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A sensitive analytical method for the component monosaccharides
of the polysaccharides from a Tibetan herb Potentilla anserine L.
by capillary zone electrophoresis with UV detector
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Abstract A rapid and sensitive method was optimized
and validated for the separation and quantification of
derivatized monosaccharides in polysaccharide from
Potentilla anserine L. using 1-naphthyl-3-methyl-5-
pyrazolone (NMP) as precolumn derivatization reagent by
capillary zone electrophoresis (CZE). On the basis of the
optimum conditions, nine NMP-derivatized monosaccha-
rides achieve baseline resolution within 16 min. The
developed method has been successfully applied to analyze
component monosaccharides of three Potentilla anserine L.
samples, which were obtained by gradational precipitation
with 50, 70, and 90% aqueous ethanol, respectively. The
polysaccharide precipitated from 50% ethanol solvent was
composed of fucose, mannose, xylose, glucuronic acid,
glucose, rhamnose, galacturonic acid, galactose, arabinose
in molar proportion of 1:1.65:1.99:5.08:7.38:8.14:13.05:
27.41:39.02; the corresponding molar proportions for
polysaccharide obtained from 70% ethanol solvent were
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1:1.64:1.65:4.52:13.96:9.13:26.30:10.52:18.00; fucose and
galacturonic acid were not found in the polysaccharide
precipitated from 90% ethanol solvent, and mannose,
xylose, glucuronic acid, glucose, thamnose, galactose and
arabinose were determined with molar proportion of
1:0.87:1.77:2.78:1.69:2.58:2.49. Quantitative recoveries of
the component monosaccharides in the polysaccharide
were in the range of 93.3-105.1% and the relative standard
deviation (RSD) values fell within 3.4-6.3%, respectively.
The results demonstrated that the proposed CZE method
was precise and sensitive for the analysis of the composi-
tion of polysaccharide.

Keywords Potentilla anserine L. - Polysaccharide -
Monosaccharide - Analytical method

Introduction

Polysaccharides from natural sources are a class of
macromolecules that can profoundly affect the immune
system and therefore have the potential as immunomodu-
lators with wide clinical applications [1]. Polysaccharides
from various traditional medicinal herbs have been shown
to be immunopotentiating both in vivo as well as in vitro
[2-8]. However, polysaccharides isolated from the differ-
ent natural sources showed different anti-tumor activities,
depending on their monosaccharide composition, molecu-
lar mass, and chain conformation [9]. For these reasons,
developing new methods is crucial to analyze the
polysaccharides.

The roots of the Tibetan herb Potentilla anserine L. are
amongst the most popular health-promoting herbs in China.
For thousands of years, it has been used frequently as a
crude substance, taken orally as folk medicine and
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sanitarian product [10]. The Potentilla anserine L. have
been used as astringent, anti-inflammatory, antispasmodic,
haemostatic and also have been used for diarrhoea, leu-
corrhoea, dysmenorrhoea, arthritis, cramps, kidney stones,
bleeding piles and as a mouth wash in pyorrhea, gingivitis,
and sore throat [11]. Also literature reports that Potentilla
anserine L. can be used to treat chronic liver diseases
[12, 13], and several controlled trials have been done to
assess the efficacy and safety of Potentilla anserine L. for
chronic hepatitis B infection [14].

The characteristic of polysaccharide is complicated
structure and high microheterogeneity, so it is difficult to
be separated. Capillary electrophoresis is a kind of new
separation and analytical technology developed in 1980s,
because of the high chromatographic efficiencies, short
analysis time and less sample consumption. Suzuki et al.
[15] presented a new derivatization method in which
1-phenyl-3-methyl-5-pyrazolone (PMP) was used as the
labeling reagent. The reaction of PMP with saccharides
was carried out by a condensation reaction in which active
carbon (C-4) in carbohydrate molecular chain reacted with
the aldehyde function group of reducing sugar under a mild
condition.

In our previous study, based on the photochromic
characteristics of the naphthalene, a novel photochromic
molecule 1-(2-naphthyl)-3-methyl-pyrazolone (NMP) has
been synthesized and used to label monosaccharides
[16-18]. In this study, an optimized CZE method for
quantifying monosaccharides in Potentilla anserine L.
with NMP as labeling reagent has been established. The
comparison of UV responses between NMP and the
commonly used PMP were also evaluated, the result
indicated that NMP was superior to PMP with excellent
spectral properties. The validation of the proposed method
for the detection of content of polysaccharide from the
hydrolyzed Potentilla anserine L. sample was evaluated.
It was demonstrated that the established method was
sensitive and reliable for the determination of the com-
position of carbohydrate compounds from natural source.
To our best knowledge, this is the first time that the
composition of polysaccharide from Potentilla anserine L.
was comprehensively studied.

