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Research Highlights

(1) The water-soluble metabolite profile of human mesenchymal stem cells is known, but the lipid
profile remains unclear. This study utilized 9.4T high-resolution nuclear magnetic resonance spec-
troscopy to analyze water- and lipid-soluble metabolite profiles of mesenchymal stem cells.

(2) Nuclear magnetic resonance spectroscopy showed that as low as 0.7 mg organic yield was
ficient to obtain clear resonance peaks, while approximately 6.0 mg water-soluble yield was re-
quired to obtain relatively favorable spectral lines.

(3) The results demonstrate that the efficiency of extracting water- and lipid-soluble fractions is
higher using perchloric acid and methanol-chloroform compared with dual phase extraction.

Abstract

Although the water-soluble metabolite profile of human mesenchymal stem cells is known, the lipid
profile still needs further investigation. In this study, methanol-chloroform was used to extract
pid-soluble metabolites and perchloric acid was used to extract water-soluble metabolites. Fur-
thermore, a dual phase extraction method using methanol-chloroform and water was used to obtain
both water and lipid fractions simultaneously. All metabolite extractions were analyzed on a 9.4T
high-resolution nuclear magnetic resonance spectrometer. Metabolite resonance peaks were as-
signed in the acquired spectra according to the chemical shift, and the extraction efficiency of
ferent methods was compared. Results showed that in the spectra of water-soluble extracts, major
metabolites comprised low molecular weight metabolites, including lactate, acetic acid, fatty acids,
threonine, glutamic acid, creatine, choline and its derivatives, while in the spectra of lipid-soluble
extracts, most metabolites were assigned to fatty acids. Among the different extraction procedures,
perchloric acid was more efficient in extracting water-soluble metabolites and methanol-chloroform
was efficient in extracting organic components compared with the dual phase extraction method.
Nuclear magnetic resonance spectroscopy showed that as low as 0.7 mg organic yield was enough
to obtain clear resonance peaks, while about 6.0 mg water-soluble yield was needed to obtain rela-
tively favorable spectral lines. These results show that the efficiency of extracting water and lipid
fractions is higher using perchloric acid and methanol-chloroform compared with dual phase ex-
traction and that nuclear magnetic resonance spectroscopy is highly sensitive for analyzing li-
pid-soluble extracts.
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INTRODUCTION

Mesenchymal stem cells are pluripotent pro-
genitors that can differentiate into a lineage of
specialized cell types under appropriate cul-
ture conditions™. The observation that stem
cells transplanted into injured or diseased
organs can restore function has provoked
great interest in stem cell study. Human um-
bilical cord-derived mesenchymal stem cells
help to avoid ethical issues and offer great
prospects for regenerative medicine and cell
therapy®®3. To monitor molecular and cellular
changes in mesenchymal stem cells, a full
understanding of its metabolite profile is ne-
cessary. The newly-developed technique of
nuclear magnetic resonance spectroscopy
provides an accurate and non-invasive way to
monitor metabolic changes over time, both in
vivo and in vitro ™. There are two kinds of cell
metabolites based on their solubility and ex-
traction solvents used; water-soluble and li-
pid-soluble metabolites. The water-soluble
metabolite profile of mesenchymal stem cells
has been elucidated; however, little is known
about its lipid-soluble metabolite profile®®. In
studying cell metabolites, cell extraction is an
ideal way for biochemical analysis and quanti-
fication. An optimal extraction method should
be of high efficiency and low variability. The
classic perchloric acid method fulfills this re-
quirement in obtaining water-soluble metabo-
lites, and the methanol-chloroform method
can successfully extract lipid-soluble metabo-
lites®. More recently, Bligh and Dye devel-
oped a dual phase extraction procedure which
can obtain both fractions®*®. The main ad-
vantage of the dual phase extraction proce-
dure is that it enables simultaneous extraction
of lipids and aqueous metabolites from a sin-
gle cell sample, with a high efficiency in ex-
tracting water-soluble metabolites™ 2. How-
ever, it remains unknown whether the dual
phase extraction method is superior in ex-
tracting lipid-soluble metabolites, or whether it
can reduce the quantity of cells required for
extraction to minimize cell culture.

In the present study, we first sought to pro-
vide a more detailed understanding of me-
tabolic profiles by analyzing both water- and

lipid-soluble extracts of human mesen-
chymal stem cells. Second, we compared
the extraction efficiencies of perchloric acid,
methanol-chloroform and the dual phase
extraction methods by calculating the net
wet outputs of different procedures, and we
evaluated the detection sensitivity for
agueous and organic extraction on a
400 MHz nuclear magnetic resonance de-
vice. Our aim is to optimize the extraction
protocol to permit the efficient use of cells in
nuclear magnetic resonance study.

