positive control. ICsy of the Lam Binh samples
ranged from 36.48 to 49.79 ng/mL while the data
for marketed samples varied between 41.21 and
54.07 pg/mL. No significant difference between
the NO inhibitions of the two sampling groups
could be observed (p > 0.05). The MTT assay
indicated that all of the extracts had no
cytotoxicity to the cells (data not shown).

4. Conclusion

Results of chemicals quantification and
bioassays indicated that A. sylvestris leaves had a
number of secondary metabolites with considerable
free radical-scavenging and anti-inflammatory
effects. The A. sylvestris samples from the Lam
Binh have the phenolics, and flavonoids contents at
12.61 - 18.96 mg GAE/g and 7.85 - 13.27 mg
QE/g, respectively, which were significantly higher

than those of current commercial samples in the
market. Meanwhile, tannins and alkaloid contents
of the Lam Binh A. sylvestris samples leaves were
at 2.54% - 3.94% and 1.39 - 3.94 mg/g,
respectively, which were similar to the marketed
samples. The DPPH radical-scavenging activity of
A. sylvestris leaves extracts was deeply affected by
phenolics and flavonoids contents while the anti-
inflammatory composition of the plant should be
further investigated. These could be promising
results for the further development of A. sylvestris
cultivation in the region.
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Summary

Quantitative Determination of Mimosine in the Medicinal Herb Mimosa pudica Mimosaceae by HPLC-PDA

An HPLC method was proposed for quantification of mimosine in the aerial parts of Mimosa pudica. The

chromatography was established as: using the Cy5 (250 mm x 4.6 mm, 5 pm) column; the PDA detector was set at 275 nm;
the mobile phase consisted of methanol and pH 2.0 buffer with ion-pairing agent sodium hexane-1-sulfonate, gradient
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elution; flow rate was 1 mL/min; the column temperature was set at 35°C; injection volume was 20 pL. The method was
validated for the system suitability (RSD of peak area = 1.18%; RSD of tz = 0.03%); specificity; linearity ranging from 0.5 -
20.0 pg/mL (R* = 1), precision (RSD < 3.0%) and accuracy (recovery: 92.43% - 98.11%). As for practical application, the
tested samples showed the content of mimosine ranging from 64.5 pg/g to 363.1 ng/g, on dried basis.

Keywords: Mimosine, Mimosa pudica, Specification, HPLC-PDA.

1. Introduction

Sensitive  plant  (Mimosa  pudica L.,
Mimosaceae) has long been used in traditional
medicine for sedative, hypnotic, anxiolytic and
treatment of bronchitis, acute conjunctivitis,
hepatitis, small bowel inflammation, urinary
stones, rheumatism, paralysis, high blood
pressure [1]. Currently, there are several
medicinal products in the market that contain it.
However, the latest edition (5") of the
Vietnamese Pharmacopoeia does not include the
monograph M. pudica [2]. The presence of
mimosine, a non-protein amino acid, is exclusive
to M. pudica and some species of Leucaena [3].
There are some reports of mimosine quantitation
in M. pudica by RP-TLC, LC-MS but very few
works using HPLC-PDA [4],[5],[6]. In order to
control and improve the quality of the herb in the
market, we develop a quantitative method for the
determination of mimosine in this plant.

O
HO
= N/\‘)]\OH
pZ NH,

Fig. 1. Chemical structure of L-mimosine

2. Materials and methods

2.1. Materials

The aerial parts of Mimosa (Mimosa pudica
L.) were provided by the Hospital of
Traditional Medicine in Ho Chi Minh City and
was identified by DNA barcoding at the
University of Natural Sciences, Vietnam
National University, Ho Chi Minh City.
Homogenize the sample by grinding it into a
powder, passing it through a 355 sieve.

Four sample batch numbers were coded to
analysis: VINC_ XH 0108022022, VINC_XH
020802022, VINC_XH 0109022022, VINC_XH
0209022022.

2.2. Chemicals, apparatus

Standards: L-mimosine (98.0%) from Aladdin
(Shanghai, China; CAS: 500-44-7, Lot. D2102244).

hydrochloric acid fuming 37%, ortho-phosphoric
acid 85% (Merck, Germany), distilled water.

