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Analysis of yohimbine alkaloid from Pausinystalia
yohimbe by non-aqueous capillary electrophoresis
and gas chromatography-mass spectrometry

In the present work, the qualitative and quantitative analysis of Pausinystalia yohimbe-
type alkaloids in the barks of Rubiaceae species is presented using different analyti-
cal approaches. Extracts of P. yohimbe were first examined by GC-MS and the major
alkaloids were identified. The quantitation of yohimbine was then accomplished by
non-aqueous CE (NACE) with diode array detection. This approach was selected in
order to use a running buffer fully compatible with samples in organic solvent. In
particular, a mixture of methanol containing ammonium acetate (20 mM) and gla-
cial acetic acid was used as a BGE. The same analytical sample was subjected to GC-
MS and NACE analysis; the different selectivity displayed by these techniques
allowed different separation profiles that can be useful in phytochemical character-
ization of the extracts. The linear calibration ranges were all 10–1000 lg/mL for
yohimbine by GC-MS and NACE analysis. The recovery of yohimbine was 91.2–94.0%
with RSD 1.4–4.3%. The LOD for yohimbine were 0.6 lg/mL by GC-MS and 1.0 lg/mL
by NACE, respectively. The GC-MS and NACE methods were successfully validated
and applied to the quantitation of yohimbine.
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1 Introduction

Yohimbe, the dried bark of Pausinystalia yohimbe (Rubia-
ceae) which is a tree native to tropical West Africa, has
long been considered as an aphrodisiac and it is exten-
sively used by local populations as part of traditional
health care systems. The name used to label both medi-
cine plants and the group of alkaloids contained in their
extracts; the chemical structures of these alkaloids are
very variable as well as their pharmacological properties.
In the recent years attention has been focused on the bio-
logical activity of yohimbine [1] which displayed the
treatment of erectile functional disturbance and anxio-
genic [2, 3].

The interest in yohimbe outside West Africa was first
recorded in Germany when yohimbine (17-hydroxy-
yohimban-16-carboxylic acid methyl ester, Fig. 1(a) as its
main alkaloid was isolated by Spiegel et al., in 1896 [1].

Several studies, mainly involving P. yohimbe alkaloids,
have been published about the distribution of yohim-
bine in different subspecies, as well as in their different
organs and during different periods of harvesting. In
these studies TLC, HPLC and HPLC-MS [4–7] were success-
fully applied.

GC-MS was found to be suitable for the characteriza-
tion of the alkaloid [8]. The power of GC-MS has been
exploited in these works, especially because the main P.
yohimbe alkaloids can be easily subjected to direct GC
analysis without any derivatization step. Therefore, it
could be used in identification of P. yohimbe by retention
time and mass spectrum as well as in its quantitation.
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Figure 1. Chemical structures of yohimbine (a), diazepam
(b) and berberine (c).
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In the present work, quantitative determination of
yohimbine in barks of P. yohimbe by both NACE and GC-
MS methods has been carried out. The choice of the inter-
nal standard (IS) is of crucial importance since it affects
precision and accuracy of the method. Physicochemical
properties may vary to some degree and cause high varia-
bility during sample pretreatment and differences in
detector response. Ideally, isotope-labeled analogues
should provide the best results, but also structurally
closely related compounds may be of similar usability. It
was thus the aim of this study to prepare a suitable IS
(diazepam, Fig. 1(b)) for the measurement of yohimbine
by GC-MS. The quantity of solutes injected depends on
their electrophoretic mobilities; so, a sampling bias
exists with electrokinetic injection [9], and the peak
areas plotted versus analyte concentrations often show
poor linearity, making the quantitative determination
imprecise. Therefore, the quantitation by help of an IS
and the measurement of the peak ratio between analyte
and IS are always recommended. The aim of this work
studies the applicability of NACE system with IS (berber-
ine, Fig. 1(c)) for determination of yohimbine in P.
yohimbe.

The usefulness of the proposed approaches lies in the
selectivity of GC and CE. In order to take advantage of the
proposed GC-MS and CE off-line combination, a complete
compatibility of the BGE used in CE with the solvent of
the samples prepared for GC analysis, should be useful.
For this reason a fully non-aqueous CE method was
adopted; this approach often can allow improved separa-
tion compared to a conventional CZE aqueous system
because of the favorable effects of solvent in use on pK
values and solvation of the analytes. These aspects have
been considered in analysis of opium alkaloid in pharma-
ceuticals [10]; more recently applications of NACE to the
analysis of alkaloid in plant extracts have been reported
[11–13] confirming the suitability of this technique in
phytochemical analysis. To the best of our knowledge,
however, this is the first study concerning NACE analysis
of yohimbine in extracts of P. yohimbe.

