Front. Chem. China 2008, 3(3): 262-266
DOI 10.1007/s11458-008-0063-7

RESEARCH ARTICLE

Yuhua ZHANG, Heping ZENG, Dongfeng CHEN

Effect of fatty acid methyl esters from plastrum testudinis on
proliferation of rat bone mesenchymal stem cells

© Higher Education Press and Springer-Verlag 2008

Abstract The ointment of plastrum testudinis was
extracted using petroleum cther, ether and dichloro-
methane sequentially and the extracts were methyl-esteri-
fied. The effects on the proliferation of bone marrow
mesenchymal stem cells (bMMSCs) were examined by
MTT][3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazo-
lium bromide] assay and flow cytometry analysis. The
volatile components of the samples were studied by gas
chromatography-mass spectrometry (GC-MS) and high
performance liquid chromatography (HPLC). The results
show that the methyl-esterified parts can promote the
proliferation of stem cells and they all contain palmitic
acid methyl ester. Palmitic acid methyl ester can promote
proliferation when the concentration was 0.15 pg/uL. It
may be concluded that the palmitic acid methyl ester is
important for the methyl-esterified parts that have effects
on proliferation.

Keywords plastrum testudinis, stem cell, proliferation,
fatty acid, methyl esterify

1 Introduction

Plastrum testudinis, a valuable traditional Chinese medi-
cine derived from the breastplate of Chinemys reevesii
(Gray), show effects on the proliferation and differenti-
ation of stem cells. For instance, the ointment extracted
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from plastrum testudinis can promote the proliferation of
bone marrow mesenchymal stem cells (b MMSCs) in vitro
[1], promote the proliferation of neural stem cell following
spinal cord injury and focal cerebral ischemic reperfusion
of rats [2-4], promote bMMSC:s to differentiate into neu-
rons after they were transplanted [5] and also induce
bMMSCs of adult rats to differentiate into neuron-like
cells in vitro [6]. They are also capable of inducing the
differentiation of bMMSCs into osteoblasts after a longer
time [7]. Plastrum testudinis can promote proliferation of
bMMSCs but not excessively which can enable mankind
to open new paths for overcoming intractable problems,
protecting health and extending life.

The purpose of this study was to investigate the com-
pounds present in the plastrum testudinis ointment which
were responsible for the proliferation effects on bMMSCs
in vitro. Supposedly, the methyl-esterified parts can pro-
mote the proliferation of bMMSCs. For these reasons, the
ointment of plastrum testudinis was extracted by pet-
roleum ether, ether and dichloromethane sequentially
and then the extracts were esterified to their methylate.
The effects on the proliferation of bMMSCs were exam-
ined by MTT assay and flow cytometry analysis. The
components of the samples were analyzed by GC-MS
and HPLC.

2 Experiment
2.1 Equipment and materials

GC-MS analyses were performed on a Trace DSQ gas
chromatography-mass spectrometry (United States
Finnigan INC). A Summit 680 liquid chromatography
equipped with a UV detector (United States Dionex)
and an EPICS XL-MCL flow cytometry instrument
(United States COULTER) were also used. Palmitic
methyl ester, palmitic ethyl ester, stearic methyl ester, ste-
aric ethyl ester, cholesterol, 4-cholesten-3-one were pur-
chased from Tokyo Chemical Industry Co., Ltd. Other
reagents were of analytical grade. The ointment of plas-
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trum testudinis was provided by Guangzhou Universityof 3 Results and discussion

Traditional Chinese Medicine.
2.2 Preparation of methyl-esterified samples

Two g of the ointment of plastrum testudinis was refluxed
for 24 h under 250 mL of petroleum ether, ether and
dichloromethane sequentially. The extract was dried
under reduced pressure in a rotary evaporator. As in a
previous study [8], anhydrous methanol containing 5%
HCI 10 mL was added to the extract. The mixture was
then refluxed for 2.5 h.. After the reaction was complete,
40 mL of water was added. The solution was extracted
three times using dichloromethane (20 mL 15 mL,
15 mL) and the extracts were pooled. After the dichloro-
methane had evaporated, extraction using petroleum
ether, ethyl ether and dichloromethane were done sequen-
tially and the three samples were marked as Z-4, Z-5, Z-6.
Thirty mg of the methyl-esterified samples was used for
detection of rat bMMSCs bioactivity in vitro, 10 mg dis-
solved in dichloromethane was analyzed by GC-MS and
10 mg dissolved in acetonitrile was analyzed by HPLC.