Materials and methods

Plant material

The Tibetan herb Potentilla anserine L. sample was pur-
chased from Xining herb market (QiHai province, China),
and was identified by professor ChangFan-Zhou at the

Northwest Plateau Institute of Biology, the Chinese
Academy of Sciences.
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Chemicals and instruments

NMP was synthesized by author’s laboratory. Sugar stan-
dards were purchased from Sigma Co (St. Louis, MO,
USA). Borate was purchased from Xuzhou Chemical
Regent Factory (JiangSu province, China). Water was
Milli-Q ultrapure water, and the other reagents were ana-
lytical grade. The HP-3D capillary electrophoresis instru-
ment (Agilent Company, USA) and capillary column
(58.5 cm x 50 pm i.d., 50-cm effective length), (Hebei
Yongnian Ruifeng Chromatography Device Co. Ltd,
China) were used in this study.

Extraction of polysaccharide
from Potentilla anserine L.

An amount of 100.0 g triturated and dry Potentilla anser-
ine L.root were mixed with 100 ml ethanol/ether (50:50, v/v),
and then the mixture was refluxed at 65 °C for 3 h to get
rid of the lipids. After filtrated under vacuum, the sediment
was redissolved in 100 ml of 85% ethanol and extracted
supersonically for 30 min to remove the monosaccharides.
After filtrated under vacuum, the sediment was ultrasonic
extracted with deionized water for 90 min, then filtrated
under vacuum, and the supernatant was collected. After
concentrated under diminished pressure, the residue was
redissolved by 3 times volume of 95% ethanol and kept at
4 °C overnight. Finally, the polysaccharide pellets were
obtained by centrifugation at 1,788xg RCF for 15 min.
The polysaccharide pellets were repeatedly washed with
possibly less amounts of ethanol, acetone, and ether,
respectively. The refined polysaccharide pellets were
completely dissolved in appropriate volume of distilled
water and extracted three times with CHCl3-n-butanol (4:1,
v/v). The extracts were collected and added ethanol to the
ethanol concentration of 50%, then kept at 4 °C overnight,
the precipitate was centrifuged and dried at 70 °C to obtain
crude Potentilla anserine L. polysaccharides (P50)
170.67 mg. The corresponding supernatant solution was
collected and added to the ethanol concentration of 70%,
after standing for 24 h at 4 °C, the precipitate was centri-
fuged and dried at 70 °C to obtain crude Potentilla
anserine L. polysaccharides (P70) 18.08 mg. Ethanol was
continuously added to the supernatant solution to the
ethanol concentration of 90%, the contents were kept at
4 °C overnight, the precipitate was centrifuged and dried at
70 °C to obtain crude Potentilla anserine L. polysaccha-
rides (P90) 9.33 mg.

Hydrolysis of the polysaccharide

An amount of 5 mg each dry Potentilla anserine L. poly-
saccharide was mixed with 1 ml 3 M trifluoroacetic acid in
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a ampoule. The ampoule was sealed under a nitrogen
atmosphere. After hydrolysis at 110 °C for 8 h, the mixture
was cooled to atmosphere temperature and dried with
nitrogen gas and redissolved in 1 ml deionized water,
which waited for derivatization.

Preparation of the standard solution

Stock standard sugar solutions (0.01 M for each) were
prepared by dissolving each standard monosaccharide in
water. Working standard solutions were further obtained by
appropriate dilution of the stock standard solutions with
deionized water. The sample solutions were filtered
through a 0.2 pum syringe filter and were degassed using an
ultrasonic bath for 2 min prior to use. NMP (0.05 M) was
prepared by dissolving 112 mg NMP in 10 ml acetonitrile
(CAN). All the solutions prepared were stored in the dark
at 4 °C until being used.

Derivatization procedure

The derivatization reaction was carried out as follows:
40 pl hydrolyzed solution of polysaccharide from Poten-
tilla anserine L. was added in a ampoule, to which 150 pl
0.05 M NMP/ACN solution and 30 pl 17% ammonia
solution were then added. After sealing, the solution was
allowed to stand for 35 min at 70 °C in a water bath. After
derivatization, the mixture was dried under nitrogen
stream. The residue was redissolved in 500 pl solution of
ACN/water (4:1, v/v). The derivatized sample solution was
directly injected into the CZE system for analysis. The

(]

derivatization process was shown in Fig. 1 (mannose is the
representative).

