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A method for determining the weight average molecular weight and the content

of soluble salts of acidic saccharides

Technical Field

The invention belongs to the technical field of natural medicinal chemistry and quality control
thereof, and specifically relates to the methods for determining of the weight average molecular
weight and content of some types of acidic saccharides, and the method for quality control.

Background Art

Polysaccharides are mostly biologically active compounds of natural origin, and can be derived
from plants, fungi, etc. Polysaccharides have large molecular weights and complex structures.
Therefore, accurate determination of the molecular weight of polysaccharides is a long time
challenge.

At present, according to the Chinese Pharmacopoeia, high-performance liquid Gel Permeation
Chromatography (GPC) is a common method for determining molecular weight. It is based on the
principle of exclusion chromatography. Polysaccharides of different molecular weights pass through
the column in the order of their sizes. A calibration curve is obtained through a series of
measurement correlating the polysaccharide standards of different molecular weights and retention
time, and then can the relative molecular weights of the corresponding polysaccharides be calculated.
However, this conventional method needs polysaccharide standards, and is subject to certain
limitations.

In addition, the common method for determining the content of polysaccharides and
oligosaccharides is the carbazole sulfate method. The first step of the method is to obtain a standard
curve based on the concentration and the color development of the monosaccharide standard, and
then to read the content of the test sample on the standard curve. However, there is no commercial
standard product for such acidic saccharide as monomannuronic acid. If glucuronic acid is used as a
standard product, it has different structure and would be different in color rendering efficiency from
the acidic saccharides, thereby failing to accurately quantify the acidic saccharides.

The size-exclusion chromatography/multi-angle laser light scattering (SEC-MALS) developed
in recent years can determine the absolute weight-average molecular weight, molecular weight
distribution and the content of samples, drawing extensive attention in the industry. Some
researchers have used MALS and size exclusion chromatography (SEC) in combination, which can
directly obtain such results as the molecular weight and molecular weight distribution without
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relying on the pump flow rate, calibration curve and other potentially false assumptions. MALS uses
the light scattering amount of the sample separated from the column at different angles, and the
eluent concentration and the dn/dc value obtained by the differential refractive index (RI) detector to
calculate the mass. The molecular weight of each segment can be calculated by combining the two.
This method does not require calibration using standard product, which overcomes the errors in the
determination of the relative molecular weight caused by the differences in chemical composition,
molecular structure, and size between the sample and the standard. Researchers have used this
method to determine the average molecular weight of chitosan and hyaluronic acid (Monica Fee,
Neil Errington, Kornelia Jumel, et al. Correlation of SEC/MALLS with ultracentrifuge and
viscometric data for chitosans. Eur Biophys J (2003) 32: 457 - 464; Sanya Hokputsa, Kornelia
Jumel, Catherine Alexander, et al. Comparison of molecular mass determination of hyaluronic acid
using SEC/MALLS and sedimentation equilibrium. Eur Biophys J (2003) 32: 450 - 456). Some
researchers have used this method to quantify natural neutral polysaccharides (Kit-Leong Cheong,
Ding tao, Wu, Jing Zhao, et al. A rapid and accurate method for the quantitative estimation of natural
polysaccharides and their fractions using high performance size exclusion chromatography coupled
with multi-angle laser light scattering and refractive index detector, Journal of Chromatography A
(2015) 1400: 98 - 106). At present, the European Pharmacopoeia has adopted this method as a
method for determining the weight average molecular weight and molecular weight distribution of
hydroxyethyl starch (European pharmacopoeia 8.0, p3307-3308, starches hydroxyethyl).

In summary, SEC-MALS can be used to determine the weight average molecular weight and
content of neutral polysaccharides.