2 Experimental

2.1 Materials

Yohimbine hydrochloride was purchased from Sigma
(Sigma-Aldrich, USA), berberine hydrochloride and diaze-
pam were bought by the National Institute for the Phar-
maceutical and Biological Products of China, ammo-
nium acetate, glacial acetic acid (99.9%), methanol, etha-
nol, dichloromethane, n-hexane, sodium bicarbonate
and sodium carbonate were all products of Xi'an Analyti-
cal Instrument Factory (Xi'an, China). Barks of P. yohimbe
were purchased in a local market.

2.2 Solutions

The standard stock solutions of yohimbine hydrochlor-
ide, berberine hydrochloride and diazepam were pre-
pared by dissolving 10.0 mg of each in 10 mL methanol
to yield a nominal concentration of 1.00 mg/mL, which
were kept at –208C. The yohimbine hydrochloride stock
solution was diluted with methanol to obtain calibration
solutions ranging from 10–1000 lg/mL. Berberine
hydrochloride and diazepam both were prepared by
diluting the stock solutions to a concentration of 100 lg/
mL.

Non-aqueous BGE for NACE experiments were pre-
pared by dissolving ammonium acetate at the concentra-
tion range 10–30 mM in methanol containing 0.5% ace-
tic acid. All the solutions were filtered before use.

2.3 Apparatus

2.3.1 GC-MS equipment and experimental
conditions

A capillary GC-MS-QP2010 (Shimadzu, Kyoto, Japan) with
a DB-5MS capillary column (30 m60.32 mm id, 0.25 lm
film thickness, Agilent Technologies, USA) was used. The
inlet temperature was maintained at 3008C. Tempera-
ture programming was as follows: (i) in scanning mode:
The oven temperature was initially held at 2508C for
2 min, and then programmed to 3008C at 28C/min where
it was held constant for 6 min. (ii) in SIM mode: The oven
temperature was initially held at 1008C for 2 min, and
then programmed to 2808C at 208C/min, and to 3008C at
58C/min, where it was held constant for 6 min. Helium
was used as carrier gas at a constant flow rate of 2.0 mL/
min. The samples were analyzed by GC-MS with the split
injection mode and split ratio of 1:30.

The source and electrodes of the quadrupole mass fil-
ter were both set to 2008C. Ionization was carried out in
electron impact ionization mode at 70 eV. The mass spec-
tra were recorded within 40–500 amu in full scan mode
to collect the total ion current. SIM spectra were recon-
structed at the base peak of the studied analytes (yohim-
bine, mass-to-charge ratio (m/z) 353) and IS (diazepam, m/z
283). Data were collected using the Chemstation soft-
ware. Data analysis was performed using NIST library
(Shimadzu).

2.3.2 CE equipment and experimental conditions

NACE was carried out with a G1600AX CE system coupled
with a diode array detector (Agilent Technologies, Wald-
bronn, Germany). Data were collected and processed by
ChemStationTM software (Agilent Technologies). An
uncoated fused-silica capillary of 50 cm length (41.5 cm
to the detector) and 75 lm id (Agilent Technologies) was
used.
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The analytical procedure of NACE was performed by
employing an electrolyte consisting of 20 mM ammo-
nium acetate in methanol containing 0.5% glacial acetic
acid as running buffer. Samples were injected by apply-
ing a pressure of 50 mbar for 5 s. The system was oper-
ated at 20 kV and 26 lA in the constant voltage mode.
Detection was at 220 nm, and the temperature was set at
258C.

The capillary was conditioned with 1 M NaOH for
20 min followed by 0.1 M NaOH for 5 min and then by
water for 5 min at 258C, prior to use. After each run, the
capillary was washed with 0.1 M NaOH and water for
4 min, respectively, then rinsed with running buffer for
4 min before the next run. Running buffer was changed
after every four injections to achieve high reproducibil-
ity.