RESULTS

Metabolic profiles of human mesenchymal
stem cells

The metabolite extraction of human me-
senchymal stem cells was divided into
aqueous and organic components, based on
the solubility and extraction solvents used.
The aqueous component was extracted
using perchloric acid and the organic com-
ponent was extracted using metha-
nol-chloroform. Each was analyzed on a
9.4 T nuclear magnetic resonance device,
and 'H-magnetic resonance spectra were
acquired. In the spectra of metabolites for
human mesenchymal stem cells, we as-
signed the main resonance peaks based on
chemical shifts reported in previous stu-
dies™**, and we quantitatively analyzed the
concentration of the main metabolites. The
resonance assignments of the main meta-
bolites and their chemical shifts are shown in
Table 1, and the typical spectra of water-
and lipid-soluble metabolites are shown in
Figures 1 and 2. The absolute concentra-
tions of the main components are shown in
Tables 2 and 3. The aqueous and organic
metabolites of human mesenchymal stem
cells exhibited different spectral properties.
In the water-soluble extract profiles, major
metabolites were assigned to lactic acid,
choline, glutamic acid and some amino ac-
ids. The peak at 1.28 ppm indicates that
unsaturated fatty acid is also present. In the
lipid-soluble extract profiles, the main me-
tabolites were assigned to fatty acids. There
is a sharp and significant peak at 1.28 ppm
in the lipid spectra, whereas the lactic acid
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peak is not visible in the lipid profiles.

Table 1 Major metabolites of human mesenchymal stem
cells in the H-nuclear magnetic resonance spectrum

Metabolite Chemical group Chemical shift (ppm)
Fatty acids —CH, —CH3 0.89
—CH;—(CH2)—CH> 1.28
—CH, —CHs 1.35
—CH,—CH,—CO- 1.58
—CH—CH=CH- 2.02
CH, 2.82
CH 5.34
Lactate —CHs 1.33
Valine y—CHs 0.98
Acetate (CHg) 1.91
Leucine B—CH. 1.71
Methionine B—CH; 2.19
Glutamate —CHs 2.05
y—CH; 2.34
a—CH, 3.75
Glutamine B—CH; 2.13
y—CH; 2.45
o—CH 3.76
Creatine —CHs 3.04
—CH, 3.93
Glucose C4H 3.40
Choline N—(CHzg)s 3.19
B—CH, 3.52
a—CH, 4.06
Phosphocholine N—(CHs3)3 3.20
B—CH, 3.57
a—CH, 4.18
Glyocerphosphocholine  —CH;—N—(CHs)s 3.23
B—CH, 3.67
a—CH, 4.28
Taurine —CH2>-S0O3 3.43
Myo-inositol —CH—(1) 3.53
CH 4.05
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Figure 1 Typical *H-nuclear magnetic resonance
spectrum of the water-soluble metabolites of human
umbilical cord mesenchymal stem cells.

Cell extracts were prepared with perchloric acid (upper)
and dual phase extraction (lower) methods. The
concentrations of fatty acids (FA) and acetate (Ace)
extracted with the perchloric acid method were higher than
those obtained with the dual phase extraction method,
while the concentrations of glutamate (Glu), choline (Cho)
and methionine (Meth) were lower than those obtained
with the dual phase extraction method (with statistical
significance).

Myo: Myo-inositol; Cr: Creatine; Suc: succinate; TMSP:
(trimethylsilyl) propionate acid sodium salt; PCA:
perchloric.

S

Figure 2 Typical *H-nuclear magnetic resonance
spectrum of the lipid-soluble metabolites of human
umbilical cord mesenchymal stem cells.

Cell extracts were prepared using the methanol-
chloroform (upper) and dual phase extraction (lower)
methods. The concentration of glutamate (Glu) extracted
with the dual phase extraction method was higher than
that obtained with the methanol-chloroform method (with
statistical significance).

FA: Fatty acids; TMS: tetramethylsilane; DPE: dual phase
extraction.