2.3 Experimental conditions

2.3.1 GC-MS system

The GC-MS analysis was performed on a Finnigan Trace
gas chromatograph equipped with mass-selective
detector. A DB-5 MS fused-silica capillary column
(30 m x 0.25 mm i.d.) was employed for separation.
Electron impact mass spectra were recorded at 70 eV.
Ultra-high purity (99.999%) helium was used as the carrier
gas at a flow rate of 1 mL/min. The injector and detector
temperatures were set at 280°C. The injection volume was
10 pL and all the injections were performed in a split ratio
of 1:10. The initial column temperature was 60°C and then
was increased to 280°C at a rate of 8°C/min. It was then
maintained at 280°C for 20 min. Data analyses were per-
formed and controlled using Xcalibur software.

2.3.2 HPLC system

For HPLC analysis, a Supelco RP C-18 (15 cm x 4.6 mm)
column was used on a Dionex INC Summit 680 HPLC
equipped with a Dionex UVD detector.

The samples were analyzed by gradient elution at
210 nm. A combination of acetonitrile and water was used
as the mobile phase (V/V = 80/20 at 0 min to 100% acet-
onitrile in 2 min) at a flow rate of 1.0 mL/min for 15 min.
The flow rate was increased to 2.0 mL/min after
15 minutes.

The effects on the proliferation of bMMSCs were exam-
ined by MTT assay. The data was representative of X+
and was analyzed by SPSS. The results of MTT were
verified by flow cytometry tests.

3.1 BMMSCs activity by MTT assay

The data of bMMSCs activity measured by the MTT assay
is shown in Fig. 1. The abscissa represents the samples and
their concentrations. For example, “Z-4-0.75” means that
the concentration of the Z-4 sample is 0.75 pg/uL. The
results showed that Z-4 and Z-6 can promote proliferation
of bMMSCs compared with control group (p <0.05). The
data for Z-5 is not available because the cells were contami-
nated during the testing process. The data of bMMSCs
activity of Z-5 are shown in Fig. 2 and the results indicate
that Z-5 can promote the proliferation of bMMSCs when
the concentration is 0.09 pg/uL.
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Fig. 1 Determination of bone marrow mesenchymal stem

cells (-MMSCs) activity in sample by 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay

3.2 BMMSCs activity by flow cytometry analysis

In order to verify the results of the MTT assay, Z-4
samples were selected for the flow cytometry tests.
The effects on the activity of bMMSCs are shown in
Fig. 2 and Fig. 3. The concentration of bFGF group is
20 ng/mL while the concentration of the Z-4 and Z-5
sample group is 0.09 pg/puL. The PI values of Z-4 and
Z-5 sample group were lower than the bFGF group,

proliferative index PI

control BFGF 7-4 Z-5

Fig. 2 Effect of different sample on the proliferation index
(PI) of activity
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Fig. 3 Determination of bMMSCs activity by flow cytometry
(a) Control group, (b) bFGF group, (c) Z-4, (d) Z-5

but higher than the control group. The differences are
found to be statistically significant. This indicates that
Z-4 and Z-5 can promote proliferation of bMMSCs
when their concentration is 0.09 pg/pL. This result
was compatible with MTT assay.

3.3  GC-MS analysis

Under GC-MS experimental conditions, the three sam-
ples were analyzed to obtain the total ion current chroma-
tograms and mass spectrometry by scanning each
chromatographic peak. By comparing the spectra with
those found in the Mass Spectrum Databases, the main
components were identified and the relative percentages
of the components were calculated by peak area normal-
ization. Results show that fatty acid methyl esters are the
main components of the three samples (Table 1).

The GC-MS result showed that the three methyl-esteri-
fied samples contain high levels of palmitic acid methyl
ester, octadec-9-ecoic acid methyl ester and stearic acid
methyl ester.