Apparatus: an HPLC system (Shimadzu,
Japan, model: LC-2030C 3D plus) was equipped
with high-pressure pumps, an autosampler, a
PDA detector, a column Shim-pack GIST Ci
(250 x 4.6 mm; 5 um), and a precolumn C;3 (10
x 4.6 mm; 5 um) (Shimadzu, Japan); pH meter
Lab 865 (SI analytics, Germany); analytical
balance XP26, 0.001 mg readability and MS204,
0.1 mg readability (Mettler Toledo, Switzerland),
ultrasonic bath (Elma, Germany), drying oven
UNS55 (Memmert, Germany), water bath WNB
14 (Memmert, Germany) and other analytical
grade apparatus.

2.3. Methods

Sample preparation: Select the sample
preparation method so that the content of
mimosine is the highest (greatest extraction
efficiency). Sample preparation factors were
investigated  including: Extraction solvents
(water, 0.2 N hydrochloric acid, ethanol 50%),
apparatus (sonication at room temperature and 50
°C, on water bath at 50 °C), extraction duration
(10, 20 and 30 minutes), number of extraction
times (one, two times), ratioof the mass of
the sample to the volume of the solvent (1:15;
1:20 and 1:25) g/ml.

Chromatographic condition: The
chromatographic condition was investigated to
separate the mimosine peak from other peaks on the
chromatogram and achieve chromatographic purity.

Validation: The procedure is validated
according to ICH guidelines: system suitability,
specificity, linearity range, accuracy, precision,
limit of detection, and limit of quantitation [7].

Application on real samples: Use the validated
procedure to quantify mimosine content in sensitive
plants (M. pudica) from different sources.

3. Results

3.1. Sample preparation

The results are presented in Table 1. From the
investigation results, the sample preparation
procedure was selected as follows:

Weigh 400 mg of medicinal herbs (355), wet
the sample with a minimum amount (about 1.0
ml) of ethanol 50% (due to the light density,
difficult permeability nature), add 7 ml of 0.2 N

Reagents,  solvents:  methanol, ethanol,
acetonitrile, sodium hexane-1-sulfonate,
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HCI solution, sonicate for 20 mins at room
temperature. Transfer the extract to a 20 ml
volumetric flask, continue to extract the

medicinal herbs with 8 ml of 0.2 N HCI solution.
Combine the extracts, rinse, and make up to the
mark with 0.2 N HCI solution.

Table 1. Sample preparation method investigation results

Extraction solvents Water HC10.2 N Ethanol 50%

Mimosine content (pLg/g) 102.9 118.1 12.2

Apparatus Sonication Sonication at 50 °C Waterbath at 50 °C

Mimosine content (LLg/g) 118.1 112.3 97.5

Sample:solvent ratio 1:15 1:20 1:25

Mimosine content (ug/g) 93.1 118.1 103.6

Duration 10 min 20 min 30 min

Mimosine content (Lg/g) 110.6 118.1 99.6

Number of extractions One time Two times

Mimosine content (ng/g) 118.1 125.6

3.2.  Optimization of mobile phase The results showed that condition III has the

composition greatest separation efficiency within 25 minutes.

The mobile phase condition optimization and
chromatogram are presented in Table 2 and Fig.
2, respectively.

Table 2. Investigated mobile phase conditions

Condition Elution program
I Methanol - pH 2.0 buffer (10:90)
I Acetonitrile - pH 2.0 buffer (10:90)
As below in Procedure (selected
11 o
condition)

mAU

PDA Multi 1 275nm, 4

U I \
B v‘_& |2 'V A UV R . N
\l
0.0 5 50 75 100 123 150 175
Condition II
L4 PDA Multi 2 275am, dnm{
10+ ;
|
I ] ]
T ] I I
“' ML\F\"/‘“ f'j\ H i[l j‘\
/ L WAAL | N A
o -
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Condition III

Fig. 2. Investigated chromatogram of sample solution

In condition II, the mimosine peak eluted early
but did not have the necessary separation
performance. In condition I, the mimosine peak
was broadened and there may be many
compounds existing in matrix did not elute
within the analysis time. Therefore, it was
selected as the mobile phase in our procedure.

3.3. Procedure

Reference solution: dissolve 2.5 mg of
mimosine standard in 0.2 N hydrochloric acid
and dilute to 20 ml with the same solvent. Dilute
2 ml of the above solution to 100 ml with 0.2 N
hydrochloric acid, filter through a 0.22 pm filter.
The resulting solution has a concentration of 2.5
pug/ml mimosine.