CZE-UV conditions

The NMP-labeled monosaccharides were analyzed by CZE
equipped with a UV detector (Agilent, USA) and capillary
column. The CZE conditions was as follow: borate buffer
(55 mM) was adjusted to pH 9.46 with phosphoric acid
(1.0 M) and treated ultrasonically for 15 min to remove gas
bubbles prior to use. Other parameters were as follows:
voltage of 22 kV, column temperature of 20 °C, and DAD
detection of 254 nm. The samples were atmospherically
introduced with an injection time of 10 s. The capillary
column was flushed, consecutively by 0.1 M aqueous
solution of NaOH and buffer solution for 5 min prior to
injection. When buffer solution was replaced, the capillary
column was flushed for 10 min.

Results and discussion
Comparison of UV responses between NMP and PMP

The comparison of UV responses between NMP and the
commonly used PMP were evaluated. To make a quanti-
tative comparison with respect to relatively UV absor-
bance, the standard solutions of NMP and PMP
(1.0 x 107> mol/l) were used. The results indicated that
UV absorbance for NMP exhibits obviously enhancement.
The molar absorption coefficients (¢) of NMP in ACN and
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MeOH are 5.58 x 10* 1 mol”™! cm™' and 3.30 x 10* 1
mol ' cm™', respectively. The ratios for the UV responses
were as follows: UVyyp/UVpymp = 2.55 (ACN) and
UVnMmp/UVppp = 2.58 (methanol) (data obtained using
300 Bio ultraviolet spectrophotometer were not corrected,
spectrum was not shown). This was probably due to the
fact that NMP molecule has the large molar absorbance,
which made it more sensitive relative to that of PMP.

Optimization of derivatization procedure

The derivatization yields for the reaction between NMP
and carbohydrates were notably different in various
solvent systems. Thus, five different solvent solutions,
including CAN, methanol (MeOH), tetrahydrofuran (THF),
N,N-dimethylformamide (DMF), and dimethylsulfoxide
(DMSO) were investigated in this study. The results indi-
cated that the derivatization yields were basically identical in
ACN, DMF and DMSO, which were much higher than those
in THF and MeOH. Considering the subsequent processing,
ACN was chosen as the solvent for derivatization reaction.
Lin et al. [19] reported that NaOH was replaced by ammonia
as a catalyst to improve the derivatization conditions of PMP
with carbohydrates. The same result was obtained when 17%
ammonia was used as a catalyst in this study. Moreover, the
subsequent processing was also simplified because the
reaction solution could be dried directly with a stream of
nitrogen. It was found that the yields increased with the rise
of temperature when the temperature was below 70 °C;
above 70 °C, the yields of derivatization for glucuronic acid,
galacturonic acid, arabinose, xylose and mannose decreased
significantly. Therefore, 70 °C was adopted as the optimum
derivatization temperature. To ensure the derivatization
reaction proceeds completely, NMP with the molar amount
of 5-6 times to monosaccharides was used, and the chosen
reaction time was 35 min.

Optimization of separation conditions

To achieve optimal separation, the choice of buffer solu-
tion was tested (carbonate buffers, phosphate buffers and
borate buffers). The results indicated that borate buffer
gave the optimal resolution for the tested monosaccharides
derivatives in the pH range of 8-10.

The separation of NMP-labeled carbohydrates was very
sensitive to borate buffer concentrations. In this study,
borate concentration in the range of 40-65 mM was eval-
uated. The results indicated that the migration time of
NMP-labeled carbohydrates generally increased with a
gradual increasing of buffer concentrations. Taking the
shorter run-time and good resolution into consideration,
55 mM borate buffer solution was selected and the maxi-
mum resolution was obtained.

@ Springer

The effect of pH on the separation was also investigated
in the pH range from 8.0 to 10.0 using borate buffer
solutions as background electrolytes. In the pH range of
8.0-9.4, the resolution increased with increasing buffer pH.
At further higher pH values in the pH range of 9.5-10.0, a
remarkable decreased in resolution with broadening peak
for each NMP-labeled carbohydrate was observed. The
highest separation efficiency coupled with a good baseline
resolution can be obtained when borate buffer solution pH
was adjusted to 9.46.

Effect of capillary temperature and working voltage on
the resolution of the NMP-labeled carbohydrates was
investigated. The results indicated that the resolution was
not remarkably improved with increasing temperature from
10 to 30 °C. With high temperature applied in capillary
column, the overheat phenomena will be produced; there-
fore the applied voltage should be reduced to decrease the
Joule heat. In this experiment, capillary working tempera-
ture was set at 20 °C. Migration time of NMP-labeled
carbohydrate decreased remarkably with increasing work-
ing voltage. To decrease the Joule heat, 22 kV working
voltage was selected.