2.4 Calibration graphs

2.4.1 GC-MS method

Different volumes over the range 5–500 lL of the stock
solution of yohimbine hydrochloride (about 1.0 mg/mL)
were transferred into vials and evaporated to dryness
under vacuum at ambient temperature. Afterward,
250 lL of diazepam (100 lg/mL) as an IS, and 250 lL of
0.05% glacial acetic acid in methanol were added in each
of the vials. After vortexing, 1 lL of the resulting solution
was injected into the GC-MS. The ratio of reconstructed
peak area of yohimbine in SIM mode (m/z 353) versus that
of IS (diazepam, m/z 283) was plotted against the corre-
sponding concentration of yohimbine hydrochloride
(range 10 –1000 lg/mL) to obtain the calibration graphs.

2.4.2 CE method

Calibration solutions for CE analysis of yohimbine hydro-
chloride were prepared similarly to those for the GC-MS
method. In this case, after addition of 250 lL of berberine
hydrochloride (100 lg/mL) as an IS and 250 lL of 0.05%
glacial acetic acid in methanol, the mixed solutions were
injected into the CE apparatus. Ratios of the peak area
(area to migration time) of analyte to those of IS were
plotted against the corresponding concentrations to
obtain the calibration graphs.

2.5 Sample preparation

The barks were crushed and dried in an oven at 608C for
24 h. Aliquots of 100 mg of powdered bark were
extracted in a volumetric flask with 100.0 mL of metha-
nol under ultrasonication at 508C for 0.5 h. After filtra-
tion (0.45 lm filter), 5.0 mL of methanol extract was
evaporated under vacuum at ambient temperature. The
residue was then dissolved in 250 lL of diazepam or ber-
berine hydrochloride solution and 250 lL of glacial ace-

tic acid (0.05%) in methanol. After shaking and filtration
(0.45 lm filter), the samples were analyzed by CE and GC-
MS, respectively.

3 Results and discussion

In the present work, the main objective was to develop a
CE method, as an alternative/complementary approach
to the chromatographic methods, suitable for reliable
qualitative and quantitative analysis of the major P.
yohimbe alkaloid of biopharmaceutical importance.
Therefore, the study involved the following aspects: (i)
identification of the major alkaloids in barks of P.
yohimbe, (ii) development of a NACE method and (iii)
application of GC-MS and NACE-UV methods to the anal-
ysis of the yohimbine.

3.1 Identification of P. yohimbe alkaloids by
GC-MS

The GC-MS analysis of underivatized alkaloids from P.
yohimbe extracts was performed using a DB-5 MS capillary
column; in Table 1 are reported the GC-MS data and the
compounds of the major alkaloids identified in the
extracts of P. yohimbe. A typical total ion chromatogram
(TIC) of P. yohimbe alkaloids is shown in Fig. 2. The identifi-
cation of alkaloids was obtained by NIST 147 and 27 as
well as of compound, quality, retention times, molecular
weight and relative content with those from literature
data. In Table 1 only the most important alkaloids are
reported, however in P. yohimbe extracts ajmalicine, aspi-
dofractine and corynanthine were also identified at sig-
nificant levels (about 2.16, 1.11 and 0.30%, respectively).
In general the identified components corresponded to
about 95–98% of the total peak area in TICs in Fig 2. As
expected, differences in the GC-MS phytochemical pro-
files of the extracts were observed; in particular yohim-
bine was found as the principal alkaloid in the extracts
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Figure 2. GC-MS total ion chromatogram of the total alka-
loids from P. yohimbe.
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up to 62.26%. b-Yohimbine, was the second major alka-
loid in P. yohimbe, which percentage was 9.33%.

3.2 NACE in analysis of alkaloid from P. yohimbe

In order to provide an alternative approach to the chro-
matographic methods in the analysis of yohimbine from
P. yohimbe extracts, CE was considered for its well known
features such as the high resolution power and small
sample and reagents consumption that make this tech-
nique suitable in the analysis of multicomponent sam-
ples available in small amounts. The CE analysis of alka-
loid from plant extracts is often performed using non-
aqueous solvents; in the present study, the influence of
different parameters that will affect the electrophoretic
separation namely, the type of organic solvent, electro-
lyte concentration, capillary temperature, and applied
voltage were investigated.