SUMMARY OF THE INVENTION
However, the inventors of the present invention have found that the SEC-MALS method often
cannot obtain accurate measurement results of acidic saccharides. To solve this problem, one aspect
of the present invention provides an accurate and efficient method for determining the weight
average molecular weight and the content of acidic saccharides, including the following steps:

(1) determining the weight average molecular weight and the content of the acidic saccharide in
the acidic saccharide soluble salt samples using SEC-MALS;

(2) determining the content of salt-forming metal ions in the acidic saccharide soluble salt,
thereby correcting the measurement result of the weight average molecular weight and the content of
acidic saccharide in step (1), that is, dividing the measured weight average molecular weight and the
content respectively by the mass percentage of the saccharide chain portion in the soluble salt of an

acidic saccharide, thus obtaining the weight average molecular weight and the content of the acidic
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saccharide soluble salt, respectively.
According to one embodiment of the present invention, the weight average molecular weight
and content of the acidic saccharide soluble salt should be corrected based on the SEC-MALS results

according to the following formula 1 or formula 2:

weight average molecular weight My (Da) = ...... PRI Formula (1);

In the above formula (1), Mwz is the weight average molecular weight (Da) of acidic saccharide
directly obtained by SEC-MALS ; A is the content of metal ions in the acidic saccharide soluble salt;

X
Content (%) = -

Q
TErTRe 100%

...... Formula (2);
In the above formula (2): X is the mass (ug) calculated by the spectrum processing software; Y

is the mass (ng) of the injected sample; A is the content of metal ions in the acidic saccharide soluble
salt.

The method provided by the present invention can accurately determine the weight average
molecular weight and the content of acidic saccharide soluble salts, and successfully solves the
problems of large deviations in weight average molecular weight determination of acidic saccharide

soluble salts and inaccurate content quantification in the saccharide chemistry field.

Description of the Drawings

Figure 1 shows the SEC-ICP-MS spectrum of the solvent (A) and the sodium salt of
oligomannuronic diacid (B) and the SEC-MALS RI chromatogram of the sodium salt of
oligomannuronic diacid (C).

Figure 2 shows the RI chromatogram (RI, dashed line) of Heparin H (2A), Heparin sodium
(2B), Enoxaparin sodium (2C) and Nadroparin calcium (2D), as well as the Na ion SEC-ICP-MS
spectrum (Na, solid line) and Ca ion SEC-ICP-MS spectrum (Ca, solid line).

Figure 3 shows the total ion current (A) and the mass spectrum (B) of the sodium salt of
pentasaccharide oligomannuronic diacid, as well as the H-form theoretical mass number list of the

pentasaccharide oligomannuronic diacid (C).

Specific Description of the Embodiments

Definition

Unless otherwise stated, all percentages, ratios, or parts are by weight.

Unless otherwise defined, all technical and scientific terms used herein have the same meaning

as commonly known to those skilled in the art. In addition, any methods and materials similar or
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equivalent to those described can be used in the method of the present invention. The preferred
implementation methods and materials described in the present application are for illustration
purposes only.

As used herein, the term "dn/dc" refers to the increase in refractive index and can be determined
using methods known in the art (Liu Lili et al., Method for determining the absolute molecular
weight and distribution of medical sodium hyaluronate gels [J] Drug Analytical Journal 2013, 33 (8),
1435-1438); it can also be obtained from searching relevant disclosures in the art.

As used herein, the term "SEC-MALS" refers to Size-Exclusion Chromatography/Multi-Angle
Laser Light Scattering. It has been widely used in recent years to determine the absolute weight
average molecular weight and molecular weight distribution and content of samples. Specific
methods can be those known in the art (Monica Fee, Neil Errington, Kornelia Jumel, et al.,
Correlation of SEC/MALLS with ultracentrifuge and viscometric data for chitosans. Eur Biophys J
(2003) 32: 457 - 464; Sanya Hokputsa, Kornelia Jumel, Catherine Alexander, et al., Comparison of
molecular mass determination of Hyaluronic acid using SEC/MALLS and sedimentation
equilibrium. Eur Biophys J (2003) 32: 450 - 456; Kit-Leong Cheong, Ding tao Wu, Jing Zhao, et al.,
A rapid and accurate method for the quantitative estimation of natural polysaccharides and their
fractions using high performance size exclusion chromatography coupled with multi-angle laser light
scattering and refractive index detector, Journal of Chromatography A (2015) 1400: 98 - 106).

As used herein, the term "ICP-MS" refers to the inductively coupled plasma mass spectrometry,
which is a major development in contemporary element composition measurement technology. The
method has many advantages, such as high sensitivity, low interference, ultra-low detection limits,
and multiple-element simultaneous analysis capability, among others. Specific methods of carrying
out the ICP-MS include those known in the art, such as that described in Feng Xianfeng and Qu
Taiyuan, the latest application progress of inductively coupled plasma mass spectrometry (ICP-MS).
China Inorganic Chemical Analysis, (2011) 1: 46-52.