Test solution: weigh 400 mg of herbal sample
powder (determined humidity), wet the sample
with a minimum amount of ethanol 50% (about
1.0 ml), add 7 ml of 0.2 N HCI solution, sonicate
for 20 min at room temperature. Transfer the
extract to a 20 ml volumetric flask, continue to
extract the medicinal herbs with 8 ml of 0.2 N
HCI solution. Combine the extracts, rinse, and
make up to the mark with HCl 0.2 N solution.
Filter through a membrane filter with a pore size
not exceeding 0.22 pm.

Chromatographic system: the liquid
chromatography was equipped with a PDA
photometer (wavelength at 275 nm) and a C, column
(250%4.6 mm; 5 um), the flow rate was 1.0 ml/min.
Column temperature was maintained at 35°C.

Mobile phase: gradient conditions as
mentioned in Table 3

Mobile phase A: dissolved 4.0 g sodium
hexane-1-sulfonate in 800 ml water, adjusted to
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pH 2.0 with ortho-phosphoric acid (5 ml), diluted
to 1000 ml with water.
Mobile phase B: methanol.

Table 3. Gradient conditions

Time (minutes)  Mobile phase A (%) | Mobile phase B (%)
0 90 10
10 90 10
11 75 25
20 75 25
21 90 10
25 90 10

Procedure: inject 20 pl of each of reference
solution, and test solution. The content of
mimosine (pg/g) in the herbal medicine was
calculated by the formula:

Si: area of the peak due to mimosine in the
chromatogram obtained with the test solution

S.: area of the peak due to mimosine in the
chromatogram obtained with the reference
solution

m;: mass of the herbal drug to be examined
used to prepare the test solution, in grams
(equivalent to dried material);

C: mimosine concentration in reference
solution (png/ml) (including mimosine content in
reference standard)

3.4. Method validation

System suitability

The results was presented in Table 4. Retention
time, peak area of six replicates have RSD% < 2%.
Other parameters such as tailing factor, number of
theoretical plates all meet requirements.

Xt = 5, XxC x20
S, X m,
Table 4. System suitability parameters
No. tr (min) Area (mAU.s) Ag N
(RSD% <2,0) (RSD% < 2,0) (0,8-1,5) (>2000)
1 17.935 130688 1.059 86555
2 17.927 133584 1.067 86771
3 17.930 133554 1.065 87634
4 17.921 133901 1.062 87647
5 17.925 131770 1.065 88407
6 17.923 130417 1.051 89147
Average 17.927 132319
RSD% 0.03 1.18
Specificity peak in the standard sample. When mimosine

The results from Fig. 3 showed that in the
chromatogram of the blank sample (HC1 0.2 N)
no peak occurred at the retention time
corresponding to the retention time of the
mimosine peak in the reference sample. The
chromatogram of the test sample has a peak with
a retention time corresponding to the mimosine

standard was added to the test sample, the height
and area of the mimosine peak increased
significantly. The UV spectrum obtained from
the mimosine peak in the chromatogram of the
test sample was consistent with mimosine UV
spectrum in the chromatogram of the reference.

- — :
275nm,4nm
1221110 STD Mirfosine 10 ppm-6.lcd PDA Ch2-275nm,4nm
221115 Mimosirfe Xau ho Repeat 1.lcd PDA Ch2-275nm,4nm
200221115 N ine Xau ho Recovery 120% -1.lcd PDA Ch2-275nm4nm
150-]
100 ‘A
50 t
0 —
-50 T
——— T T 1T — T — — T T T T T —T — —
0.0 25 5.0 75 10.0 125 15.0 175 20.0 225 min

Up to down: spiking solution, sample solution, reference solution, blank.

Fig. 3. Chromatogram of specificity validation
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Fig. 4. UV spectrum overlay

Linear range and calibration curve:

The linear range (0.5 pg/ml - 20.0 pg/ml)
validation results were presented in Fig. 5. There
was a strong correlation between peak area and
mimosine concentration with R* = 1.0000.
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Fig. 5. Calibration curve of mimosine

Repeatability and intermediate precision

The results of the repeatability and
intermediate precision study were presented in
Table 5. The average content of mimosine is
125.7 pg/g and the RSD is lower than 3.0%. The
procedure meets AOAC’s requirements of
repeatability and intermediate precision. The
result also showed the stability content of
mimosine in the sample.