3.2.1 NACE optimization

In NACE the separation is strongly affected by the spe-
cific properties of the used organic solvents which can
favorably and significantly change the migration of ana-
lytes and separation selectivity [14, 15]. Non-aqueous buf-
fers based on some organic solvents including methanol,
ethanol, isopropanol, ACN, THF, DMF and formamide
were tested. When ethanol, isopropanol or THF was used,
poor separation and long analysis times were observed
due to the longer EOF attributed to their higher viscos-
ities and lower permittivities of these solvents. Using
ACN, the EOF and migration time of solutes were short-
ened and separation was not satisfactory. DMF and for-
mamide were found to be unsuitable due to their higher

UV background at the wavelength of 220 nm. While sep-
aration efficiency was found to be greatly improved in
methanol-based buffer compared to other buffer systems
[16]. Moreover, methanol is often selected as the princi-
pal constituent of non-aqueous running buffer because it
has a favorable dielectric constant (33.7 at 208C), ability
in intermolecular hydrogen bonds and autoprotolysis.

3.2.1.1 Effect of ammonium acetate and glacial
acetic acid concentration

The effects of the contents of ammonium acetate and gla-
cial acetic acid, as well as applied voltage and capillary
temperature on the migration behavior were also exam-
ined to obtain an optimum separation. As the concentra-
tion of ammonium acetate increased from 10 to
100 mM, the mobilities of all compounds decreased and
some peaks broadened at high concentrations of ammo-
nium acetate. This effect can be ascribed to the electro-
static interactions of the protonized alkaloids with the
acetate co-ion in non-aqueous environment. Further-
more, the analysis time increased with the BGE concen-
tration due to reduction of electroosmosis. Within the
concentration range of 10–30 mM, both the separation
and the current were acceptable (Fig. 3).

The acidity of the electrophoretic medium is also a gov-
erning factor in the separation of ionizable analytes
because it determines the extent of ionization of each
individual analyte. When the concentrations increased
from 0–1.0%, all peaks migrated faster. When the con-
tent of glacial acetic acid was at 0.5%, all peaks were sepa-
rated completely. However, the separation worsened
when acetic acid content was increased to over 1.0% (Fig.
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Table 1. The constituents and relative alkaloid contents in P. yohimbe

NO Ret.time compound Similarity% Formula MW Relative
content

1 12.84 Methyl-3-(3-oxo-1,2,3,5,6,11b-hexahydro-11h-
pyrrolo[2,1-a]-.beta. –carbolin-11b-yl) propionate

60 C18H20N2O3 312 0.93

2 13.79 5-Myristoyl-3-naphthamine 62 C24H35NO 353 3.02
3 14.20 Ajmalicine 82 C21H24N2O3 351 2.16
4 14.53 Aspidofractine 88 C22H26N2O3 366 1.11
5 14.83 Bis[4-(2,5-dimethyl-1-pyrrolyl)phenyl] oxide 85 C24H24N2O 356 1.92
6 14.99 1.alpha. –n-butyl-1.beta.– (2-methoxycarbonyl-

ethyl)-1,2,3,4,6,7,12,12b.beta. –octahydroindo-
lo[2,3-a]quinolizine

82 C23H32N2O2 368 3.74

7 15.22 N,N'-Bis(fluoren-9-ylidene) hydrazine 89 C26H16N2 356 0.37
8 15.77 Corynanthine 91 C21H26N2O3 354 0.30
9 16.77 Yohimbine 90 C21H26N2O3 354 62.26

10 17.16 Yohimban-16-carboxylic acid, 17-hydroxy-,
methyl ester, (16.beta.,17.alpha.)-

92 C21H26N2O3 354 8.61

11 17.83 b-Yohimbine 94 C21H26N2O3 354 9.33
12 18.27 Yohimban-16-carboxylic acid, 17-hydroxy-,

methyl ester, (16.alpha.,17.beta.)-
93 C21H26N2O3 354 6.24
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4). Therefore, 0.5% acetic acid concentration was
selected.

3.2.1.2 Effect of capillary temperature and applied
voltage

The separation of alkaloids was also found to be affected
by the applied voltage and the capillary temperature. As
the voltage increased from 15 to 30 kV, the migration

times of all alkaloids were shortened and the resolution
of peak yohimbine and peak berberine was better at
20 kV. When the capillary temperature varied from 20 to
308C, all peaks migrated faster. By using a combination
of 20 kV and 258C, a significant improvement in peak
symmetry was obtained and these conditions were con-
sidered as the optimum for qualitative and quantitative
analysis.
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Figure 3. Electropherograms of
varying the concentration of
ammonium acetate on mobilities
of alkaloids. Buffer: a. 10 mM; b.
15 mM; c. 20 mM; d. 25 mM; e.
30 mM ammonium acetate,
0.5% glacial acetic acid.

