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a b s t r a c t

Annonaceous acetogenins (ACGs) isolated from Annonaceae plants exhibited a broad range of biological
bioactivities such as cytotoxic, antitumoral, antiparasitic, pesticidal and immunosuppresive activities.
However, their structures were liable to change at more than 60 ◦C and their extraction yields were low
using traditional organic solvent extraction. In the present study, all samples from Annona genus plant
seeds were extracted by supercritical carbon dioxide under optimized conditions and a high-performance
liquid chromatography (HPLC) method was established for simultaneously determining eight ACGs. All of
the eight compounds were simultaneously separated on reversed-phase C18 column (250 mm × 4.6 mm,
5 �m) with the column temperature at 30 ◦C. The mobile phase was composed of (A) methanol and (B)
upercritical fluid CO2 extraction
uantification
PLC–DAD
nnonaceous acetogenins

distilled water, the flow rate was 1.0 ml/min and the detection wavelength was set at 220 nm. All calibration
curves showed good linear regression (� > 0.9995) within the test range. The established method showed
good precision and accuracy with overall intra-day and inter-day variations of 0.87–2.53% and 1.91–3.42%,
respectively, and overall recoveries of 95.81–105.39% for the eight compounds analyzed. The established
method can be applied to evaluate the intrinsic quality of Annonaceae plant seeds. The determination
results recover the content-variation regularities of various ACGs in different species, which are helpful
to choose the good-quality Annonaceae plant seeds for anticancer lead compound discovery.
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. Introduction

Annonaceous acetogenins (ACGs) constitute a series of natural
roducts isolated exclusively from Annonaceae plants [1–5], which
re comprised of some 130 genera and include over 2300 species
nd are widely distributed in tropical and sub-tropical regions.
ore than 500 ACGs have been isolated and identified from this

lant family, mostly from the seeds and stem bark [6]. Chemically,
he annonaceous acetogenins are white, waxy, derivatives of long-
hain (C35 or C37) fatty acids. They are usually characterized by
long aliphatic chain bearing a terminal methyl-substituted �,�-
nsaturated �-lactone ring with one, two, three tetrahydrofuran
THF) or tetrahydropyran (THP) rings. ACGs exhibited a broad range
f biological activities such as cytotoxic, antitumoral, antiparasitic,
esticidal and immunosuppresive activities [7,8]. Especially, their

bility to inhibit multiple drug resistant (MDR) tumor cell lines
9–11] has attracted much attention of chemists and biologists.
he ACGs are the most powerful known inhibitors of complex I
NADH:biquinone oxidoreductase) in mammalian and insect mito-
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hondrial electron transport system [12–15]. In addition, they are
otential inhibitors of NADH oxidase of the plasma membranes of
ancer cells [16], the inhibition results in a depletion of ATP levels
hich causes arrest in the cell cycle at the G1 phase, and subse-

uently apoptosis is induced [17]. So, ACGs are regarded as a likely
ource for the development of potential drugs.

However, ACGs are low polarity compounds and their struc-
ures were liable to change at more than 60 ◦C and their extraction
ields was low using classical organic solvent extraction method. As
n alternative of traditional extraction method, supercritical fluid
O2 extraction (SFE), an extraction technique under low tempera-
ure, has recently used in the extraction of bioactive constituents
rom herbal medicines for its small amount of solvent consump-
ion, automated sample handling and high extractive efficiency. So
n the present study all samples were extracted by SFE and the
ptimal technology was concluded by our previous research [18].
o our knowledge, only a few analytical methods are available for
etermination ACGs, previously reported analytical methods were
ust developed to determine the total ACGs by spectrophotometric
nalysis [19], which was instable and to quantify just three types
f ACGs by HPLC method [20]. So in order to assess the intrinsic
uality of different Annonaceae plant seeds and meet the regula-
ory requirements for investigating Annonaceae plant seeds. In this

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:Lixiang_8182@163.com
dx.doi.org/10.1016/j.jpba.2008.09.055
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ig. 1. Chemical structures of annonaceous acetogenins (ACGs) from Annona
quamosa seeds.

tudy, a HPLC method was developed for simultaneous determi-
ation eight major ACGs in Annona genus plant seeds distributed

n south of China. Fig. 1 illustrates the representatives of the eight
CGs which represent the main structural types of bioactive ACGs
nd their contents are considerable in Annonaceae plant seeds.

