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Abstract Isoquinoline alkaloids from leaves of Nelumbo

nucifera (N. nucifera) were extracted using supercritical

CO2. The effects of the parameters such as the dynamic

extraction time, temperature, pressure, various modifiers,

and flow rate of the modifier on the yield of nuciferine and

the ratio of total isoquinoline alkaloids to the total extract

were investigated. Nuciferine content of the extract was

determined by high-performance liquid chromatography

(HPLC). The results indicated that the yield of nuciferine

increased with increases in the dynamic extraction time,

pressure, temperature, and flow rate of the modifier. The

highest nuciferine yield of 325.54 lg/g was obtained when

the extraction was carried out for 2 h at 70 �C under

30 MPa, with 10% (v/v) diethylamine and 1% (v/v) water

in methanol as the modifier which kept a flow rate of

1.2 mL/min. The ratio of total isoquinoline alkaloids to the

extract was 49.85% at the highest nuciferine yield. Five

kinds of isoquinoline alkaloids extracted from N. nucifera

leaves were identified by high-performance liquid chro-

matography combined with ion trap/time-of-flight mass

spectrometry (LC/MS-ITTOF). They were Dehydronucif-

erine, N-nornuciferine, O-nornuciferine, Nuciferine, and

Roemerine in the order of retention time.

Keywords Supercritical fluid extraction (SFE) �
Isoquinoline alkaloids � Nelumbo nucifera (N. nucifera) �
High-performance liquid chromatography (HPLC) �

High-performance liquid chromatography-ion trap/time-of-

flight mass spectrometry (LC/MS-ITTOF)

Introduction

Nelumbo nucifera Gaertn, namely Lotus, is a perennial

aquatic plant grown and consumed throughout Asia [1, 2].

All parts of N. nucifera have been used in oriental medicine

for various medicinal purposes. Its leaves are known for

diuretic and astringent properties and are used to treat

fever, sweating, and strangury, and also used as a styptic

[3]. Moreover, the extract of N. nucifera leaves has been

found to inhibit digestion, slower absorption of lipids and

carbohydrates, accelerate lipid metabolism, up-regulate

energy expenditure [2], reduce the development of ath-

erosclerosis in cholesterolfed rabbits [4], also show hepa-

toprotective and antioxidant activity [5], and inhibit human

peripheral blood mononuclear cells proliferation in vitro

[6]. Recent studies show that N. nucifera is a rich source of

pharmaceutically important isoquinoline alkaloids. Alka-

loids were one of the main active substances existing in the

leaves and more than 15 kinds of alkaloids were found [7,

8]. Five isoquinoline alkaloids, such as (?) -1 (R) - Co-

claurine, (-) -1 (S) - Norcoclaurine, Nuciferine (Fig. 1),

Nornuciferine (Fig. 1), and Roemerine (Fig. 1), were iso-

lated from the leaves of N. nucifera and demonstrated

potent anti-HIV activity [9]. N-Nornuciferine and roem-

erine have exhibited inhibitory activity to CD45 protein

tyrosine phosphatase [10]. Consequently, it is very

important to develop effective methods for isolating and

purifying these alkaloids from the leaves of N. nucifera.

Traditionally, extraction of alkaloids from N. nucifera

leaves usually used organic solvents, subsequently, the

alkaloids were separated and analysed by thin-layer
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chromatography [6], column chromatography, HPLC [1],

and high-performance liquid chromatography-photodiode

array detection-electrospray mass spectrometry [11].

Recent years, SFE has been widely used in many fields,

especially in natural products [12]. Many reports have

revealed that SFE was an almost pollution-free method and

had many advantages such as having faster and more

efficient extraction and giving the extracts with no residual

organic solvents [12–15]. And many researchers have

reported that SFE was capable of extraction alkaloids such

as indole alkaloids [13], purine alkaloids [14] and cocaine

[16], thus SFE can be used to extract isoquinoline alkaloids

from N. nucifera leaves. In this method, carbon dioxide

(CO2) is one of the most commonly used supercritical

fluids for the extraction of alkaloids due to its low critical

point, low toxicity, chemical inertness, non-flammability,

non-corrosiveness, odourlessness, and inexpensiveness

[16–19]. Additionally, it allows supercritical operations at

relatively low pressure and at near-room temperature and

the possibility of obtaining products free of solvent resid-

uals [20, 21]. However, since supercritical CO2 with low

polarity was not efficient for the extraction of most alka-

loids, some polar solvents, such as methanol and water,

were useful as modifiers to raise polarity of CO2 [17, 22],

thus enhance significantly the extraction efficiency and,

consequently, reduce the extraction time [23, 24].