Extraction yields of the different methods

Extraction yields of each method were assessed and
recorded. For each procedure, 12 samples were used.
For the water-soluble extracts, 1.0 x 10’ cells from each
sample were used for both the dual phase and perchloric
acid extraction methods. The lipid yield of the dual phase
extraction method was compared with that of the me-
thanol-chloroform procedure, for which 1.5 x 10° cells
per sample were used. The net weight of extraction
yields was calculated in milligrams. Significant differ-
ences in aqueous yields were found between the per-
chloric acid method (9.64 + 0.65 mg) and the dual phase
method (2.95 + 0.35 mg) (P < 0.01). For lipid fractions,
no significant difference was found between the metha-
nol-chloroform method (2.52 + 0.30 mg) and the dual
phase method (2.83 + 0.43 mg; P > 0.05). However,
when taking cell quantity into consideration, the metha-
nol-chloroform method was a more efficient procedure
for extracting lipid metabolites, in that about one-tenth of
the cell number was sufficient to obtain results compa-
rable with the dual phase extraction procedure. For wa-
ter-soluble extracts, the classic perchloric acid method
produced a greater total yield.

Optimal quantities for nuclear magnetic resonance
spectroscopy detection

Different net weights of the various extract yields were
analyzed to explore the optimal net weights for nuclear
magnetic resonance spectrum acquisition. Desirable
spectral lines had clear resonance peaks and a smooth
baseline.
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extraction methods

Table 2 Water-soluble metabolite concentrations (umol/g of yield) obtained using the perchloric acid and dual phase

Method Fatty acid Acetate Glutamate Creatine Methionine Total choline Myo-inositol
(1.28 ppm) (2.91 ppm) (2.05+2.34 ppm) (3.04 ppm) (2.19 ppm) (3.19-3.23 ppm) (3.53 ppm)

Perchloric acid 6 1.99+0.27 2.73+0.31 6.38+2.16 0.10£0.02 0.85+0.24 6.30+0.68 1.46+0.28
Dual phase extraction 4 = 1.89+0.17° 8.41+1.19°  0.13+0.04  1.55+0.48% 8.69+1.29° 3.04+1.21°

samples. “~” indicates data not detectable.

p < 0.05, °P < 0.01, vs. perchloric acid (independent sample t-test). Data are expressed as mean + SD; n represents the number of extraction

extraction methods

Table 3 Lipid-soluble metabolite concentrations (umol/g of yield) obtained using the methanol-chloroform and dual phase

Method Fatty acid Fatty acid Fatty acid Fatty acid Glutamate Glucose
(0.89 ppm) (1.28 ppm) (1.59 ppm) (5.34 ppm) (2.34 ppm) (3.40 ppm)

Methanol-chloroform 1.41+0.25 5.76+0.74 1.96+0.27 0.15+0.02 0.21+0.09 0.68+0.06
Dual phase extraction 1.61+0.10 5.51+0.28 1.62+0.04 0.16+0.04 0.54+0.04% 0.28+0.04

4P < 0.05, vs. methanol-chloroform (Student’s paired t-test). Data are expressed as mean + SD (n = 4); n represents the number of extraction samples.

Results showed that as low as 0.7 mg organic yield was
enough to obtain clear resonance peaks, while more
than 5.0 mg water-soluble yield was needed to obtain
relatively favorable spectral lines (Figures 3, 4). No or-
ganic fractions less than 0.7 mg were further analyzed,
since this extraction yield results from 0.5 x 10° cells,
which can be cultured practically in a 25 cm? flask.

DISCUSSION
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Figure 3  Lipid-soluble metabolic spectra of different net
weights for detection.

A: 3.2 mg; B: 1.5 mg; C: 0.7 mg. The spectral peaks
increase with increasing net weight.
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Figure 4 Water-soluble metabolic spectra of different net
weights for detection.

A: 5.6 mg; B: 3.2 mg; C: 1.4 mg. The spectral peaks
increase with increasing net weight.
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The increased interest in stem cell research has hig-
hlighted the importance of having a thorough under-
standing of metabolite profiles. Metabolites can be di-
vided into aqueous and organic, based on their solubility.
Jacobus identified water-soluble metabolites in murine
embryonic stem cells and neural stem cells in an in vitro
nuclear magnetic resonance spectroscopy study®.
However, few reports have discussed the lipid-soluble
metabolite profiles of stem cells. The lipid profiles, which
reflect the metabolism of the phospholipid bilayer of the
cell membrane and of intracellular lipids, can give more
information on cell physiopathological status™. The
present study is the first to investigate the lipid-soluble
metabolite profile of stem cells. In previous studies, the
fatty acid peak at 1.28 ppm was considered to be a spe-
cific biomarker of neural progenitor cells; however, this
has been disproved by the finding that the 1.28 ppm
peak is also visible in mesenchymal stem cells as well as
non-stem cell lines™®™". In this study, we showed that in
human mesenchymal stem cells, the fatty acid peak can
also be seen in the profiles and is most apparent in the
lipid spectra. The combined analysis of both water- and
lipid-soluble metabolites may provide more comprehen-
sive data for stem cell researchers.