As used herein, the term "ICP-OES" refers to Inductively Coupled Plasma Optical Emission
Spectrometer, which is a known method in the art for determining the content of metal ions. Specific

embodiments include those known in the art.

Discovery of the Technical Problems

The inventors of the present application found that, when using SEC-MALS to test
oligomannuronic diacid samples, the purity result obtained was unreasonable; there were unknown
peaks following those of oligomannuronic diacid, and the weight-average molecular weight obtained

by MALS based on content was further deviated. In addition, this problem was found not only in
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oligomannuronic diacids, but also in many other saccharides, such as polymannuronic acid,
polyguluronic acid, alginic sodium diester, polymannuronate sulfate, polyguluronate sulfate, heparin,
etc. These saccharides are all saccharides containing acidic groups, that is, the saccharide structure
contains anions such as carboxyl group, sulfate group or phosphate group. In the present application,
such saccharides are referred to as acidic saccharides.

The usual reaction to the phenomenon is that it is caused by the adsorption of the sample on the
column, which caused reduction of the content. However, after experiments, the inventors found that
this problem still remains after multiple separations on columns. In order to solve this issue, the
inventors analyzed the unknown peaks in the SEC-MALS results of the acidic saccharides. They
found that the unknown peaks are essential to obtain the accurate weight average molecular weight
and content of acidic saccharide soluble salts. Therefore, an efficient, simple and stable method for
measuring the weight average molecular weight and the content of acid saccharides is developed.

The inventors of the present invention found that the unknown peak belongs to the metal ion in
the acidic saccharide structure. Therefore, after the acidic saccharide is converted into a sodium salt,
the molecular weight change due to conversion to sodium salt is determined, thereby is used to adjust
the weight average molecular weight of the obtained saccharide, and hence a more accurate result.

Acidic saccharide

In some embodiments of the present invention, the acidic saccharide soluble salt is selected
from those having one or more of a carboxyl group, a sulfate group, or a phosphate group in the
structure.

In some embodiments of the present invention, the acidic saccharide soluble salt is selected
from those having saccharide chain structures such as oligomannuronic diacid, polymannuronic acid,
polyguluronic acid, alginic sodium diester, polymannuronate sulfate, polyguluronate sulfate, heparin,
low molecular weight heparin, chondroitin sulfate, dermatan sulfate, keratan sulfate, hyaluronic acid,
P188, fucoidan sulfate, carrageenan, or dextran sulfate. But acidic saccharides suitable for the method
of the present invention include, but are not limited to, the above-mentioned types.

In some embodiments of the present invention, the acidic saccharide soluble salt includes, but is
not limited to, a saccharide having the following saccharide chain structure: oligomannuronic diacid,

heparin, or low molecular weight heparin.

Determination of metal ion content

In an embodiment of the present invention, the method for determining the metal ion content in

the acidic saccharide soluble salt is selected from the group consisting of ICP-MS, ICP-OES, atomic
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absorption and ion chromatography, preferably, ICP-MS, ion chromatography, and more preferably
ion chromatography. These assays are described previously.

Inductively coupled plasma mass spectrometry (ICP-MS) is a major development in
contemporary element composition analysis. It has many advantages such as high sensitivity, low
interference, ultra-low detection limit, and simultaneous multi-element analysis capability. See Feng
Xianfeng and Qu Taiyuan, recent progress in the application of inductively coupled plasma mass
spectrometry (ICP-MS); China, Inorganic Chemical Analysis, (2011) 1: 46 - 52. The inventors tried
to combine SEC with ICP-MS for the first time, and successfully confirmed that the unknown peak
after SEC-MALS measurement of the acidic saccharide soluble salt sample peak was a metal ion,
and at the same time, it is possible to obtain data about the type and content of the metal ion.

On such basis, the weight-average molecular weight and content determined by the SEC-MALS
can be corrected by the measured types and contents of ions. That is, the measured weight-average
molecular weight and content is divided by the mass percentage of the saccharide chain portion in
the acidic saccharide-soluble salt, thereby obtaining the weight average molecular weight and
content of the acidic saccharide soluble salt, respectively.