. Experimental

.1. Chemicals and reagents

The eight reference compounds (12,15-cis-squamostatin-A,
quamostatin-A, bullatacin, squamocin, squamostatin-D, isode-
acetyluvaricin, asiminecin and desacetyluvaricin) were isolated
rom Annona squamosa seeds by our laboratory and their structures
ere established based on spectroscopic analysis, the purity of each

eference compound was determined to be above 98% by HPLC
nalysis and confirmed by LC–MS, NMR spectroscopy. HPLC-grade
ethanol was purchased from Hanbang Science and Technology

ompany (Nanjing, China), the deionized water was purified using
Milli-Q Plus 185 system from Millipore (Milford, MA, USA).

.2. Plant material

Five Annona genus plant (A. squamosa, A. glabra, A. muricata, A.
eticulata and A. bullata) seeds were collected from Hainan, Guang-

ong, Yunnan and Jiangsu provinces, PR China and were identified
y Professor Jianwei Chen (NanJing university of Chinese Medicine,
anjing, China). After collection, the seeds were allowed to dry at
mbient temperature for about 1 week and were then crushed and
mmediately extracted.

w
t
d
a
1

iomedical Analysis 49 (2009) 140–144 141

.3. Apparatus and chromatographic conditions

A supercritical fluid extractor SFE-2 (Applied Separation, USA)
hich is capable of pressure up to 680 bar and temperature up

o 240 ◦C, static and dynamic extraction with flow from 0 l/min
o 10 l/min (gaseous carbon dioxide) and extraction vessels from
ml to 1 l were used. An Agilent 1200 liquid chromatograph sys-

em (Agilent technologies, CA, USA) consisting of double pump, an
uto-sampler and diode-array detector was used. The column con-
guration consisted of an Agilent Zorbax Extend reversed-phase
18 column (250 mm × 4.6 mm, 5 �m). Detection wavelength was
et at 220 nm. The mobile phase consisted of A (methanol) and B
deionized water), using a linear gradient: 0–40 min (85% A), and
0–60 min (85–95% A). The flow rate was 1.0 ml/min. The column
emperature was maintained at 30 ◦C.

.4. Preparation of standard solutions

A mixed standard stock solution containing 12,15-cis-
quamostatin-A (1), squamostatin-A (2), bullatacin (3),
quamostatin-D (4), squamocin (5), isodesacetyluvaricin (6),
siminecin (7), and desacetyluvaricin(8) was prepared in methanol.
orking standard solutions were prepared by diluting the mixed

tandard solution with methanol to give six different concentra-
ions within the ranges: (1) 3.8–45.6 �g/ml; (2) 3.0–36.0 �g/ml;
3) 4.3–51.7 �g/ml; (4) 2.4–28.8 �g/ml; (5) 1.5–56.8 �g/ml; (6)
.3–18.6 �g/ml; (7) 4.1–48.6 �g/ml; and 8, 3.7–44.4 �g/ml for
alibration curves. The standard solutions were filtered through
0.45-�m membrane prior to injection. The standard stock and
orking solutions were stored at 4 ◦C.

.5. Preparation of sample solutions

The dried powder of Annona plant seeds (100 g, 20 mesh) was
ccurately weighed and extracted by SFE under optimized condi-
ions (extraction pressure: 30 MPa; extraction temperature: 35 ◦C;
xtraction time: 1 h; 20 ml 95% ethanol modifier) [19]. After evap-
rating ethanol to dryness by a rotary evaporator, residue was
issolved in methanol in a 25-ml flask, and then filtrated through
0.45-�m millipore filter before HPLC injection. Three aliquots of

he solution (20 �l) were injected to RP-HPLC–DAD system.

. Results and discussion

.1. Optimization of separation condition

Different mobile phase compositions were examined:
ethanol–water and acetonitrile–water. As a result, the 85%
ethanol and 15% water system could give best separation of the

ight reference compounds in 60 min. Furthermore, other chro-
atographic variables were also optimized, including analytical

olumns (Hanbon Hedera ODS-2, Hanbon Lichrospher C18 and Agi-
ent Zorbax Extend C18), the column temperatures (20 ◦C, 25 ◦C and
0 ◦C) and the flow rates (0.8 ml/min and 1.0 ml/min). Eventually,
he optimal separation was achieved on an Agilent Zorbax Extend
18 column (250 mm × 4.6 mm, 5 �m) at a column temperature of
0 ◦C with a flow rate of 1.0 ml/min. According to the absorption
axima of eight reference compounds on the UV spectra with

hree-dimensional chromatograms of HPLC–DAD detection, the

avelength was set at 220 nm. Representative chromatograms for

he standard analytes and for a sample were shown in Fig. 2. Fig. 2A
isplayed that the eight standard analytes were well separated
nd the resolution between any two compounds was greater than
.5. Other compounds in the sample did not interfere with analysis
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Fig. 2. Reprehensive HPLC chromatograms of reference compounds (A) and SFE extract of A. squamosa seeds (B). Peak identification: (1) 12,15-cis-squamostatin-A; (2)
squamostatin-A; (3) bullatacin; (4) squamostatin-D; (5) squamocin; (6) isodesacetyluvaricin; (7) asiminecin; (8) desacetyluvaricin.