The results from our study showed completely different
characteristics of agueous and organic metabolites with
'H nuclear magnetic resonance spectroscopy. In the
lipid-soluble profile, main metabolites are saturated and
unsaturated fatty acids, while in the water-soluble me-
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tabolite profile, most resonance peaks were assigned to
low molecular weight metabolites, including lactic acid,
acetic acid, succinic acid, glutamic acid, creatine,
myo-inositol, choline and its derivatives. Lactate is the
end product of anaerobic glycolysis and an increased
concentration often indicates hypoxia or ischemia®*?,
Other metabolites representing key cellular functions
include choline, creatine, glutamine and myo-inositol.
Choline and its derivatives, phosphocholine and glyce-
rophosphocholine, are generally considered to be related
to cell membrane metabolism, and changes in their
concentration have often been taken to indicate cell pro-
liferation or growth arrest?*?!, The peak at ~3.04 ppm is
composed of creatine and phosphocreatine, which play
important roles in cellular energy metabolism®?*?, Glu-
tamate is involved in neurotransmission and synthesis in
the central nervous system®. In stem cells, glutamate is
the major respiratory fuel, and decreased concentrations
can induce metabolic stress and make cells susceptible
to infection?®. Myo-inositol has been considered to be a
glial marker and functions as an osmolyte, whereas in
stem cells, myo-inositol is a key precursor of membrane
phosphatidylinositol and myelin sheet structures. In-
creased concentrations may indicate cell membrane
turnover or damage to myelin sheets®®. An in vivo nuc-
lear magnetic resonance spectroscopy investigation,
examining mesenchymal stem cells as they differentiate
into adipocytes, Shi discovered not only an increase in
the concentration of methylene at 1.28 ppm and methyl
at 0.89 ppm, but also a significant decrease in intracel-
lular metabolites, including choline, creatine, glutamate
and myo-inositol™?. This may indicate that these meta-
bolites may also be biomarkers of stem cell differentia-
tion. However, because few reports have examined li-
pid-soluble profiles, the functions of fatty acids in the
lipid-soluble metabolite fraction remain unknown.

By comparing the extraction yields of different methods,
we found that the perchloric acid procedure was more
efficient in generating total aqueous extracts compared
with the dual phase extraction method, and the classic
methanol-chloroform method was efficient in extracting
organic metabolites. Although the dual phase extraction
method is able to obtain both fractions simultaneously
and has the advantage of being a simple procedure, our
results show that its extraction efficiency for either frac-
tion was inferior to perchloric acid or methanol-chloro-
form. Our finding is somewhat inconsistent with the re-
sults of Le Belle and colleagues, who dissolved their
extract in D,O and mainly focused on water-soluble me-
tabolite profiles™!. However, we are strongly in agree-
ment that the dual phase extraction method is superior to

the perchloric acid method in extracting glutamate and
choline-containing compounds. Since metabolites may
have different solubilities in different solvents, the dis-
crepancies between the different methods may result
from differences in the solvents used. However, we cal-
culated the extraction yield using dry net weight rather
than wet weight of protein because macromolecules can
interfere with the detection of small metabolites. In addi-
tion, we quantitatively calculated the metabolite concen-
tration using the ratio of the spectral area to the internal
standard and normalized by dividing by the net weight of
the yield to decrease errors caused by variations in ex-
traction yield.