Determination of molecular weight and content by SEC-MALS

According to the present invention, the SEC-MALS is used to determine the molecular weight
and content of acidic saccharides. When conducting the SEC-MALS method, the samples of acidic
saccharide soluble salts dissociate after entering the SEC column for analysis (see Example 1). It can
be seen that the weight-average molecular weight and content obtained by the SEC-MALS are for
acidic saccharides without metal ions, and thus the weight-average molecular weight and content of
acidic saccharide soluble salts should also consider the metal ion content. There have been no
reports on this in current SEC-MALS methods.

In the SEC-MALS method used in the present invention, an alcohol/salt solution can be used as
a mobile phase; its flow rate may be 0.1-0.5 mL/min; wherein the alcohol content in the mobile
phase is 0-20%. The alcohol may be methanol, ethanol, propanol, cyclohexanol or a mixture thereof;
the salt is selected from NH4Ac, NaAc, NaCl, NaNOs or NaxSO4, and the concentration of the salt
solution can be 0.02-0.5 mol/L.

In another preferred embodiment of the present invention, the SEC-MALS measurement uses
20% methanol and 80% 80mmol/L NHsAc as the mobile phase, and its flow rate is 0.1 mL/min.

In another preferred embodiment of the present invention, the method further includes a step of
determining a refractive index increase (dn/dc) of the acidic saccharides.

In another preferred embodiment of the present invention, the determination of the refractive
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index increase (dn/dc) of the acidic saccharides includes the following steps:
(1) Using the same mobile phase as the SEC-MALS measurement to dissolve the acidic
saccharide samples and diluting the samples to form a series solution of 5-6 concentration points
within the range of 0.1 mg/ml - 2 mg/ml;
(2) Injecting into a refractive index detector (such as Wyatt, Optilab T-rEX (WTREX-08))
respectively the mobile phase and sample solution prepared in step (2), and collecting the
signals;

(3) Calculating dn/dc with Astra software.

In one embodiment of the present invention, the weight average molecular weight and content
of the acidic saccharide should be determined as follows:

Step 1: determining the weight percentage A of metal ions in an acidic saccharide by ICP-MS,
ICP-OES, atomic absorption, or ion chromatography;

Step 2: determining the dn/dc of the acidic saccharide:

(1) take a certain amount of sample, add the mobile phase to dissolve it, and
formulate it to a series solution of 0.1-5 mg/ml, preferably 0.2-2 mg/ml, in which the
concentration of the series solution may be, for example, 0.2 mg/ml, 0.4 mg/ml, 0.8
mg/ml, 1.2 mg/ml, 1.8 mg/ml, 2 mg/ml; using an alcohol/salt solution as a mobile phase,
wherein said alcohol content in the mobile phase is 0-20%. The alcohol may be methanol,
ethanol, propanol, cyclohexanol or a mixture thereof; the salt is selected from NH4Ac,
NaAc, NaCl, NaNOs or Na,SOg4, and the concentration of the salt solution is 0.02-0.5
mol/L;

(2) inject into a refractive index detector (such as Wyatt, Optilab T-rEX
(WTREX-08)), sequentially, the mobile phase and the series of solutions prepared in step
(1), and collect the signals; and

(3) calculate dn/dc by Astra software;

Step 3: Determine the molecular weight and content of acidic saccharides by SEC-MALS

(1) select a suitable column according to the estimated molecular weight range of the

acid saccharides;

(2) prepare a gradient solution of acidic saccharide samples to be tested, which can

have a concentration range of 2-500 mg/ml in 3-10 gradients; for example, a series of

solutions with concentrations of about 2, 10, 50, 100, 300 mg/ml (concentration =
weight/volume).

(3) using an alcohol/salt solution as the mobile phase, with a flow rate of 0.1-0.5
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mL/min; wherein the content of alcohol in the mobile phase is 0-20%. The alcohol
may be methanol, ethanol, propanol, cyclohexanol or a mixture thereof; the salt is
selected from NHsAc, NaAc, NaCl, NaNOs or Na2SOs, The concentration of the salt
solution can be 0.02-0.5 mol/L. The detector used can be an eighteen-angle laser
detector and a refractive index detector.

