90
Afrormosin-7-0-B-p-glucopyranoside y =6.25x + 7.29 0.9995 20.00—200.00 0.15 0.50
2"-0-a-L.-Rhamnopyranosyl isovitexin y = 4.42x — 3.41 0.9996 20.00—500.00 0.35 0.85
Rutin y = 10.30x — 67.98 0.9993 20.00—500.00 0.05 0.22
Chrysoeriol y = 11.45x — 76.74 0.9993 1.00—200.00 0.25 0.60
7-0O-Methylluteolin y = 4.95x + 6.87 0.9996 20.00—500.00 0.10 0.42
trans-p-Coumaric acid y = 5.31x + 39.09 0.9998 1.00—200.00 0.17 0.48
2-Benzyl-4,6-dihydroxybenzoic y =5.59x — 33.77 0.9991 1.00—200.00 0.30 0.75
acid-4-0-B-p-glucopyranoside
Formononetin y = 2.90x + 65.82 0.9998 1.00—200.00 0.13 0.45
Quercetin y = 82.37x + 18.64 0.9996 1.00—200.00 0.03 0.10

DAD = diode array detector; HPLC = high-performance liquid chromatography; LOD = limit of detection; LOQ = limit of quantification.
@ y is the value of peak area, and x is the value of the reference compound's concentration (ug/mL).
Y LOD and LOQ were determined at S/N ratios of about 3 and 10, respectively.

Shaanxi Province, China. Identification was carried out by
comparing their HPLC retention times and UV spectral data
with those of reference standards (Figure 3). Quantification

3.3. HPLC quantitative analysis

3.3.1. Method validation

The quantitative analysis method was validated in terms of
linearity, LOD, LOQ, precision, repeatability, stability, and ac-
curacy. The results (Table 1) demonstrated that all calibration
curves were good for the coefficients of linear regressions over
0.999. The values of LODs and LOQs were in the range of
0.10—0.40 pg/mL and 0.10—0.90 pg/mL, respectively. The results
(Table 2) showed that the RSDs of intra- and interday varia-
tions, repeatability, and stability for the 12 analytes were all
less than 1.98%. The overall recoveries were between 97.28%
and 102.44%, with RSDs less than 1.69% (Table 2). Collectively,
it indicated that the established analytical method was sensi-
tive, precise, accurate, and repeatable for the determination of
the 12 compounds in A. fruticosa L. leaves.

3.3.2. Identification and quantification of the 12 compounds

The established HPLC-DAD method was used for simulta-
neous determination of compounds 1-12 in the leaves of A.
fruticosa L. Samples were collected at three different mature
stages on May 20, June 30, and August 10, 2014 from Jiaxian,

was performed on the basis of an external standard method.
The results of quantitative analysis are presented in Table 3.
From Figure 4, we can clearly see that the total amount of
the 12 analytes presented the increasing trend from May 20 to
August 10, and it was highestin the sample AL0810 with a value
of 18.84 mg/g, whereas it was 10.86 mg/gin the sample AL0520.
Moreover, remarkable differences were also observed in indi-
vidual compounds. For examples, the peak value of tephrosin
(1), a potent antitumor agent [16,41], was registered on August
10, with a value of 1.06 mg/g. The compound 7-O-methyl-
luteolin (8), which exerts a certain capacity against tumor cell
lines HCT116, was highest in the sample AL0520, with a value
of 1.78 mg/g. Despite the differences of individual compounds
observed during the ripening of A. fruticosa L. leaves, the vari-
ation trend of the total amounts of the 12 compounds was also
coincident with the trends of rotenoids (1 and 2), flavone gly-
cosides (3—5), and phenolic acids (9 and 10). However, com-
pounds 7,8, 11, and 12 presented an overall decreasing trend in
this period. Rutin (6), the most prevalent constituent in the

Table 2 — Precision, repeatability, stability, and recovery of the 12 compounds.

Compound Precision (RSD, %) Repeatability Stability Recovery (%, n = 3)
Intraday (n = 6) Interday (n = 6) (RSD, %,n=6) (RSD, %, n=6) ~yroap RSD, %
Tephrosin 0.52 0.26 0.90 0.36 101.04 1.14
6a,12a-Dehydrodeguelin 0.19 0.14 0.43 0.16 100.10 0.29
Vitexin 0.11 0.51 0.76 0.42 98.62 1.11
Afrormosin-7-0-B-p-glucopyranoside 0.32 0.37 0.54 0.36 98.55 0.96
2"-0-a-L.-Rhamnopyranosyl isovitexin 0.28 0.83 0.86 0.36 102.44 1.42
Rutin 0.29 0.21 0.24 0.26 99.00 1.05
Chrysoeriol 0.47 1.33 1.27 0.89 98.70 1.33
7-0-Methylluteolin 0.26 0.32 0.23 0.33 100.07 0.20
trans-p-Coumaric acid 1.13 1.93 0.65 0.59 100.27 0.77
2-Benzyl-4,6-dihydroxybenzoic 1.23 1.20 1.60 1.14 97.53 1.69
acid-4-0-B-p-glucopyranoside
Formononetin 0.95 0.58 1.78 1.98 99.23 0.98
Quercetin 1.68 0.44 1.51 1.65 97.28 1.61