It was unexpected that nuclear magnetic resonance
spectroscopy could be so sensitive. It was capable of
detecting minor lipid-soluble metabolites, and less than
1 mg extraction yields were enough to obtain good
spectral quality. Most resonance peaks in lipid metabo-
lites were fatty acids. This is due to the high solubility of
these lipids and their high content of hydrogen protons!?®,
As for water-soluble extracts, the detection threshold
was much higher. Although there was no significant dif-
ference between the lipid yields of the metha-
nol-chloroform and the dual phase extraction methods, it
is important to note that the water-soluble fraction sepa-
rated from the dual phase extraction procedure was not
enough to obtain desirable spectral lines. If a greater
water-soluble yield is required from the dual phase ex-
traction method, more cells must be utilized. In contrast,
the perchloric acid and methanol-chloroform methods
can produce good spectra using a smaller number of
cells compared with the dual phase extraction method. In
this regard, we propose a strategy for cell extraction that
is economical in cell usage and labor-saving. When lipid
metabolites are the focus of study, the metha-
nol-chloroform method may be the preferred choice be-
cause only a small quantity of cells is required and be-
cause of the ease of extraction. For water-soluble me-
tabolites, the perchloric acid method may be appropriate
for its high total extraction yield. A combination of the
perchloric acid and methanol-chloroform methods
enables the simultaneous extraction of both aqueous
and organic metabolites from a much smaller quantity of
cells. Although this approach adds additional steps for
cell extraction, it minimizes cell culture and avoids un-
necessary waste. However, it should be noted that the
dual phase extraction method has a higher efficiency in
extracting glutamate and choline-containing components,
and if tissue samples are to be extracted, the dual phase
extraction method may also be preferred since tissue
samples can be frequently obtained more readily.
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In conclusion, we provide a more detailed understanding
of human mesenchymal stem cell metabolic profiles by
combined analysis of both aqueous and organic extracts
using 'H nuclear magnetic resonance spectroscopy.
Furthermore, we propose strategies for selecting the
optimal extraction methods. Because of technical limita-
tions, only one-dimensional spectra were acquired. Our
findings should be confirmed using two-dimensional
spectrum analysis.

MATERIALS AND METHODS

Design
An in vitro comparative study.

Time and setting

The experiments were performed in the Research Center
for Reproductive Medicine of Shantou University Medical
College, China from March to October 2011.

Materials

Mesenchymal stem cells were isolated from Wharton’s
jelly tissue of newborn umbilical cord, and then cultured.
According to the Administrative Regulations on Medical
Institutions published by the State Council of China®?”,
written informed consent was obtained from all parents.

Inclusion criteria: full-term healthy male fetus was born
from caesarean operation with an Apgar score no less
than 9 at 1 and 5 minutes. The exclusion criteria for all
subjects included: mother during pregnancy was older
than 35 years or younger than 20; mother has any psy-
chiatric illness (including bipolar disorder, schizophrenia,
dementia, alcohol or drug abuse or dependence) or
presence of any physical illness (including hypertension,
ischemic heart disease, diabetes, Cushing’s disease or
obesity).

Methods

Culture of human mesenchymal stem cells
Mesenchymal stem cells were isolated from Wharton’s
jelly tissue and cultured according to previous reports
with some modifications. After dissection from the pla-
centa®>*! fresh umbilical cord was obtained in the op-
erating room and stored in serum-free low-glucose Dul-
becco’s modified Eagle’s medium (Gibco, Gaithersburg,
MD, USA) before processing and carried to the labora-
tory as soon as possible. After removal of blood vessels,
the mesenchymal tissue was carefully dissected from
Wharton’s jelly with a scalpel and washed in PBS for 3
minutes. The harvested tissues were then mechanically
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cut into 1 mm® pieces and placed in 75-cm? culture flasks
(Corning, Steuben County, NY, USA). Finally, the tissues
were cultured in F12-Dulbecco’s modified Eagle’s me-
dium supplemented with 10% fetal bovine serum (Hyc-
lone, Logan, UT, USA) and stored in a 37°C incubator
under 5% CO, (Thermo Fisher Scientific, Boston, USA).
After 1 week, fibroblast-like cells were visible around the
tissue. When they reached 70-80% confluence, the cells
were trypsinized and transferred to new flasks for ex-
pansion. Culture medium was changed every 3 days.
Identification by immunophenotyping and determination
of differentiation capacities are described in our previous
workP#®1 All cells used were at passage 4.

Different methods for extracting cell metabolites
Perchloric acid method for extracting water-soluble me-
tabolites: The water-soluble metabolites were extracted
according to previous reports with some modifications'®.
After removing the culture medium, culture flasks were
washed twice with cold PBS and cells were scraped with a
rubber policeman. Approximately 1 x 10’ cells from each
sample were collected and centrifuged at 2 000 r/min
(Eppendorf, Hamburg, Germany) for 10 minutes at room
temperature, and the clear supernatant was discarded.
To each tube, 3 mL ice-cold 4% perchloric acid was
added. The mixture was sonicated on an ice bath for
5 minutes (BILON99-11DL Instruments, BiLang Compa-
ny, Shanghai, China) and then centrifuged at 13
000 r/min for 20 minutes at 0°C (Eppendorf). The su-
pernatant was carefully separated and neutralized with 1
mol/L KOH. The precipitated salt was removed by cen-
trifugation. The clear supernatant was collected in a 5-mL
centrifuge tube and placed in a low-pressure lyophilizer
(LYO-8, Tofflon, Shanghai, China) for 48 hours until all
fluid had evaporated and only a dry powder was left. The
dried sample was then weighed carefully and the data
were recorded. Every sample was weighed three times
and an average was obtained. The net weights of the
extracts were expressed in milligrams. All samples were
then stored at —20°C before nuclear magnetic resonance
analysis.