(4) The weight average molecular weight Mw: of the acidic saccharide is directly
obtained by SEC-MALS;

(5) The mass X of acidic saccharides in the sample is calculated by the spectrum
processing software;

(6) The weight average molecular weight and content of acidic saccharides are

calculated by the following formula:
Mw1l
weight average molecular weight My (Da) = ... (1-4) ... Formula (1)

In the above formula (1): Mwz is the weight average molecular weight (Da) of the acidic saccharide
directly obtained by SEC-MALS method; A is the metal ion content of the acidic saccharide;

X

Content (%) = Y

x 100%
...... Formula (2);

In the above formula (2), X is the mass calculated based on the processing software; Y is the mass
of the injected sample; A is the content of metal ions in the acidic saccharide.
The specific operation conditions for SEC-MALS in determining the weight average molecular

weight and content can be performed according to conventional experiment protocols.

20

25

30

The present invention has the following advantages:

(1) Unknown peaks in SEC-MALS analysis of acidic saccharide soluble salt samples were
successfully characterized,;

(2) The weight-average molecular weight and content of acidic saccharide soluble salts can be
accurately determined with good repeatability.

(3) The weight average molecular weight and content of the sample can be obtained in one
analysis by simple operation method.

(4) The accuracy of measuring acidic saccharide soluble salts is improved, which helps to more

accurately study the molecular structure of polysaccharides.

Examples
The present invention will be further described below with reference to the specific examples. It
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should be understood that these examples are only for illustration purpose only and are not to limit
the scope of the present invention. For the experiment conditions not specified in the following
examples, reference can be made to conventional conditions or the conditions recommended by the
manufacturer.

The instruments used in the Examples section include:

Liquid Chromatography: Agilent 1260 Liquid Chromatograph

18-angle Laser Detector: Wyatt DAWN HELEOS II

Refractive Index Detector: Wyatt Optilab T-rEX

ICP-MS: Agilent 7900 ICP- MS

lon Chromatography: Metrohm Switzerland

ICP-OES: Perkin-Elmer Company Optima7000DV Inductively Coupled Plasma Emission
Spectrometer

Flame Atomic Absorption: Beijing Rayleigh WFX-120B Flame Atomic Absorption
Spectrometer

Example 1: SEC and ICP-MS revealed the mechanism of the separation of acidic
saccharides in size exclusion chromatography

(1) The test sample used was sodium salt of oligomannuronic diacid. The sample was dissolved
in water to have a concentration of 2 mg/ml; an amount of 0.1ul sample was injected.
Chromatography was conducted on the SEC column Waters ACQUITY UPLC @ BEH125 ASEC
1.7um 4.6 x 300mm (purchased from Waters), using 20 mmol/L NH4Ac as the mobile phase, and the
flow rate being 0.1 mL/min; SEC was combined with ICP-MS to collect 2Na signal. Meanwhile,
solvent water was used as a control.

(2) SEC was used in association with MALS, and the sample sodium salt of oligomannuronic
diacid was dissolved in the mobile phase at a concentration of 10 mg/ml; an amount of 20 ul sample
was injected.

Figure 1 shows the SEC-ICP-MS spectrum of the solvent water (Figure 1A) and sodium salt of
oligomannuronic diacid (Figure 1B), and the SEC-MALS RI chromatogram of the sodium salt of
oligomannuronic diacid (Figure 1C). The results show that in the SEC-ICP-MS spectrum, as
compared with the negative control, the sodium salt of oligomannuronic diacid has a significant Na
salt peak at point a. Comparing FIG. 1B and FIG. 1C, it can be seen that the Na salt peak at point a in
the SEC-ICP-MS spectrum of the sodium salt of oligomannuronic diacid is consistent with the
position of peak b in the RI chromatogram, indicating that the unknown peak b in the difference

spectrum is the sodium salt peak. This means that after entering SEC column, the salt of
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oligomannuronic diacid dissociated during the experiment. The SEC-MALS method therefore
obtained a weight-average molecular weight and content of oligomannuronic diacid without metal
ions after dissociation. Therefore, in order to accurately calculate the weight-average molecular
weight and content of soluble salts of acid saccharides, when using SEC-MALS, the metal ions in the
soluble salt of acid saccharide must be considered for correction purpose. Specific calculations can

be found in Formula 1 and Formula 2.
Mw1l

(1-a) "

Corrected weight average molecular weight Mw (Da) = Formula (1)

In the above formula (1): Mw: is the weight average molecular weight (Da) of acid saccharide
directly obtained by SEC-MALS; A is the content of metal ions.