Figure 4. Electropherograms of
varying the concentration of gla-
cial acetic acid on mobilities of
alkaloids. Buffer: 20 mM ammo-
nium acetate, a. 0%; b. 0.25%; c.
0.50%; d. 0.75%; e. 1.00% gla-
cial acetic acid.
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3.3 SIM conditions optimization

To reach higher sensitivity and selectivity, routine sep-
aration of yohimbine was performed by GC-MS in the
SIM mode. Selection of fragments (m/z) for detection
from the mass spectra of compounds was performed fol-
lowing abundance and specificity criteria. The product
ions and quantitation ion are listed in Table 2. Instru-
mental parameters were studied to give the finest sensi-
tivity and mass spectra quality and are presented in Table
2 along with respective product ions used for quantita-
tion.

3.4 Chromatography

Selectivity of GC-MS method was evaluated by compari-
son of the migration time and mass spectrum of yohim-
bine standard with the results obtained in analysis of
extracts from the bark samples. A typical total ion chro-
matogram of yohimbine and IS, diazepam, is shown in
Fig.5(a) as analyzed by GC-MS in the electron impact
mode. The analytes showed sharp and/or well defined
peaks at the retention times of 11.1 and 15.6 min for IS
and yohimbine, respectively. It is obvious that the GC-TIC
and mass-spectrogram can provide the selective ions and
the time program. The GC-SIM chromatograms obtained
for yohimbine standard, diazepam standard and samples
are shown in Fig. 5(b) as analyzed by GC-MS. The presence
of specific fragmentations, such as m/z of 283 and 353,
are shown in Table 2. It is obvious that the GC-SIM
method simplifies the chromatogram very efficiently
and provides a single peak for identification.

Similarly, in NACE analysis the identification of
yohimbine peaks was performed by comparing the reten-
tion times of standard references with those of the peaks
in electropherograms from the extracts. In Fig. 6 the rep-
resentative electropherograms of yohimbine standard, a
real extract from P. yohimbe in optimized NACE condi-
tions and in the presence of berberine hydrochloride as
IS, are reported. Further confirmations of the peak iden-
tity were carried out by spiking experiments and com-
parison of the analyte UV spectra obtained using the
G1600AX CE instrument equipped with a diode array
detector. The peak purity of yohimbine was evaluated by
ChemStationTM software, using the “similarity curve”
technique.

3.5 GC-MS and NACE quantitation of alkaloid in
P. yohimbe

3.5.1 Method validation

The linearity of NACE method was evaluated by berber-
ine hydrochloride as an IS. The ratios of peak areas of ana-
lyte to those of IS versus the related concentrations were
plotted. Similarly for GC-MS analysis, calibration graph
was constructed using the same standard solutions by
plotting yohimbine peak area ratios in SIM mode versus
IS against the related concentrations. The weighted lin-
ear regression equation (mean l SD, N=5) were y =
(1.78 l 0.05)x + (0.043 l 0.011) (r = 0.9991, n=8) by GC-MS
and y = (0.5631 l 0.0254)x + (0.0308 l 0.0011) (r = 0.9996,
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Table 2. Instrumental settings for detection of selected metabolites using GC-MS: Product ions and quantitation ion obtained on
distinct time segments

Metabolites MS-MS segments (min) Product ions and
(relative abundances, %)

Quantitation ion (m/z)

Diazepam 3.00 –12.00 283 (78), 256 (100), 221 (55) 283
Yohimbine 12.00 –21.00 353 (100), 184 (10), 169 (10) 353

Figure 5. GC-MS total ion chromatogram of yohimbine and
diazepam (a), selected ion monitoring chromatograms of
yohimbine and diazepam (b) and sample (c). 1. Diazepam
standard, 2. Yohimbine standard.
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n=8) by NACE; as it can be seen, the two techniques per-
formed shown similarity in terms of linearity, with excel-
lent correlation coefficients, and sensitivity. The LOD of
the method were measured to be up to 0.6 and 1.0 lg/mL,
respectively. A reasonable estimation of LOQ can be pro-
vided by the lowest calibration point (about 10 lg/mL).
The obtained sensitivity can be considered adequate to
the determination of alkaloids from real samples; how-
ever, as shown by the UV spectra reported, under NACE
conditions, enhanced detectability could be achieved at
the wavelength of 220 nm.