Table 5. Precision study by the proposed procedure

Mimosine content
No. (ng/g) On dried basis
Day 1 Day 2
1 124.9 127.4
2 1254 125.4
3 127.3 124.7 Average: 125.7
4 121.3 126.3 (ng/g)
5 126.9 124.3 RSD: 1.42%
6 127.8 126.0
Average 125.6 125.7
RSD% 1.90 0.92

Accuracy

The mimosine standard was added in the test
sample at three levels. The results were presented
in Table 6. The recovery of mimosine in Mimosa
pudica meets AOAC’s requirements at three
levels. RSD of mimosine’s recovery from each
level was lower than 3.0% [4].

Table 6. Recovery study of mimosine by the proposed

procedure
Mimosine Recovery Average (%)
amount added (%) RSD (%)
(ng)
96.01
10.95 92.43 Avgga]%ez_l 994401
93.59 ’
26.20 Average = 95.09
2191 96.02 RSD = 1.86
93.06 '
96.28
Average = 97.27
32.86 g;-‘l‘? RSD = 0.95

Limit of detection (LOD), limit of quantitation
(LOY)

The LOD and LOQ of the method were
performed by diluting the test solution to the
concentration that give the minimum signal to
noise (S/N) 3 and 10, respectively. The result
showed that LOD is 0.1 pg/ml and LOQ is 0.25
pg/ml. Those also mean that the LOD and LOQ
of the method calculated on sample weight is 5.0
png/gand 12.5 ng/g, respectively.

3.5. Real samples analysis

Analytical results from different sources
(Table 8) showed that the mimosine content
was in the range of 64.5 png/g - 363.1 ug/g, on
dried basis.

Table 8. Analytical results from different sources

Sample no. Mimosine content
Avg. = SD (ng/g, n = 3)
1 363.1 +2.1
2 64.5+ 0.7
3 286.5+ 1.1
4 107.8 £ 4.8

4. Discussion

Although Mimosa pudica is a commonly used
medicinal herb in traditional medicine, the
current Pharmacopoeia of Vietnam and other
countries do not include monograph for this herb.
This study has been conducted to develop a
quantitation method of chemical marker in the
plant from different sources to assure an
appropriate quality level.
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There are few publications on quantitative
determination of mimosine in the herbal
medicine M. pudica in Vietnam and around the
world. The principal technique is liquid
chromatography, with mass spectrometry or
spectroscopy detector [4],[5],]6]. Mimosine is a
highly polar compound that is poorly retained on
a Cg reversed-phase chromatographic column, its
peak usually elutes very fast, which is equivalent
to the column's unretained time. Experimental
results also confirmed this. The specificity of the
method can be supplemented by mass
spectrometry, however, for spectroscopic
detector, application on a sample matrix with a
complex composition such as medicinal herbs
make the method less specific. Therefore, it is
necessary to change the chromatographic
conditions such as the mobile phase by adding an
ion-pairing agent, or the stationary phase by
switching to a HILIC column. In order to take
advantage of the reverse phase chromatography
columns available in the laboratory, the study
supposes to use the ion pairing agent sodium
hexane-1-sulfonate added to the mobile phase
based on the structure containing both amino and
carboxylic acid functional groups of mimosine.
The results showed that the retention time of
mimosine was significantly increased. On the
other hand, this dipole compound must be
converted to a fully ionized form with an acidic
or basic mobile phase to have a good peak shape.
The acidic mobile phase was chosen because the
silica-based chromatographic column is less
stable to bases than to acids. For the above
reasons, the ion pairing agent used is sodium
hexane-1-sulfonate, adjusted to pH 2.0 with
ortho-phosphoric acid. However, in order to
separate the mimosine peak from other peaks but
still ensure that the chromatographic time is not
too long, a gradient elution program was
developed for mimosine peak with a retention
time of about 17 minutes and completely
separated from the adjacent peaks, in accordance
with the requirements.