Many references [25–27] have shown that liquid chro-

matography/multi-stage mass spectrometry (LC/MSn)

offers both high sensitivity and selectivity for the unam-

biguous identification and quantification of multiple ana-

lytes in complex samples such as herbal materials;

therefore, LC/MSn has been proven to be a powerful ana-

lytical method for rapid determination of ingredients in

botanic extracts [11, 28]. By producing the MSn ions

associated with these basic structural features as a sub-

structural template based on the parent substance, the

substance’s structure may be rapidly characterized by

comparing their product ions with those of the parent

substance, even without standards [29, 30]. A high-per-

formance liquid chromatography-photodiode array detec-

tion-electrospray mass spectrometry method has been

developed for the analysis of four aporphine alkaloids from

the leave of N. nucifera [11].

In the present study, we determined the best conditions

in supercritical fluid extraction for highest nuciferine yield

from N. nucifera leaves. Furthermore, a rapid and sensitive

method for the identification of isoquinoline alkaloids of N.

nucifera leaves attained by SFE was first developed based

on LC/MS-ITTOF.

Experimental

Plant material

The leaves of N. nucifera (cultivar: wuzhierhao) were

harvested from Honghu District (Hubei, China) in late

August, 2008, and were sun-dried to about 8% moisture.

Moisture content was determined by oven method of

AOAC (1984) [31]. The dry leaves were crushed to pass

through a 40 mesh/inch sieve. Particle size is one of major

factors impacting on the extraction efficiency. As a result,

in this experiment, leaves of 40–60 mesh (350–245 lm)

were chosen for improving the extraction efficiency and

simultaneously protecting the equipment from damage

[32]. Part of the leaf powder was wetted with ammonia

water (10%) and then dried at 60 �C [22]. The basified

sample was generated by this treatment.

Chemicals and reagents

Carbon dioxide (99.9% purity) was obtained from the

Daxing Gas Co., Beijing, China. HPLC-grade acetonitrile

was purchased from Merck Co. (Germany). HPLC-grade

methanol was obtained from Fisher Co. (USA). Water was

purified using a Milli-Q system (Millipore, MA, USA).

Diethylamine (99%), triethylamine (99%), ammonia water

(28%), and NaOH were analytical grade reagents pur-

chased from Shanghai Chemical Factory (Shanghai,

China). Nuciferine standard was obtained from the

National Institute for the Control of Pharmaceutical and

Biological Products, Beijing, China, and diluted to the

desired concentration prior to use.

Traditional solvent extraction [5, 33, 34]

Each 15 g sample of basified or non-basified leaf powder

was placed into a 500 mL round-bottomed flask containing

300 mL of solvent mixture (either 90% aqueous ethanol or

pH 2.5 HCl aqueous solution), and the flask was fitted with

Fig. 1 Structures of Dehydronuciferine, N-nornuciferine, O-nornu-

ciferine, Nuciferine, and Roemerine
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a reflux condenser. The extraction was performed at 84 �C

for 2 h in a thermostated water bath (HH-2S, Tianjin,

China). The extract was filtered, then the filtrate collected

was adjusted to pH 10 with 1% NaOH and evaporated in a

RE111 Rotavapor (Switzerland) to remove the solvent at

50 �C. After that, the residue was dissolved using methanol

in an ultrasonic bath (KQ-50B ultrasonic cleaner, Kunshan

Ultrasonic Instrument Co., Ltd, Jiangsu, China). Subse-

quently, the methanol solution was transferred to a 10 mL

volumetric flask and made-up exactly to the mark with

methanol. Before HPLC analysis, the solution was filtered

through a 0.45 lm membrane and was further diluted if

necessary.

Procedure for supercritical fluid extraction

SFE was performed on a supercritical fluid extractor

HA221-50-06 equipped with two separators and two

extraction vessels (1 and 5 L) (Nantong Huaan Above-

critical Extraction Co., LTD). The equipment can work

well under the pressure up to 30 MPa and temperatures up

to 100 �C. The flow rate of CO2 can go up to 416.7 mL/

min during the process of static and dynamic extraction. A

metering valve is used to control the flow rate of the

modifiers. The extract is collected at room temperature and

atmospheric pressure.