Fatty acids can be methyl esterified by many methods.
The most commonly used reagents are acidified methanol
and 12%-14% (WI/V) BF3z-methyl methanol solution.
However, when BF;-methanol solution or concentrated
H,SO4-methyl alcohol solution are used, polyunsaturated
fatty acids easily decompose. In order to prevent the
destruction of unsaturated fatty acids, we used anhydrous
methanol which contain 5% HCl and refluxed the reaction
mixture for 2.5 h in a water bath [§].

3.4 HPLC analysis

Based on the GC-MS, nine compounds were chosen as
standards. These included palmitic methyl ester (S-1), pal-
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Table 1 Chemical components of Z-4, Z-5 and Z-6

sample methyl ester compound molecular formula molecular weight content/%

Z-4 tetradecanoic acid methyl ester C,5H300, 242 1.35
pentadecanoic acid methyl ester C6H3,0, 256 0.27
hexadec-9-enoic acid methyl ester C7H3,0, 268 3.12
hexadecanoic acid methyl ester C7H340, 270 39.97
hexadecanoic acid methyl ester Ci3H360, 284 0.61
octadec-9-enoic acid methyl ester CoH360, 296 33.40
octadecanoic acid methyl ester C1oH350, 298 16.74
octadeca-9,12-dienoic acid methyl ester CoH340, 294 0.78
11-eicosenoic acid, methyl ester C51Hy400, 324 1.04
icosanoic acid methyl ester C,1H40, 326 0.56
tetracosanoic acid methyl ester C,5H500, 382 0.33

Z-5 nonanedioic acid, dimethyl ester C11H»004 216 0.18
tetracosanoic acid methyl ester C;5H300, 242 0.85
hexadec-9-enoic acid methyl ester C,7H3,0, 268 1.40
hexadecanoic acid methyl ester C17H340, 270 39.77
octadec-9-enoic acid methyl ester CoH360, 296 29.76
octadecanoic acid methyl ester C9oH350, 298 19.56
octadeca-9,12-dienoic acid methyl ester C9H340, 294 1.21
icosanoic acid methyl ester C,1H405 326 0.76

Z-6 tetracosanoic acid methyl ester C5sH300, 242 2.21
hexadecanoic acid methyl ester C7H340, 270 27.45
octadec-9-enoic acid methyl ester CoH360, 296 17.00
octadecanoic acid methyl ester C9oH350, 298 12.04
icosanoic acid methyl ester C,1H405 326 3.56

mitic ethyl ester (S-3), stearic methyl ester (S-4), stearic
ethyl ester (S-6), cholesterol (S-7) and 4-cholesten-3-one
(S-9). We used HPLC to identify some components. Three
methyl-esterified parts all contained palmitic acid methyl
ester. This was consistent with the result of the GC-MS as
shown in Fig. 4 and Fig. 5.

Under the HPLC conditions used, the peaks for the
methyl ester and the ethyl ester were well resolved while
the peaks for cholesterol and 4-cholesten-3-one were
poorly resolved and the peak shape was bad. The samples
did not exhibit good separation under the conditions used
and some peaks are poorly resolved

3.5 The relation of chemical components and effects on
the proliferation of bMMSCs

The results of GC-MS and HPLC showed that three
methyl-esterified parts all contained palmitic acid methyl
ester. Palmitic acid methyl ester can promote proliferation
of bMMSCs when the concentration is 0.15 pg/pL while it
showed inhibitive ability at high concentration. Figure 6
shows that palmitic acid methyl ester has significant
effects on proliferation in the three methyl esterified sam-
ples. We combined the standard compounds according to
a fixed proportion and discovered that mixed samples
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Fig. 4 High performance liquid chromatogram of four criteria
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Fig. 5 High performance liquid chromatograms of Z-4, Z-5 and Z-6

have a more significant effect on the proliferation of
bMMSCs than a single compound. The results offer
new insight into the active chemical substances present
in traditional Chinese medicine.
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Fig. 6 Determination of bone marrow mesenchymal stem
cells (bOMMSCs) activity of criterion by -(4,5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay

4 Conclusions

The primary results showed that palmitic acid methyl
ester is important for the effect of the methyl-esterified
parts of extracts of the ointment of plastrum testudinis
on the proliferation of bMMSCs. The effect on prolifera-
tion is not the result of a single isolated molecule but of the
cooperation of several molecules. This provides important
reference for studies on traditional Chinese medicine and
their effect on stem cells.
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