The study proposes to use diluted acid (0.2 N
hydrochloric acid) as the extraction solvent
because this compound is stable in acidic and
neutral medium, less stable in basic medium, but
still conducting investigations on other extraction
solvents such as water, 50% ethanol [8],[9]. The
sample preparation procedure also investigated
the influencing factors to obtain the best
extraction efficiency, avoiding going through
many complicated steps that affect the mimosine
content in the sample. The validated results of
accuracy and precision showed that the mimosine
content was relatively stability in the same batch,
reflecting the appropriate extraction efficiency
according to the procedure. The investigated
results also showed the agreement between
experiment and theory on solubility and stability
of mimosine. In addition, although mimosine is
poorly soluble in ethanol, the procedure used this
solvent to ‘moisten’ the medicinal herbs before
extraction because the use of 0.2 N HCI lonely
created a large surface tension between the
solvent and the sample. On these bases, the
procedure was applied to quantify mimosine in
medicinal samples of M. pudica from different
sources. Based on experimental results as well as
published works, mimosine content fluctuates
much between different sources.

5. Conclusion

The quantitation procedure performed by
high-pressure liquid chromatography on chemical
marker mimosine met the requirements according
to the ICH guidelines for system suitability,
linearity, specificity, accuracy, and precision. The
research has contributed to the quality control of
the medicinal herbs on the market and created the
basis for collection of qualified raw materials for
the production of high-quality finished products
of traditional medicine.
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Summary
Ameliorative Effects of Bacopa monnieri (Linn.) Wettst n-Butanol Extract on Neurobehavioral Deficits in Transgenic
Drosophila Expressing Human Amyloid Precursor Protein

Alzheimer’s disease (AD) is a neurodegenerative disorder and the most common form of dementia in the group aged
above 60 years. It is accompanied by neuronal disorders along with learning and memory defects, as well as locomotor
impairment. Because 70% of human disease-related genes are conserved in Drosophila melanogaster (D. melanogaster),
especially those associated with types of risk factors for AD, this is a powerful model to study AD and develop the
therapeutic AD drugs. In this study, we evaluate the effect of n-butanol extract from Bacopa monnieri (BM) on behaviors in
transgenic flies expressing human amyloid precursor protein (hAPP) as a model organism for AD. Behavioral experiments
were conducted to evaluate the crawling ability and short-term memory of third-instar larvae as well as climbing ability of
adult flies. Furthermore, the expression of hAPP was evaluated in the head of adult flies which were exposed by 4 and 6
mg/mL BM extract using Western blot method. The results showed that the n-butanol extract from BM was effective in
improving the ability of third-instar larvae to crawl and short-term memory, the ability of adult flies to climb, and at the same
time suppressed the hAPP expression in adult brain. The results suggest that BM extract is a candidate for the treatment of

behavioral deficits in transgenic Drosophila expressing hAPP protein.
Keywords: Alzheimer’s disease, Drosophila model, Bacopa monnieri, Behavioral alterations, hAPP expression.

1. Introduction

Alzheimer's disease (AD) is a disease
characterized by symptoms of impaired memory
and cognitive function and is the most severe
form of the group of dementia diseases today.
According to statistics from the World
Alzheimer's Association 2015, the incidence of
AD increases gradually with age, from about 5%
of people under 75 years old to 40-50% of people
after 85 years of age [1]. AD always comes with
a huge treatment budget and a physical and
emotional burden on patients and their loved ones
[2, 3, 4]. Drugs for the treatment of AD include
cholinesterase inhibitors, N-methyl D-aspartate
(NMDA) receptor antagonists, and drugs acting
on pathological amyloid. However, these drugs
have many side effects [5]. Therefore, the need to
research and develop new drugs derived from
medicinal herbs to support and treat Alzheimer's
disease is very necessary.

Bacopa monnieri (Linn) Wettst (BM) is a
medicinal plant used in traditional Indian
medicine as a nerve tonic, memory booster, and
epilepsy treatment. In Vietnam, BM grows wild
in many places and is used as a daily vegetable
and to treat a number of diseases such as
neurasthenia, epilepsy, loss of muscle tone,
according to folk experience [6]. There are much
research works in the world that have proven that
BM has the effect of improving memory and
cognitive impairment by models of memory
impairment in mice with ethylcholine aziridinium
ion, colchicine, AICl; and in mice carrying AD
gene (PSAPP mice) [7],[8],[9]. In Vietnam, BM
has also been studied very carefully for its effect
on preventing/improving memory impairment
and its mechanism of action on a mice model of
trimethyltin (TMT)-induced memory impairment
and olfactory bulbectomized (OBX) model of
AD [10][11]. In addition, Nguyen Thi Thu
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