In the study, leaf powder (150 g) was placed in an

extraction vessel (1 L). Before the start of extraction, the

extraction vessel was preheated to aim temperature (50, 60,

or 70 �C) for 20 min. The extraction conditions were as

follows: extraction time: static extraction (1 h) and then

dynamic extraction (0.5, 1.0, 1.5, or 2 h); temperature (50,

60, or 70 �C); pressure (10, 20, or 30 MPa); modifiers

(methanol, 10% (v/v) diethylamine in methanol, 1% (v/v)

water in methanol, 10% (v/v) diethylamine, or 1% (v/v)

water in methanol); flow rate of CO2 (416.7 mL/min); flow

rate of modifiers during dynamic extraction (0.4, 0.8, or

1.2 mL/min). The extract was collected in a brown reagent

glass flask (500 mL) containing 50 mL of methanol, and

then evaporated at 50 �C to remove the solvent and the

modifier [35]. The residue was dissolved with methanol in

an ultrasonic bath. Subsequently, the methanol solution

was transferred to a 25 mL volumetric flask and made-up

exactly to the mark with methanol. The solution was fil-

tered through 0.45 lm membrane and further diluted

suitably before HPLC analysis and LC/MS-ITTOF

analysis.

Reverse-phase HPLC analysis

The reversed-phase HPLC analysis of isoquinoline alka-

loids was performed on a Varian liquid chromatograph

with a photodiode array detector. The column was a

Diamonsil C18 column (5 lm, 200 9 4.6 mm i.d., Dikma,

Beijing, China). The mobile phase was acetonitrile/water/

triethylamine (56/44/0.2, v/v/v) at a flow rate of 1 mL/min.

The absorbance of the eluate was monitored at 270 nm.

Twenty lL of standard or the extract was uploaded in this

study.

A series of standards of nuciferine in the range of 6.4–

32 lg/mL were prepared in methanol. A linear response

with a correlation coefficient of 0.999 (n = 6) was

obtained for the standard.

LC/MS-ITTOF analysis of the extract of N. nucifera

leaves

For the identification of alkaloids in the extract acquired

from SFE with 10% (v/v) diethylamine and 1% (v/v) water

in methanol as the modifier, an ITTOF mass spectrometer

system (Kyoto, Japan) coupled with a high-performance

liquid chromatography (HPLC) system (Shimadzu) was

used. The LC system was equipped with a solvent delivery

pump (LC-20AD), an autosampler (SIL-20AC), a DGU-

20A3 degasser, a photodiode array detector (SPD-M20A),

a communication base module (CBM-20A), and a column

oven (CTO-20AC).

The separation was performed on a VP-ODS column

(5 lm; 150 9 2.0 mm i.d.) using an isocratic mobile phase

(acetonitrile/water/triethylamine (56/44/0.2, v/v/v)). The

injection volume was 20 lL, the flow rate was 0.2 mL/min.

Detection wavelength was over the range of 200–400 nm

and the peaks were simultaneously determined at 270 nm.

The sample chamber in the autosampler was maintained at

4 �C, while the column was set at 40 �C. The entire anal-

ysis sequence took 30 min.

Mass spectral data for isoquinoline alkaloids were

obtained by using an ITTOF mass spectrometer which was

equipped with an electrospray ionization (ESI) source

conducted in the negative ion mode. Liquid nitrogen was

used as a nebulizing gas at a flow rate of 1.5 L/min. The

interface and detector voltages were set at -3.5 and

1.56 kV, respectively. The curved desolvation line (CDL)

and heat block temperatures both were 200 �C. Mass

spectrometry was performed in the full-scan mode (MS1)

and automatic multiple-stage fragmentation-scan modes

(MS2) over an m/z scan range of 100–400. The MS2

spectra were generated by collision-induced dissociation

(CID) of the selected precursor ions with argon as the

collision gas. The ion accumulation time and relative col-

lision energy were set at 50 ms and 50%, respectively.