Table 1
Calibration curves of eight reference compounds.

Analytes Calibration curves � Linear range (�g/ml) LOD (�g/ml) LOQ (�g/ml)

1. 12,15-Cis-squamostatin-A Y = 6362.9x − 777.38 0.9995 3.8–45.6 0.08 3.8
2. Squamostatin-A Y = 580.4x − 19.21 0.9996 3.0–36.0 0.38 3.0
3. Bullatacin Y = 3632.8x − 423.93 0.9995 4.3–51.7 0.17 4.3
4. Squamostatin-D Y = 4679.0x + 30.21 0.9995 2.4–28.8 0.30 2.4
5. Squamocin Y = 686.2x − 31.02 0.9999 1.5–56.8 0.18 1.5
6. Isodesacetyluvaricin Y = 5054.7x − 295.27 0.9999 2.3–18.6 0.21 2.3
7. Asiminecin Y = 476.3x + 707.01 0.9999 4.1–48.6 0.27 4.1
8 3.7–44.4 0.22 3.7

Y lation coefficient of the equation; LOD refers to limit of detection and LOQ refers to limit
o

o
g
w
w
w
f

3
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Table 2
Precision of the eight analytes in Annonaceae plant seeds (mg/g ± S.D.).

Analytes Precision

Intra-day (n = 6) Inter-day (n = 3)

Mean ± S.D. R.S.D.
(%)

Mean ± S.D. R.S.D.
(%)

1. 12,15-Cis-squamostatin-A 7.6 ± 0.00 1.48 7.7 ± 0.03 2.38
2. Squamostatin-A 6.0 ± 0.01 1.52 5.9 ± 0.01 1.97
3. Bullatacin 8.6 ± 0.02 1.46 8.6 ± 0.01 3.42
4. Squamostatin-D 4.8 ± 0.01 1.17 4.7 ± 0.01 2.65
. Desacetyluvaricin Y = 3853.6x − 141.73 0.9999

is peak area; x is concentration of the reference compounds (�g/ml); r is the corre
f quantification.

f the eight standard analytes, as shown in Fig. 2B. The chromato-
raphic peaks were identified by comparing their retention time
ith that of each reference compound, which was eluted in parallel
ith the optimised mobile phases. In addition, spiking samples
ith the reference compounds showed no additional peaks, which

urther confirmed the identities of the analytes’ peaks.

.2. Calibration curves, limits of detection and quantification

The calibration curves were performed with six different con-

entrations in triplicate. All calibration curves were obtained from
eak areas (Y) of the standard solutions versus the concentrations
or reference compounds. Linear regression analysis for each of the
ight reference compounds was performed by the external stan-
ard method. The limit of detection (LOD) was determined at a

5. Squamocin 1.1 ± 0.02 1.05 1.1 ± 0.01 1.91
6. Isodesacetyluvaricin 4.6 ± 0.00 1.29 4.8 ± 0.02 2.08
7. Asiminecin 8.2 ± 0.01 2.53 8.4 ± 0.02 3.08
8. Desacetyluvaricin 7.4 ± 0.02 0.87 7.1 ± 0.01 2.06
Total 48.3 ± 0.02 1.56 46.4 ± 0.03 3.39
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Table 3
Recoveries of the eight reference compounds in Annonaceae plant seeds (n = 3).