Corrected Content (%) = X 100%
...... Formula (2);

In the above formula (2): X is the mass calculated by the spectrum processing software (ug); Y

¥(1-A)

is the mass of the injected sample (ug); A is the content of metal ions.

Example 2: SEC-MALS used to determine the weight-average molecular weight and
content of heparin and low-molecular-weight heparin.

Samples: Heparin sodium, Enoxaparin sodium, Nadroparin calcium, and Heparin H, prepared
into solutions.

Step 1: Determination of metal ion content by SEC-ICP-MS

(1) Chromatography was conducted on Waters ACQUITY UPLC @ BEH200 A SEC 1.7um
4.6 x 150mm column, with mobile phase of 80mmol/L NH4Ac and flow rate being 0.1 mL/min.

(2) SEC was associated with ICP-MS: the samples were dissolved in water to have a
concentration of 0.02mg/ml, 20ul of the samples were injected and signals of 2Na, “*Ca, and *Ca
were collected. The weight of the metal ions (A value) in the sample was calculated using the above
signals and those obtained from standard solutions of Na ion and Ca ion at concentrations of 0.1
ppm, 0.5 ppm, 1.0 ppm, 5.0 ppm, and 10.0 ppm, respectively.

Step 2: Determine dn/dc

(1) 20mg sample was put into a 10ml flask, dissolved with the mobile phase in step 3 and shook
well to obtain the stock solution. 0.2 ml, 0.4 ml, 0.8 ml, 1.2 ml, and 1.8 ml of the stock solution were
respectively diluted into 2 ml mobile phase to obtain a series solutions of 0.2 mg/ml, 0.4 mg/ml, 0.8
mg/ml, 1.2 mg/ml, 1.8 mg/ml, and 2 mg/ml.

(2) the mobile phase, the 0.2 mg/ml, 0.4 mg/ml, 0.8 mg/ml, 1.2 mg/ml, 1.8 mg/ml, and 2 mg/ml
sample solutions, were manually injected into the refractive index detector (Wyatt, Optilab

10
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T-rEX(WTREX-08)) and the signals were collected; dn/dc was calculated by Astra software, as

shown in the following table:

sample dn/dc (mL/qg)
Heparin sodium 0.1311
Enoxaparin sodium 0.1341
Nadroparin calcium 0.1382
Heparin H 0.1310

Step 3: Determination of weight average molecular weight and content by SEC-MALS

(1) Chromatography was conducted on Waters ACQUITY UPLC @ BEH200 A x SEC 1.7
column. 80mmol/L NaCl was used as the mobile phase, and the flow rate was 0.1 mL/min.

(2) SEC was used in association with MALS, the sample was dissolved in the mobile phase to
have a the concentration of 10mg/ml, and 20ul of the sample was injected, that is, the Y value in the
formula is 200 pg.

The results of Example 2 were shown in Table 1 and Figure 2.

Table 1: metal ion content, weight average molecular weight and content of Heparin and low
molecular weight heparin before and after correction

Sample Mw1 (kDa) Xvalue | X/IY% A corrected * corrected *
(1) value Mw (kDa) Content%
Heparin 15.9 182.0 91.0 10.62 17.8 101.8
sodium
Enoxaparin 4.3 179.1 89.5 | 10.56% 4.8 100.1
sodium
Nadroparin 4.5 178.3 89.2 | 10.67° 5 99.8
calcium
Heparin H 15.6 197.1 98.5 0.872 15.7 99.4

Y value is 200ug;
*: Corrected using the formula in Example 1;
a is Na%; b is Ca%.