Data acquisition and processing were carried out using the

LCMS solution version 3.41 software supplied with the

instrument [36].
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Results and discussion

Effect of temperature and pressure on the yield

of nuciferine

Effects of temperature and pressure on the yield of nucif-

erine were studied because many literatures have reported

that temperature and pressure influenced the extraction

efficiency dramatically [12, 32]. Figure 2 illustrates the

effect of extraction temperature (50, 60, or 70 �C) on the

yield of nuciferine which was obtained from basified leaves

of N. nucifera by supercritical CO2 with methanol (0.8 mL/

min) under 30 MPa. The yield of nuciferine increased

dramatically as temperature increased. The increasing

trend of the nuciferine yield slowed from 60 to 70 �C after

a significant rise over the range of 50–60 �C. Taking the

nuciferine yield of 144.72 lg/g obtained at 70 �C for 2 h as

the control, the nuciferine yield was 72% at 50 �C and 93%

at 60 �C. According to these results, it is obvious that with

the increasing dynamic extraction time, the yield of nu-

ciferine rose regularly. It was possible to extract over 80%

of the nuciferine (all yields being based on the yield

obtained after 2 h) within 1 h, and approximately 94% of

the nuciferine within 1.5 h.

Figure 3 reveals the effect of extraction pressure (10, 20,

or 30 MPa) on the yield of nuciferine which was obtained

from basified leaves of N. nucifera by supercritical CO2

with methanol (0.8 mL/min) at 70 �C. The yield of nucif-

erine was strongly enhanced with the increase in pressure.

Compared with the nuciferine yield of 144.72 lg/g under

30 MPa for 2 h, the nuciferine yield obtained under 10 and

20 MPa was 52% and 81% of that, respectively. Until

reaching a dynamic extraction time of 1.5 h, the yield of

nuciferine increased notably along with the extending

dynamic extraction time.

Considering the economic influence, 70 �C was chosen

as the extraction temperature and 2 h as the dynamic

extraction time. In view of the energy consumption of the

equipment, 30 MPa extraction pressure was employed.

Obviously, these results were in accord with former

researchers’ results.

Effect of different modifiers and traditional solvent

on the extraction yield

Supercritical CO2 fluid with 4 kinds of modifiers, including

methanol, 10% (v/v) diethylamine in methanol, 1% (v/v)

water in methanol, 10% (v/v) diethylamine, and 1% (v/v)

water in methanol, were used to extract isoquinoline

alkaloids from leaves of N. nucifera in order to evaluate the

feasibility of SFE and the effect of selected factors on the

nuciferine yield.

No extract was obtained when pure supercritical CO2

was used to extract isoquinoline alkaloids from shattered

leaves of N. nucifera. This was attributed to the fact that

most of the alkaloids in the vacuoles of plant cells are often

stored in the form of salts which cannot be extracted by

pure CO2 with a weak polarity [17]. As a consequence,

polar modifiers should be considered. Usually, the addition

of a small amount of liquid modifier can significantly

enhance the extraction yields of polar alkaloids such as

hyoscyamine [17], sinomenine [22], and berberine [37],

consequently, reducing the extraction time. The report by

Choi et al. [17] revealed that the addition of methanol to

CO2 drastically improved the extraction yield of hyoscya-

mine and scopolamine.

Fig. 2 Yield of nuciferine obtained from basified leaves of N.
nucifera by supercritical CO2 with methanol (0.8 mL/min) over a

range of temperature under 30 MPa

Fig. 3 Yield of nuciferine obtained from basified leaves of N.
nucifera by supercritical CO2 with methanol (0.8 mL/min) over a

range of pressure at 70 �C
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Methanol-modified supercritical CO2 and solvent mix-

tures (90% aqueous ethanol or pH 2.5 HCl aqueous solu-

tion) were used to extract isoquinoline alkaloids from

basified and non-basified leaves of N. nucifera. The results

are displayed in Table 1. Conspicuously, the yield of nu-

ciferine gained from basified leaves using SFE with

methanol was twice as much as that obtained from non-

basified leaves. Simultaneously, the ratio of total isoquin-

oline alkaloids to the extract of the former went up to by

nearly two times that of the later. The above results sug-

gested that alkaloids existed in the form of combinations

with organic acids, and these results agree with the reports

by Choi et al. and Liu et al. Therefore, basified leaves were

applied in further steps of this study. The yield of nucif-

erine acquired by methanol-modified supercritical CO2 was

only 60% of the yield obtained by 90% aqueous ethanol.

Nevertheless, the ratio of total isoquinoline alkaloids to the

extract of the former was increased by about two times,

compared with that of the latter. Apparently, it was inef-

ficient to extract isoquinoline alkaloids using methanol-

modified supercritical CO2.

To improve the yield of nuciferine, diethylamine and

water were taken into account for the addition of diethyl-

amine to methanol dramatically enhancing the yield of

scopolamine and hyoscyamine [17] and a low content of

water in supercritical CO2 benefiting the extraction process

[38, 39]. Supercritical CO2 with 3 kinds of modifiers

including 10% (v/v) diethylamine in methanol, 1% (v/v)

water in methanol, 10% (v/v) diethylamine, and 1% (v/v)

water in methanol were investigated to evaluate the feasi-

bility of SFE. The results are shown in Table 1. The

addition of diethylamine (10%, v/v) to methanol enhanced

the yield of nuciferine largely in comparison with pure

methanol. The yield of nuciferine was got a little rise when

water (1%, v/v) was added into methanol, which may agree

to K. Jackson’s study that only 0.5% (v/v) of water can be

completely miscible with CO2, thus water did not appear to

improve the polarity of CO2 as much as did methanol [40].

However, adding diethylamine (10%, v/v) and water (1%,

v/v) to methanol together led to a sharp rise of the nucif-

erine yield. The higher nuciferine yield, 292.35 lg/g, won

by 10% (v/v) diethylamine and 1% (v/v) water in methanol

as the modifiers were far more than that obtained by other

methods, so it can be deduced that water can increase the

polarity of CO2 and diethylamine can make alkaloids more

easily extractable from basified leaves. Furthermore, the

ratio of total isoquinoline alkaloids to the extract reached

49.31%. The results were in accordance with Choi’s study

that diethylamine (10%, v/v) can be treated as a basifying

agent for dissociating isoquinoline alkaloids and water

(1%, v/v) as an agent for increasing the polarity of CO2 in

SFE of alkaloids [17].

Effect of flow rate of the modifier on the yield

of nuciferine

Flow rate of the modifier is also a significant factor

impacting the yield of nuciferine [32]. In the above

experiments, flow rate of modifier was controlled at

0.8 mL/min. In order to evaluate the effect of flow rate of

the modifier (0.4, 0.8 or 1.2 mL/min) on the yield of

nuciferine, a series of experiments were carried out with

Table 1 Effect of different modifiers and traditional solvent on the yield of nuciferine (lg/g), and the ratio of total isoquinoline alkaloids to the

extract (%) from leaves of N. nucifera

Sample Modifier or solvent Yieldf Ratiog

Nonbasified powder SFEa, Methanol 71.12 ± 3.53 20.86 ± 0.98

Basified powder SFEa, Methanol 144.72 ± 8.54 41.43 ± 1.64

Basified powder SFEa, Diethylamine-Methanolc 211.77 ± 10.88 48.05 ± 2.42

Basified powder SFEa, Water-Methanold 170.91 ± 8.12 41.06 ± 1.88

Basified powder SFEa, Diethylamine-Water-Methanole 292.35 ± 9.74 49.31 ± 1.96

Nonbasified powder Solvent extractionb, 90% aqueous ethanol 236.47 ± 7.45 11.33 ± 0.91

Nonbasified powder Solvent extractionb, pH 2.5 HCl aqueous solution 121.35 ± 6.15 14.70 ± 1.26

Basified powder Solvent extractiontb, 90% aqueous ethanol 225.29 ± 10.16 21.20 ± 1.69

a supercritical fluid extraction. The temperature and pressure were 70 �C and 30 MPa, respectively. Flow rate of CO2 and the modifier were

416.7 mL/min and 0.8 mL/min, respectively. Dynamic extraction lasts 2 h
b Traditional solvent extraction. The extraction was performed at 84 �C for 2 h
c 10% (v/v) diethylamine in methanol
d 1% (v/v) water in methanol
e 10% (v/v) diethylamine and 1% (v/v) water in methanol
f The yield of nuciferine (lg/g) (Mean ± SD)
g The ratio of total alkaloids to the extract (%) (Mean ± SD)
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10% (v/v) diethylamine and 1% (v/v) water in methanol as

the modifier at 70 �C under 30 MPa for 2 h. The results

illustrated that varying the flow rates of the modifier from

0.4 to 0.8 mL/min, the yield of nuciferine had increased

from 186.12 to 292.35 lg/g, and then the yield of nucif-

erine increased by 33.56 lg/g when flow rate of the mod-

ifier improved from 0.8 to 1.2 mL/min. That is to say, the

increasing flow rate of the modifier caused an increasing

yield of nuciferine, but the increasing trend became less

after a sharp rise in the range of 0.4–0.8 mL/min. The

highest nuciferine yield of 325.54 lg/g was obtained when

the extraction was carried out for 2 h at 70 �C under

30 MPa, 10% (v/v) diethylamine and 1% (v/v) water in

methanol as the modifier, with a flow rate of 1.2 mL/min

for supercritical CO2. The corresponding ratio of total

isoquinoline alkaloids to the extract was the highest,

reaching up to 49.85%.

HPLC chromatograms of the extracts obtained

Figure 4 exhibits HPLC chromatograms of the nuciferine

standard and the extract obtained from basified leaves by

supercritical CO2 modified with 10% (v/v) diethylamine

and 1% (v/v) water in methanol at 70 �C under 30 MPa for

2 h. By comparison with the peak of the nuciferine stan-

dard which appeared at a retention time of 12.57 min, the

nuciferine peak of the extract can be identified rapidly.

Chromatograms of all other extracts were similar to

Fig. 4b. Five peaks appeared at 4.47, 5.97, 7.58, 12.57, and

14.71 min, which probably belonged to isoquinoline alka-

loids including the nuciferine which appeared at

12.57 min.

LC/MS-ITTOF analysis of nuciferine

and other isoquinoline alkaloids

The extract of basified leaves acquired by SFE with 10%

(v/v) diethylamine and 1% (v/v) water in methanol as the

modifier was analysed by LC/MS-ITTOF. Its total ion

current chromatogram in negative mode is shown in Fig. 5.

Five peaks appeared at retention times of 7.6, 9.3, 12.1,

20.8, and 22.8 min under the conditions described in Sec-

tion ‘‘LC/MS-ITTOF analysis of the extract of N. nucifera

leaves’’. This was consistent with the five peaks in the

HPLC chromatograms such as illustrated in Fig. 4b.

Table 2 summarizes the formulas, retention time (tR),

UV (kmax), observed masses and predicated masses, double

bond equivalents (DBE), and mass errors of the fragment

ions of isoquinoline alkaloids component of Fig. 5. Five

alkaloids exhibited their maximum UV absorption over the

wavelength range: 270–272 nm, which conforms to the

characteristic of isoquinoline alkaloids in N. nucifera

leaves. The fragment ion at m/z 277.1143 in ingredient 1

indicated the fragment [M–H–CH3]-. The fragment ion at

m/z 249.1009 in ingredient 2 implied the fragment [M–H–

OCH3]- which was in accord with the fragment ion at m/z

251 in N-nornuciferine in Luo’s study. The fragment ions

at m/z 265.1094 and 250.0858 in ingredient 3 are supposed

to infer fragments [M–H–CH3]- and [M–H–CH3–CH3]-,

respectively. From the fragment ions at m/z 279.1212 and

263.1236 in ingredient 4, namely Nuciferine, fragments

Fig. 4 a HPLC chromatogram of Nuciferine standard, b HPLC

chromatogram of the extract obtained from basified leaves with

methanol-modified supercritical CO2

Fig. 5 LC/MS-ITTOF total ion current chromatogram in negative

mode of the extract of N. nucifera leaves obtained by SFE with 10%

(v/v) diethylamine and 1% (v/v) water in methanol as the modifier
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[M–H–CH3]- and [M–H–OCH3]- can be concluded,

respectively. The fragment ion at m/z 263.1286 accorded

with the fragment ion at m/z 265 in Nuciferine in Luo’s

study. The fragment ion at m/z 263.0925 in ingredient 5

indicated the fragment [M–H–CH3]-. The peak sequence

of ingredients 2, 3, 4, and 5 was consistent with that in

Luo’s study. All five isoquinoline alkaloids could be

identified in leaves of N. nucifera by comparing their tR,

UV, and MS data with those of the reference standards.