The addition of organic modifier was important to the
improvement of viscosity of medium, dielectric constant
and structure of electric double layer of capillary wall [20].
In this study, various additives, such as isopropanol, ACN,
and MeOH were examined. The results indicated that no
significant influences on resolution were observed when the
organic modifier including isopropanol, ACN, and MeOH
were used. So the organic modifier was not used in sub-
sequent experiments.

Separation of monosaccharides

Based on the optimal conditions for the separation of
NMP-labeled monosaccharide, nine NMP-derivatized
monosaccharides achieved baseline resolution within
16 min, and the chromatogram was shown in Fig. 2. The
NMP derivatized monosaccharides were eluted in the order
of xylose, arabinose, glucose, rhamnose, mannose, fucose,
galactose, glucuronic acid, and galacturonic acid. More-
over, the number of theoretical plates for the saccharides
were ranging from 1.75 x 10° to 3.53 x 10°. Satisfactory
selectivity was achieved for neighboring peaks in the range
of 1.01-1.06, and the resolution of the nine labeled
monosaccharides for the proposed method was no less than
1.27.

Validation
The CZE method was validated in terms of linearity,

reproducibility, detection limits, and precision. The linear
calibration regression equations were established with the
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peak area versus the concentration of monosaccharide
derivatives ranging from 250 to 5 pmol/l. The linear
regression equations, migration time, correlation coeffi-
cients, and detection limits for all the monosaccharide
derivatives were listed in Table 1. As a consequence, the
good linearity (correlation coefficient r > 0.9991) between
Y (peak area) and X (concentration of the standards) was
achieved in the tested range. Furthermore, detection limits
of each tested analyte was obtained by the injecting of
gradational dilutions of a standard mixture derivatized as
mentioned above in the derivatization procedure, followed
by the comparison of peak height with baseline noise level
and a signal-to-noise ratio (S/N) of three assigned the
detection limit. The results showed that the detection limits
of the monosaccharides was in the range from 0.85 to
2.19 pmol/l (Table 1), indicating that the sensitivity of the
method was satisfactory.

Moreover, method precision was also determined by
measuring the repeatability (intra-day variability) and
intermediate precision (inter-day variability) of the
migration times and peak areas for each tested monosac-
charide derivatives. The precision of the method was cal-
culated as the relative standard deviation for six successive
injections of each tested monosaccharide derivatives
(100 pmol/l) under the same optimum conditions and the
results were summarized in Table 2. The results showed

that the intra-day reproducibility were less than 0.48% for
the migration time and 4.8% for the peak areas, and the
inter-day were less than 0.72% for the migration time and
6.3% for the peak areas, indicating that the method preci-
sion was satisfactory.

The recovery efficiency of the method was determined
by the addition of 10 pl standard monosaccharides solution
(1.0 x 1072 mol/l) into the hydrolysate of Potentilla
anserine L. polysaccharide under the optimum derivatiza-
tion and capillary electrolysis conditions. The results show
that the recoveries of all the nine monosaccharides ranged
between 93.3 and 105.1% and the RSD values fell within
3.4-6.3%, respectively. Such results further demonstrated
that this method was precise and practical for the analysis
of the polysaccharide from Potentilla anserine L.

Analysis of the polysaccharide
from Potentilla anserine L.

This experiment was designed to develop a rapid, sensitive,
repeatable, and accurate analysis method for the quantifi-
cation of the component carbohydrates in the polysaccharide
from Potentilla anserine L. In order to evaluate the appli-
cability of the proposed method, the isolated polysaccharide
was hydrolyzed with trifluoroacetic acid (TFA), dried, and
NMP-labeled as described in the experimental section and

Table 1 Migration time, linear regression equations, correlation coefficients(r), and detection limits of the proposed CZE method (n = 6)

Component Migration Regression Correlation Detection limits/pmol/l
time/min equation coefficient (S/IN = 3)
Xylose 11.456 Y = 1.906X — 0.257 0.9996 0.89
Arabinose 11.785 Y = 2.046X + 0.425 0.9997 0.85
Glucose 11.885 Y =1.419X 4 0.788 0.9991 1.26
Rhamnose 11.985 Y = 1.540X — 1.634 0.9980 1.49
Mannose 12.845 Y =1.732X — 1.765 0.9989 1.34
Fucose 13.037 Y = 1.872X — 0.305 0.9995 1.60
Galactose 13.520 Y =2.231X — 0.301 0.9998 1.02
Glucuronic acid 14.818 Y =1.273X — 1.890 0.9998 2.19
Galacturonic acid 15.704 Y =2.157X — 3.327 0.9996 1.44