The results of Example 2 are shown in Figure 2 and Table 1. From comparison of 2A and 2B
(heparin H and heparin sodium), it can be seen that the Rl chromatogram were the same, but at the
negative peak (due to the influence of fluidity and sample solvent, the Rl chromatogram at the salt
peak position can show either a positive peak or an inverted peak), heparin H has no Na signal, while

heparin sodium has a Na signal, and 2C and 2D (enoxaparin sodium and nadroparin calcium) also
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have Na or Ca signals, indicating that hydrogen heparin does not contain Na, while the acidic
saccharides heparin sodium, enoxaparin sodium and nadroparin calcium, dissociated on the SEC
column, and the metal ions showed delayed peaks . From Table 12, it can be seen that the Mw1 of
heparin sodium and heparin H are similar, indicating that the weight average molecular weight
directly measured by SEC-MALS was for the saccharide portion; after the metal ion content was
determined to obtain the A value, the formula in Example 1 was applied for correction. It was
found that the difference before and after correctionwas significantly increased. The X/Y% of
heparin H was close to 100%, and the corrected content for heparin sodium was close to 100%,
indicating that the SEC-MALS directly measured the content of the saccharide portion; the same
method was used to calculate weight-average molecular weight and content of enoxaparin sodium
and nadroparin calcium. In summary, after correction, SEC-MALS can be used to accurately obtain
the weight average molecular weight and content of heparin salt and low molecular weight heparin

salt.

Example 3: Verification between SEC-MALS method and mass spectrometry method

Sample: pentamannuronic diacid (Na type)

(1) Chromatography was conducted on Waters ACQUITY UPLC @ BEH125 A SEC 1.7um 4.6
x 300mm column, and 20% methanol + 80% 80mmol/L NH4Ac were used as the mobile phase, and
the flow rate was 0.1 mL/min.

(2) SEC was used in association with MALS. The sample was dissolved in the mobile phase at a
concentration of 10mg/ml and 20pl was injected.

(3) The SEC was associated with mass spectrometry. The sample was dissolved in water at a
concentration of 10 mg/ml and 10 ul was injected.

(4) Determination of metal ions in acidic saccharide by ion chromatography.

Standard solution of sodium ion was prepared to have 25, 10, 12.5, 6.25, 3.125 ppm. The
sample concentration was 2 mg/ml. Conditions for ion chromatography were as follows: pre-column:
Metrosep C4 Guard/4.0; separation column: Metrosep C5-150/4.0; mobile phase: 5mM nitric acid
solution in ultra-pure water; flow rate: 0.9 ml/min; injected volume: 20ul. External standard method
was used to determine the metal ion content.

The measurement of the metal ion content (A) of pentamannuronic diacid (Na type) was carried
out as in Example 1.

The results of Example 3 are shown in Figure 3 and Table 2.

In Figure 3, the mass spectrum B is the cumulative mass spectrum of the peak position a in the

total ion chromatogram. It can be seen from the graph B and Table C that the mass number of the
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pentamannuronic diacid measured by the mass spectrum is consistent with the theoretical mass

number. That is, the molecular weight of pentamannuronic diacid (H type) is 854-914 Da.

Table 2: SEC-MALS results of pentamannuronic diacid (Na type)

Mwl (Da) | Xvalue | XY (%) | A (‘(’,Z')“e Co”e‘zté‘;)* Mw gg;:gﬁtteg, A:;
1 907 168.8 84.4 12.4 1035.4 96.3
2 914 1716 85.8 11.9 1037.5 97.4
3 902 173.6 86.8 12.7 1033.2 99.4
average 908 171.3 85.7 12.3 1035.4 97.7
value
RSD% 0.66% | 141% | 1.41% 3.28% 0.20% 1.60%

Y is 200ug; * corrected by using the formula in Example 1.

From Table 2 of the SEC-MALS results of sodium salt of pentamannuronic diacid, it can be
seen that the weight average molecular weight determined by SEC-MALS is 908 Da; Figure 3 shows
the LC-MS result (A is the total ion chromatogram of the sodium salt of pentamannuronic diacid, B
is the mass spectrum, and C is the list of theoretical mass number). As shown in the mass spectrum,
the molecular weight was 854-914Da, which was found to be the molecular weight of
pentamannuronic diacid (H type), consistent with the result of SEC-MALS result. This further
explained that the result of SEC-MALS is the weight-average molecular weight and content of the
hydrogen-type pentamannuronic diacid without metal ions, which is consistent with the conclusion
of Example 1. After correction, the pentamannuronic diacid (sodium type) has a weight average

molecular weight of 1035 Da and a content of 97.7%.

Example 4: SEC-MALS used to determine the weight-average molecular weight and
content of P188

PI88 is an acidic saccharide containing phosphate and sulfate groups. The preparation method
can be found in Guangli Yu, