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Fig. 1 RP-HPLC chromatograms of eritadenine standard ( A) and test samples( B)
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Determination of Eritadenine in Lentinula edodes
Fruit bodies Using HPLC
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Abstract: A simple and sensitive HPLG-based method for the accurate determination of eritadenine in

Lentinula edodes fruit bodies is described. Optimization of sample work up procedures showed that the

efficiency of eritadenine extraction was highest when powdered fruit bodies were suspended in 5% (w/v)

ethanol and subjected to ultrasound for 30 min using a 1! 100 sample-solvent ratio. Optimal separation of

eritadenine in the extracts was achieved by loading 10 L sam ples on to an Ultimate AQ-Cis column (5 Hm,

4.6 mmx 250 mm) and eluting with methanot phosphate buffer (7. 93, pH 4.67) at 30 C using a flow rate

of 1.0 mL/ min. Eritadenine in eluted fractions was monitored at 259 nm.

Key words: Lentinula edodes; eritadenine; HPLC

Lentinula edodes ranks among the top

three mushroom species available on the
international market'", mushroom fruit bodies
contain eritadenine, the cholesterotlowering
effects of which are reported to be ten times
stronger than the widely used lipid-lowering
drug, clofibrate” . Eritadenine also reduces

homocysteine concentrations in  plasma,

thereby preventing high level homocysteine-
induced thrombosis and vascular disease™",
and exhibits hepatoprotective activity[s] .
Currently, UV spectrophotometry, GG
MS or paper electrophoresis are used for the
qualitative and quantitative determination of
eritadenine, although each of these methods
has inherent deficiencies. Preparation of the
test samples for UV spectrophotometry is
complex and it is often difficult to remove
interfering componentsm, the required pre
derivatization of samples for GG-MS causes
large errors ", and poor reproducibility is a
regular problem with the paper electrophoresis

method'” . In this paper, we have used HPLC

Received: May 12, 2011; Accepted: June 3, 2011

to determine eritadenine levels in L. edodes

fruit bodies, and have examined various

features of the methodology (i. e. accuracy,

reproducibility,  eritadenine  stability and
recovery rate) to establish if the method is
suitable for the routine quantitative analysis of

this bioactive component.

1 M aterials and methods

1.1 Materials
L. edodes fruit bodies was purchased from
Shanghai Baixin Bie-Tech Co., Ltd.
1. 2 Reagents
Methanol (HPLC grade) was from Dikma
Technologies Inc ( CA, USA),

reagents were from Chinese sources and of

while other

analytical grade.
1.3 Methods
1.3. 1 Eritadenine standard

A sample of eritadenine, shown by nuclear
magnetic resonance imaging to be 98% pure,
was further purified by chromatography using

. . . 10
cation and anion exchange resins ' followed by

Sponsored by the Shanghai Municipal Government Foundation
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repeated recrystallization to give colorless
needle-like crystals ( details to be reported

elsewhere) .
1.3.2 HPLC

HPLC was carried out using a W aters 600
Series high-performance liquid chromatograph,
attached to a Waters 717 autosampler and a
Waters 2996 photodiode array detector. The
chromatograph was fitted with an Ultimate AQ-
C18 column (5 Pm, 4. 6 mm X 250 mm), and
the mobile phase was methanot phosphate buffer
(10 mmol/L KH2PO4 adjusted with 85% H3 PO«
different pH
conditions were as follows: column temperature,
10 HL;
1 mL/min; detection wavelength, 259 nm. The

to give values ).  Operating

40 C; injection volume, flow rate,
shape of the eritadenine peak and the degree of
separation varied according to the methanot
phosphate buffer ratio. In order to optimize the
HPLC conditions, the effects of using different
proportions (3%, 4%, 5%, 6%, 7%, 10%,
15% and 20%)
phase, and different pH values (4. 45, 4. 67 and

5.12), were evaluated.

of methanol in the mobile

1. 3. 3 Optimization of sample pre-treatment
1.3. 3.1 Concentration of extraction solvent
L. edodes fruit body powder (1 g) was
suspended in 100 mL aqueous ethanol ( 5%,
10% , 15%, 20% , 25% or 30% ) and subjected
to ultrasound ( KQ-600B ultrasonic cleaner,
Kunshan Ultrasonic Instrument Co., Ltd,
Kushan, China) for 30 min. After cooling to
room temperature and addition of solvent to
for losses extraction,

compensate during

suspensions were coarse filtered to remove
residual solids. Filtrates were then membrane
filtered (0. 45 Bm) and the extraction yields
HPLC.

prepared by suspending 1 g fruit body powder

determined using Controls were
in 100 mL distilled water and extracting under
reflux at 100 C for 1 h. Each treatment was
carried out in triplicate.

1.3. 3.2 Solid-liquid ratio
L., edodes fruit body powder (/1.g). was

suspended in different volumes (50, 100, 150,
200, 250 or 300 mL) of 5% aqueous ethanol
and extracted using ultrasound as above.
Subsequent worlkeup procedures were the same
as described in Section 1.3. 3. 1.
1.3. 3.3 Extraction time

L. edodes fruit body powder (1 g) was
suspended in 100 mL of 5% aqueous ethanol
and extracted using ultrasound for 10, 15, 20,
30, 60, 120 or 180 min. Subsequent work-up
procedures were the same as described in
Section 1.3.3.1.
1. 3. 4 Analysis of methodology
1.3. 4.1 Standard Curve

A standard curve relating peak area with
eritadenine concentration was prepared using
dif ferent concentrations of eritadenine ( 10,
15, 20, 25, 30, 35 and 40 Hg/mL) dissolved in
ultra-pure water.
1.3. 4.2 Precision test

The precision level of the methodology was
assessed from the RSD value calculatedafter
five replicate determinations of the peak area
obtained following HPLC of a 10 BL sample of
a standard (20 Hg/ mL) eritadenine solution.
1. 3. 4.3 Reproducibility

Reproducibility was assessed from the RSD
value calculated from the peak areas obtained
following HPLC of five test solutions prepared
from the same batch of fruit bodies using the
optimized pre-treatment and HPLC conditions.
1.3. 4.4 Stability test

Eritadenine stability was assessed from the
RSD value calculated from peak areas obtained
following HPLC of five replicate 10 BL. samples
of a standard (20 Hg/mL) eritadenine solution
assayed after 0, 10, 15 and 20 h.
1.3. 4.5 Recovery rate

Eritadenine recovery rates were
determined by adding 0.2 mL aliquots of a
standard eritadenine solution (1 mg/ mL) to six
powdered fruit body samples prior to extraction
and analysis

adopting the optimized pre-

treatment and HPLC procedures.
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1.3.5 Determination of eritadenine in L.
edodes fruit bodies

Eritadenine levels were determined in five
powdered L. edodes fruit body samples (0.1 g)
adopting the optimized pretreatment and

HPLC procedures.

2 Results and Analysis

2.1 Optimized HPLC conditions

An Ultimate AQ-C18 analytical column
operated at 30 C, and using a methanok
phosphate buffer mobile phase and a flow rate
of 1 mL/min, gave a welkdefined eritadenine
peak and a good degree of separation.
Eritadenine retention times were shorter with
increasing concentrations of methanol in the
mobile phase but peak characteristics and the
degree of separation made analysis more
dif ficult, especially when the proportion of
methanol in the mobile phase > 10%. A
methanol: phosphate buffer ratio of 70 93 was
selected as optimal based on retention time and
degree of separation. Peak features and
retention times were also greatly affected by
the pH of the buffer, with pH 4. 67 providing
the best baseline separation and a welt defined
eritadenine peak (see Fig. 1 in the Chinese
version) .
2.2 Optimized sample pre-treatment conditions

In view of the higher cell wall penetrating
properties of ethanol and the watersoluble
nature of eritadenine, two extraction methods
terms of eritadenine

were compared in

extraction efficiency: ( 1) extraction with
ultrasound using different concentrations of
ethanol as the solvent, and (2) refluxing at
100 C using distilled water. Extraction with
ultrasound using 5%-20% ethanol was more
efficient than refluxing with boiling water and
5% ethanol was selected on the basis of easy
operation and lowest impurity levels. M aximum
eritadenine yields were achieved after 15 min
ultrasound treatment (see Fig. 2 in the Chinese

version), but, since the extraction efficiency at

30 min was more reproducible, the longer
extraction time was adopted. The ratio of fruit
body sample to extraction solvent had no
significant effect on eritadenine yields over the
range tested ( Fig. 3 in Chinese version) and
the solid-liquid ratio of 1! 100 was selected as

standard.
2.3 Methodology data

2.3.1 Standard curve
The following regression equation was

derived from the experimental data: y= 40200 x -
15600, 1= 0.99987, linear range 540 Hg/mL,
x: standard sample concentration ( Hg/mlL ),
y: peak area.
2.3.2 Precision, reproducibility and stability

RSD  values for
determined in precision, reproducibility and
stability tests were 0. 40%, 0.08% and 0. 46% ,
respectively, indicating that the HPLC method

eritadenine levels

gave accurate, reproducible and stable results.
2.3.3 Recovery rate

The rates ofrecovery ranged between
95.31% and 97. 85%, with an average value of
96.42% (RSD = 0.86%) .
2.4 Content of
fruit bodies

The average eritadenine content of L.
edodes fruit bodies was 1.993 6 mg/ g (RSD =
0.08%) .

eritadenine in L. edodes

3 Discussion

According to the “2002 China National
Nutrition and Health Survey Report” issued by
Health,
approximately 160 million dyslipidemic people

the  Ministry  of there are
living in China, of which about 90 million are
suffering from hyperlipidemia. Hyperlipidemia
is a leading cause of cardiovascular disease and
a major life-threatening factor affecting the
elderly. The lipid-lowering effect of L. edodes
fruit bodies was first recorded in the 1960s and
lipid- lowering

the active component was

More

recent studies on the mechanism underlying the

subsequently identified as eritadenine.
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lipid-lowering effects have shown that [6] SAITO M, YASUMOTO T, KANEDA T.
eritadenine reduces blood cholesterol by Quantitative analyses of eritadenine in Shiitake
regulating fatty acid metabolism! 10, 11] and mushroom and other edible fungilJ]. J Jap Soc Food

. .. Nutr, 1975, 28:503513.
changing the molecular composition of . , ,
[7] VITANYI G, LELIK L, BIHATSFKARSAI E, e

[10, 1214]

phosphatidylcholine Eritadenine has
wide application and exploitation potential for
use in cholesterot lowering nutriceutical and
pharmaceutical products.

Conventional methods for nucleotide
analysis based on gradient elution using water
and methanol ™ are not particularly suited for
separating eritadenine due to the highly polar
nature of a molecular structure consisting of
adenine and butyrate. We have now

demonstrated that eritadenine can be readily

separated from other purine nucleoside
components adopting chromatographic
conditions suitable for separating single

Our HPLGbased determination
method is straightforward, highly accurate and

nucleotides.

reproducible, and is therefore suitable for the
quantitative determination of this bioactive

component.
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