Intra and inter-day precision of migration times and
peak areas were evaluated by replicated analysis of stand-
ard solutions in methanol at a concentration level of
about 0.05 mg/mL for each of the analytes. The results
are reported in Table 3; an expected higher reproducibil-
ity was obtained in GC-MS, however, adequate RSD% val-
ues (a2.5%) were obtained under NACE conditions.

The accuracy of the GC-MS method was evaluated by
recovery studies performed on yohimbine at three levels
(spiked at about 20 –70% of the target amount); the

results are reported in Table 4. In NACE method, the
recovery was evaluated for the studied alkaloid (spiked at
50% level of the target); the recoveries were 93.3%
(RSD% = 1.8, n=5) for yohimbine. In general, the mean
recovery was higher than 90% and the obtained RSD%
values (a4.5%) demonstrated the good precision of the
whole analytical method.

3.5.2 Applications

Analysis of real samples was performed on dried pow-
dered barks (100 mg) of P. yohimbe extracted with metha-
nol (100 mL) under optimized conditions. Aliquots of
5.0 mL of the obtained methanol extract were evapo-
rated to dryness under vacuum and the residue was
reconstituted with the solution of IS (diazepam or berber-
ine hydrochloride in methanol). The same analytical
sample was subjected to NACE and GC-MS analyses; rep-
resentative separation profile of P. yohimbe extracts using
both techniques are shown in Figs. 5 and 6, respectively.
The quantitation of the alkaloid was performed using
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Figure 6. Typical electrophero-
grams of blank (a), yohimbine and
berberine standard (b) and sample
solution (c). 1. Berberine standard,
2. Yohimbine standard.

Table 3. Repeatability of retention time and migration time
for yohimbine in GC-MS and NACE

Analyte Time (RSD%) Peak area (RSD%)

Intra-day
(n=5)

Inter-day
(n=15)

Intra-day
(n=5)

Inter-day
(n=15)

YohimbineGC-MS 11.1 (0.03) 15.6 (0.80) 1.4 4.3
YohimbineNACE 3.71 (0.62) 6.61 (1.92) 2.5 3.4

Table 4. Recovery data for yohimbine in P. yohimbe by GC-
MS

Added
amount

Found
(mg)

Recovery
(%)

RSD%

(mg) Intra-day
(n=5)

Inter-day
(n=15)

0.050 0.046 91.2 2.3 3.6
0.100 0.092 92.3 1.4 4.3
0.150 0.141 94.0 1.1 3.5
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the IS method either in NACE and GC-MS; a content of
1.11 mg/100 mg (dried bark) of yohimbine was found
(RSD% = 2.6; n=3) by GC-MS analysis and 1.17 mg/100 mg
(RSD% = 5.2; n=3) by NACE. The results obtained by the
two techniques were comparable as it was estimated by
the Student's t-test at 95% confidence level which indi-
cated no significant difference between the methods.

4 Conclusion

The analysis of yohimbine in P. yohimbe extracts was per-
formed by NACE and GC-MS. The use of non-aqueous run-
ning buffers made CE a fully compatible tool with
respect to GC and the two techniques were applied on
the same extracts obtained with minimal sample prepa-
ration. GC-MS demonstrated to be superior in compari-
son with NACE in terms of efficiency and opportunities
in identification of analytes. Quantitation by NACE was
reliably carried out on yohimbine in bark.

The quantitative determination of pharmacologically
active yohimbine in the barks of P. yohimbe can be a useful
way in controlling the variability of secondary metabo-
lites of P. yohimbe plants. The availability of a suitable GC-
MS method optimized for identification of alkaloids,
prompted us to evaluate its feasibility in quantitative
analysis. NACE can be potentially useful for the analysis
of the considered alkaloid.

Thanks are due to Prof. Langchong, for the helpful supply of the
instrument. This work was supported by the Natural Science
Foundation of affiliated Dongfeng General Hospital (2007ZY039).
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