The mass error was relatively large, perhaps as a result of

lack of instrument calibration. The mass errors of the

fragment ions were in the range of -5.3 to 8.8 mDa.

Conclusions

It was notable that the yield of nuciferine from N. nucifera

leaves was influenced by using various modifiers in SFE,

among which the highest yield was obtained by using 10%

diethylamine (v/v) and 1% water (v/v) in methanol as the

modifier, while the yield obtained by using pure methanol

as the modifier was the lowest. Supercritical CO2 with 10%

diethylamine (v/v) and 1% water (v/v) in methanol was

more efficient than the traditional solvent method. Dieth-

ylamine (10%, v/v) as a basifying agent for liberating the

alkaloids and water (1%, v/v) as an agent for increasing the

polarity of CO2 are useful for SFE of alkaloids. Basified

leaves are more efficiently extracted for alkaloids by SFE

rather than non-basified leaves, in that basifiers such as

ammonia water can dissociate alkaloids from their com-

bination with organic acids. These results will prove useful

for the SFE of other alkaloids from other types of plant

materials. According to LC/MS-ITTOF, five kinds of iso-

quinoline alkaloids such as Dehydronuciferine, N-

nornuciferine, O-nornuciferine, Nuciferine, and Roemerine

extracted from N. nucifera leaves were found.
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using supercritical CO2. J Agric Food Chem 47:3804–3808

15. Boselli E, Caboni MF, Lercker G (2001) Extraction and purifi-

cation of free cholesterol from some egg-containing food by on-

line supercritical fluid extraction–solid-phase extraction. Eur

Food Res Technol 212:244–246

16. Brachet A, Christen P, Gauvrit J-Y, Longeray R, Lanteri P,

Veuthey J-L (2000) Experimental design in supercritical fluid

extraction of cocaine from coca leaves. J Biochem Biophys

Methods 43:353–366

17. Choi YH, Chin Y-W, Kim J, Jeon SH, Yoo K-P (1999) Strategies

for supercritical fluid extraction of hyoscyamine and scopolamine

salts using basified modifiers. J Chromatogr A 863:47–55

18. Radcliffe C, Maguire K, Lockwood B (2000) Applications of

supercritical fluid extraction and chromatography in forensic

science. J Biochem Biophys Methods 43:261–272

19. Staub C (1997) Supercritical fluid extraction and hair analysis:

the situation in 1996. Forensic Sci Int 84:295–304

20. Reverchon E, Marco ID (2006) Supercritical fluid extraction and

fractionation of natural matter. J Supercrit Fluids 38:146–166

21. Rajaei A, Barzegar M, Yamini Y (2005) Supercritical fluid

extraction of tea seed oil and its comparison with solvent

extraction. Eur Food Res Technol 220:401–405

22. Liu B, Jiang HL, Shen B, Chang YL (2005) Supercritical fluid

extraction of sinomenine from Sinomenium acutum (Thumb)
Rehd et Wils. J Chromatogr A 1075:213–215