Analytes Original (mg ± S.D.) Spiked (mg) Determined (mg ± S.D.) Recovery (% ± S.D., R.S.D.%)

1.12,15-Cis-squamostatin-A 12.1 ± 0.02 12.0 24.0 ± 0.12 99.17 ± 2.45, 3.12
2. Squamostatin-A 15.3 ± 0.05 15.0 30.1 ± 0.22 98.66 ± 2.87, 4.01
3. Bullatacin 15.6 ± 0.08 15.0 30.7 ± 0.13 100.6 ± 3.54, 3.88
4. Squamostatin-D 10.5 ± 0.03 10.0 20.1 ± 0.31 96.0 ± 2.41, 4.21
5. Squamocin 7.3 ± 0.06 7.1 14.3 ± 0.25 98.59 ± 3.56, 4.47
6. Isodesacetyluvaricin 6.2 ± 0.02 6.2 12.2 ± 0.20 95.81 ± 4.21, 3.85
7. Asiminecin 4.6 ± 0.03 4.5 9.2 ± 0.17 102.2 ± 3.52, 4.41
8. Desacetyluvaricin 8.7 ± 0.04 8.5 17.7 ± 0.10 105.39 ± 4.20, 4.43

Table 4
Contents of eight reference compounds in samples of Annonaceae plant seeds (mg/g).

Sample Origin 1 2 3 4 5 6 7 8 Total

A. squamosa Guangdong 0.22 0.25 0.58 0.20 0.37 0.22 0.17 0.28 2.29
A
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A
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. glabra Hainan 0.17 0.13 0.45

. muricata Hainan 0.20 0.10 0.37

. reticulata Yunnan 0.27 0.12 0.32

. bullata Jiangsu 0.16 0.14 0.41

ignal-to-noise ratio of 3 and the limit of quantificaion (LOQ) was
etermined as the lowest concentration in the linear range of each
nalyte. The calculated results are given in Table 1. All eight refer-
nce compounds showed good linearity (r > 0.9995) in a relatively
ide concentration range. The limits of detection and quantifica-

ion of the eight analytes were 0.08–0.38 �g/ml and 1.5–4.3 �g/ml,
espectively. The LOD and LOQ were reported in Table 1.

.3. Precision and stability

Intra-day and inter-day variations were chosen to determine the
recision of the developed method by analyzing certain concen-
rations of standard solution. For intra-day variation, the standard
olution was analyzed for six times within 1 day, the inter-day vari-
tion was determined in three consecutive days. The overall relative
tandard deviations of the intra-day and inter-day were less than
.42%. The results were shown in Table 2.

Stability study was performed with sample solution at room
emperature and analyzed at 0 h, 2 h, 4 h, 8 h, 12 h, 24 h and 48 h
ithin 2 days, respectively. Variations were expressed by relative

tandard deviations (R.S.D.). The R.S.D. of stability was not more
han 4.21% for all analytes.

.4. Recovery

An appropriate amount of sample was weighed and spiked
ith known amount of each standard compound. They were then

reated and analyzed as described above. Each sample was ana-
yzed in triplicate. The average recoveries were estimated by the
ormula: recovery (%) = (amount found − original amount)/amount
piked × 100%. The total amount of each analyte was calculated
rom the corresponding calibration curve. The overall recoveries
ay between 95.81% and 105.39% for all reference compounds, with
.S.D. less than 4.5% indicating that the established method was
ccurate enough for the determination of the eight annonaceous
cetogenins in Annona plant seeds. The results of recovery test were
hown in Table 3.

.5. Sample analysis
The established method has been successfully applied to the
imultaneous determination of eight annonaceous acetogenins
rom five different Annona plant seeds. The contents (n = 3) of eight
nnonaceous acetogenins were listed in Table 4. It can be seen that

[

0.10 0.26 0.20 0.24 0.27 1.82
0.17 0.27 0.19 0.20 0.18 1.68
0.11 0.31 0.12 0.28 0.14 1.67
0.08 0.33 0.13 0.18 0.27 1.70

ll eight compounds could be detected in all samples. The contents
f these components varied in different Annona plant seeds. From
he results, it was easy to note that bullatacin (3) was the most dom-
nant compound in all samples. Its content ranged from 0.32 mg/g to
.58 mg/g. Besides, the total content of the eight compounds ranged
rom 1.67 mg/g to 2.29 mg/g which might be due to the differences
n soils and climates in each region. Especially, the total content
f the eight compounds in the A. squamosa seeds was higher than
ther four Annona plant seeds. Thus it is necessary to control the
ain bioactive ACGs in different Annonaceae plant seeds by good

gricultural practice (GAP). Then the quality of Annonaceae plant
eeds could be assured.

. Conclusions

A validated analytical method for qualification and quantifica-
ion of annonaceous acetogenins from different Annona plant seeds
as been developed, the new method was evaluated to be precise
nd accurate and successfully applied to determine the contents
f eight major ACGs from five different Annona plant seeds. It was
convenient and precise method to assess the quality of different
nnonaceae plant seeds.
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