Methanol-chloroform method for extracting lipid-soluble
metabolites: Lipid-soluble metabolites were extracted
as by Folch, with slight modification™. Briefly, 1.5 x 10°
cells from each sample were collected and centrifuged.
After discarding the supernatant, 1 mL ice-cold metha-
nol was added to each tube and the mixture was vigo-
rously vibrated for 1 minute. After a 15-minute incuba-
tion in the first solvent, 2 mL ice-cold chloroform and
0.5 mL 0.9% saline solution were added to each sample;
the final ratio of chloroform/methanol was 2:1 (v/v). The
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mixed solvents were left overnight at 4°C for phase
separation. The lower chloroform phase, which con-
tained the lipid-soluble metabolites, was carefully se-
parated and dried under a nitrogen stream. The dried
sample was weighed and then stored at —20°C until
nuclear magnetic resonance spectroscopy (400 MHz;
Bruker Avance, Switzerland).

Dual-phase extraction method for extracting both me-
tabolites: The dual-phase extraction was performed
according to Bligh and Dye with some modifications®*".
Approximately 1 x 107 cells from each sample were
collected and centrifuged. Then, 1.5 mL ice-cold me-
thanol and chloroform in a ratio of 2:1 (v/v) were added
to the cell pellets, and the mixture was sonicated for 5
minutes. Then another 1.5 mL chloroform and distilled
water in a ratio of 1:2 (v/v) was added to the first solvent
to form an emulsion. The solvents were centrifuged at
13 000 r/min (0°C, 20 minutes) for phase separation.
Aqueous metabolites-containing upper phase (metha-
nol and water) was carefully separated from the lower
chloroform phase, which contained the organic meta-
bolites. The water phase was lyophilized, while the lipid
fraction was dried under a nitrogen stream. The dried
sample was weighed and then stored at —20°C until
nuclear magnetic resonance spectroscopy (400 MHz,
Bruker Avance).

Analysis of cell extracts using "H nuclear magnetic
resonance spectroscopy

'H nuclear magnetic resonance spectra were acquired
on a high-resolution nuclear magnetic resonance spec-
troscopy system (400 MHz; Bruker Avance). The lyophi-
lized aqueous powder was dissolved in 0.5 mL DO, in
which a known amount of 3-trimethylsilyl propionic ac-
id-d4 sodium salt was added as an internal standard.
The organic samples were dissolved in 0.5 mL CDCl; in
which tetramethylsilane was added as internal standard.
All samples were transferred into 5-mm nuclear magnetic
resonance test tubes. One-dimensional 'H nuclear
magnetic resonance spectra were acquired using the
ZGPR sequence. Parameters used were: sweep width =
5 kHz, TR = 20 seconds, number of scans = 64 and data
points = 32 K. Original data were pre-processed with
Fourier transformation, phase correction and baseline
correction, and then outputted. The peak areas of main
metabolites were calculated by integration using Me-
strec4.7 software (incorporated in the Bruker nuclear
magnetic resonance system). Individual metabolites
were assigned according to chemical shifts and the ab-
solute concentration of main metabolites were calculated
by the ratio of spectral area to the internal standard and

corrected according to proton numbers contributing to
the resonances according to the following formula®":
Cim=9 X (In/Nm) X Crusportms X VI(ltmsportms X W). Cry =
metabolite concentration, |, = the integral value of the
resonance peak of interest, N, = the number of protons
of the metabolites, Cyysp or Tus = the concentration and
V = the volume of the internal standard added, ltysp orTms =
the integral value of the internal standard and W = the
net weight of the dried extract.

Statistical analysis

The net weights of the extracts were expressed in milli-
grams, and the final metabolite concentrations were ex-
pressed as mol/g. Data were expressed as mean = SD
and the statistical significance level was P < 0.05 using
independent sample t-test analyzed by SPSS 17.0 soft-
ware (SPSS, Chicago, IL, USA).
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