23. Tzeng T-C, Lin Y-L, Jong T-T, Chang YL, Jang CM (2007)

Ethanol modified supercritical fluids extraction of scopoletin and

artemisinin from Artemisia annua L. Sep Purif Technol 56:18–24

24. Liu B, Shen B, Guo F, Chang YL (2008) Optimization of

supercritical fluid extraction of dl-tetrahydropalmatine from rhi-

zome of Corydalis yanhusuo W.T.Wang with orthogonal array

design. Sep Purif Technol 64:242–246

25. Chen Y, Fan GR, Zhang QY, Wu HL, Wu YT (2007) Fingerprint

analysis of the fruits of Cnidium monnieri extract by high-per-

formance liquid chromatography–diode array detection–electro-

spray ionization tandem mass spectrometry. J Pharm Biomed

Anal 43:926–936

26. Wang DM, Lu JL, Miao AQ, Xie ZY, Yang D (2008) HPLC-

DAD-ESI-MS/MS analysis of polyphenols and purine alkaloids

in leaves of 22 tea cultivars in China. J Food Compos Anal

21:361–369

27. Ding B, Zhou TT, Fan GR, Hong ZY, Wu YT (2007) Qualitative

and quantitative determination of ten alkaloids in traditional

Chinese medicine Corydalis yanhusuo W.T. Wang by LC–MS/

MS and LC–DAD. J Pharm Biomed Anal 45:219–226

28. Zhou J-L, Li P, Li H-J, Jiang Y, Ren M-T, Liu Y (2008)

Development and validation of a liquid chromatography/elec-

trospray ionization time-of-flight mass spectrometry method for

relative and absolute quantification of steroidal alkaloids in

Fritillaria species. J Chromatogr A 1177:126–137

29. Chen Y, Fan GR, Wu HL, Wu YT, Mitchell A (2007) Separation,

identification and rapid determination of liensine, isoliensinine

and neferine from embryo of the seed of Nelumbo nucifera
GAERTN by liquid chromatography coupled to diode array

detector and tandem mass spectrometry. J Pharm Biomed Anal

43:99–104

30. Deevanhxay P, Suzuki M, Maeshibu N, Li H, Tanak K, Hirose S

(2009) Simultaneous characterization of quaternary alkaloids, 8-

oxoprotoberberine alkaloids, and a steroid compound in Cosci-
nium fenestratum by liquid chromatography hybrid ion trap time-

of-flight mass spectrometry. J Pharm Biomed Anal 50:413–425

31. AOAC (1984) Official methods of analysis of the association of

official analytical chemists, 14th ed. In Williams S (ed) Associ-

ation of Official Analytical Chemists, Washington DC, p 1018

32. Li WM, Jin B, Feng YF (2002) Modernization of traditional

Chinese medicine with the supercritical fluid extraction technol-

ogy. China Medical Science and Technology Press, China

33. Hu M, Skibsted LH (2002) Antioxidative capacity of rhizome

extract and rhizome knot extract of edible lotus (Nelumbo nufi-
cera). Food Chem 76:327–333

34. Xu HD, Jian QJ (2008) A new benzylisoquinoline alkaloid from

stems of Nelumbo nucifera. Chin Chem Lett 19:308–310

35. del Valle JM, Rogalinski T, Zetzl C, Brunner G (2005) Extraction

of boldo (Peumus boldus M.) leaves with supercritical CO2 and

hot pressurized water. Food Res Int 38:203–213

36. Liu ZY, Huang LL, Dai MH, Chen DM, Wang YL, Tao YF,

Yuan ZH (2008) Metabolism of olaquindox in rat liver micro-

somes: structural elucidation of metabolites by high-performance

liquid chromatography combined with ion trap/time-of-flight

mass spectrometry. Rapid Commun Mass Spectrum 22:1009–

1016

37. Liu B, Li WJ, Chang YL, Dong WH, Ni L (2006) Extraction of

berberine from rhizome of Coptis chinensis Franch using super-

critical fluid extraction. J Pharm Biomed Anal 41:1056–1060

38. Duarte CMM, Crew M, Casimiro T, Aguiar-Ricardo A, da Ponte

MN (2002) Phase equilibrium for capsaicin ? water ? etha-

nol ? supercritical carbon dioxide. J Supercrit Fluids 22:87–92

39. Iwai Y, Nagano H, Lee GS, Uno M, Arai Y (2006) Measurement

of entrainer effects of water and ethanol on solubility of caffeine

in supercritical carbon dioxide by FT-IR spectroscopy. J Super-

crit Fluids 38:312–318

40. Jackson K, Bowman LE, Fulton JL (1995) Water solubility

measurements in supercritical fluids and high-pressure liquids

using near-infrared spectroscopy. Anal Chem 67:2368–2372

414 Eur Food Res Technol (2010) 231:407–414

123


	Supercritical fluid extraction and identification of isoquinoline alkaloids from leaves of Nelumbo nucifera Gaertn
	Abstract
	Introduction
	Experimental
	Plant material
	Chemicals and reagents
	Traditional solvent extraction [5, 33, 34]
	Procedure for supercritical fluid extraction
	Reverse-phase HPLC analysis
	LC/MS-ITTOF analysis of the extract of N. nucifera leaves

	Results and discussion
	Effect of temperature and pressure on the yield  of nuciferine
	Effect of different modifiers and traditional solvent  on the extraction yield
	Effect of flow rate of the modifier on the yield  of nuciferine
	HPLC chromatograms of the extracts obtained
	LC/MS-ITTOF analysis of nuciferine  and other isoquinoline alkaloids

	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