RSD = relative standard deviation.
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0 10 50 ;o a;o 3:0 min

Figure 3 — HPLC chromatograms of solution of (A) standards and (B) the sample A. fruticosa L. leaves at 295 nm. Peaks: 1,
tephrosin (47.28 minutes); 2, 6a,12a-dehydrodeguelin (52.06 minutes); 3, vitexin (12.86 minutes); 4, afrormosin-7-0-§-p-
glucopyranoside (22.03 minutes); 5, 2”-0-a-L-rhamnopyranosyl isovitexin (18.81 minutes); 6, rutin (16.42 minutes); 7,
chrysoeriol (43.04 minutes); 8, 7-O-methylluteolin (34.01 minutes); 9, trans-p-coumaric acid (12.53 minutes); 10, 2-benzyl-
4,6-dihydroxybenzoic acid-4-0-B-p-glucopyranoside (6.46 minutes); 11, formononetin (44.08 minutes); and 12, quercetin
(28.70 minutes). HPLC = high-performance liquid chromatography.

leaves of A. fruticosa L., showed the highest value of 6.95 mg/gin -
the sample AL0520 and lowest value of 4.78 mg/g in AL0630. 4. Conclusion
The differences observed for each compound probably corre-
lated with physiological and environmental factors [42], such
as tolerance to seasonal conditions and the need for defense
against pathogenic agents to plants [43].

In conclusion, this study investigates and analyzes bioactive
constituents of the leaves of A. fruticosa L. Six known phenols
(3,4, 5, and 7—9) were obtained from this plant for the first time,

Table 3 — Content of the 12 compounds in three different batches of A. fruticosa L. leaves.

Compound Content of compounds (mg/g, n = 3)*
AL0520 AL0630 AL0810

Tephrosin 0.07 +0.001 0.76 +0.009 1.06 +0.002
6a,12a-Dehydrodeguelin 0.45 +0.006 2.46 +0.001 3.14+0.021
Vitexin 0.17 +0.002 0.76 +0.008 1.64+0.014
Afrormosin-7-0-p-p-glucopyranoside 0.10 +0.002 0.65 +0.001 0.62 +0.002
2"-0-e-L.-Rhamnopyranosyl isovitexin 0.48 +0.005 2.00 +0.003 2.90 +0.026
Rutin 6.95+0.013 4.78+0.012 6.67 +0.016
Chrysoeriol 0.14 +0.001 0.11+0.002 0.09 +0.001
7-0-Methylluteolin 1.78 +£0.002 1.63 +0.002 1.38 +£0.003
trans-p-Coumaric acid 0.27 +0.004 0.46 +0.001 0.66 +0.001
2-Benzyl-4,6-dihydroxybenzoic acid-4-0-p-p-glucopyranoside 0.16 +0.002 0.29 +0.003 0.52 +0.004
Formononetin 0.27 +0.001 0.18 +0.002 0.14 +0.003
Quercetin 0.02 +0.000 0.01 +0.000 0.02 +0.000
Total 10.86 14.09 18.84

SD = standard deviation.
# Data are presented as the mean + SD.
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Figure 4 — Content of compounds 1-12 in three different
batches of A. fruticosa L. leaves.

along with the other nine. Individual compounds chrysoeriol
(7) and 7-0-methylluteolin (8), and 90% ethanol crude extract of
A. fruticosa L. leaves exhibit inhibitory effects on human colo-
rectal adenocarcinoma cell line HCT116, whereas there was no
obvious effect on human hepatoma cell line HepG2. A validated
HPLC-DAD method was used for quantitative analysis of
compounds 1-12 isolated from this herb. The results indicated
that their contents were greatly dependent on the stages of
maturity. Total amounts of the isolated compounds presented
an increasing trend from May 20 to August 10, with the value
ranging from 10.86 mg/g to 18.84 mg/g. Tephrosin (1) presented
an increasing trend from May 20 to August 10, and its highest
level was registered in the sample AL0810 with a value of
1.06 mg/g. However, the highest contents of bioactive com-
pounds 7 and 8 were 0.14 mg/g and 1.78 mg/g, respectively, in
the sample AL0520. It will provide the optimal sampling time to
use the rich resource as a source of bioactive compounds. The
results of this study may provide data for further study and
comprehensive utilization of A. fruticosa L. resource.
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