Y peak Area, X concentration of monosaccharides, pmol/l
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Table 2 Precision of the
migration time and peak area of
analytes in the present method

Fig. 3 Chromatograms of
saccharides from Potentilla
anserine L. sample by CZE
a P50, b P70, ¢ P90)

finally, the released monosaccharide derivatives were ana-
lyzed by the described CZE method under the optimized
conditions. Figure 3 shows a typical chromatogram of the

@ Springer

Component Intra-day precision (RSD n = 6) Inter-day precision (RSD n = 6)
Migration time (%) Peak area (%) Migration time (%) Peak area (%)
Xylose 0.48 4.8 0.72 5.7
Arabinose 0.48 4.6 0.69 6.3
Glucose 0.46 34 0.61 3.6
Rhamnose 0.44 3.5 0.63 4.4
Mannose 0.44 3.8 0.43 5.1
Fucose 0.46 4.3 0.70 6.3
Galactose 0.47 3.2 0.54 4.8
Glucuronic acid 0.48 4.2 0.67 54
Galacturonic acid 0.45 3.3 0.49 5.2
]
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polysaccharide sample and the detected contents were
listed in Table 3. As it can be seen, the NMP derivatives
of the component monosaccharides released from the
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Table 3 Determination of the component monosaccharides in the
Potentilla anserine L. polysaccharide (n = 3)

Component P50 (umol/mg) P70 (umol/mg) P90 (pmol/mg)
Content RSD% Content RSD% Content RSD%
Xylose 0.079 53 0.052 55 0.050 59
Arabinose 1.549 5.0 0.570 6.3 0.142 6.1
Glucose 0293 49 0441 4.1 0.159 3.7
Rhamnose 0.323 49 0.289 5.8 0.097 6.2
Mannose 0.066 5.2 0.052 4.7 0.057 49
Fucose 0.040 5.6 0.032 6.0 - -
Galactose 1.088 3.7 0.333 45 0.147 54
Glucuronic 0.202 42 0.143 54 0.101 6.3
acid
Galacturonic 0.518 34 0.832 53 - -
acid

—: Not detected

polysaccharide sample could be still baseline separated and
the component monosaccharides could be identified by
comparing with the chromatogram of the mixture of standard
monosaccharides (Fig. 2). The results showed that the
polysaccharide precipitated from 50% ethanol solvent was a
typical heteropolysaccharide and was composed of xylose,
arabinose, glucose, rhamnose, mannose, fucose, galactose,
glucuronic acid, and galacturonic acid and in the molar
contents of 0.079, 1.549, 0.293, 0.323, 0.066, 0.040, 1.088,
0.202 and 0.518 pmol/mg, respectively, and their corre-
sponding mole percentages were 1.9, 37.2, 7.0,7.6, 1.6, 1.0,
26.6, 4.8, and 12.3% (mol%); the corresponding molar
contents of polysaccharide obtained from 70% ethanol sol-
vent were 0.052, 0.570, 0.441, 0.289, 0.052, 0.032, 0.333,
0.143, 0.832 pmol/mg, and their corresponding molar per-
centages were 1.9,20.8,16.1,10.5,1.9,1.2,12.1,5.2,30.3%;
fucose and galacturonic acid were not found in the poly-
saccharide precipitated from 90% ethanol solvent, and
mannose, xylose, glucuronic acid, glucose, rhamnose,
galactose, and arabinose were determined with molar con-
tents of 0.050, 0.142, 0.159, 0.097, 0.057, 0.147,
0.101 pmol/mg, and their corresponding mole percentages
were 6.6, 189, 21.1, 129, 7.6, 19.5, 13.4, respectively
(Table 3). It was clear that the predominantly composition
monosaccharides in the polysaccharide from Potentilla anser-
ine L. were arabinose, glucose, rhamnose, galactose, and
galacturonic acid more than 90% (mol%) of total carbohydrates,
and more than 17% of total carbohydrates were uronic acids.

Conclusions

A fast and sensitive method with the derivatization reagent
of NMP has been optimized and validated for the

separation and quantification of monosaccharides from
Potentilla anserine L. using CZE. The proposed CZE
method provided a rapid, repeatable, accurate, and eco-
nomic alternative for the separation of the natural mono-
saccharides. The proposed method was particularly suitable
for determining the component monosaccharides of the
polysaccharide from Potentilla anserine L. and could also
be applied to routine analysis of monosaccharides in real-
life samples, such as other plant polysaccharides, fruit
juices, wines, etc. Such information would facilitate the use
of the Potentilla anserine L. in food, pharmaceutical and
other technical applications, which would contribute to the
sustainable use of Potentilla anserine L. agricultural
resource.
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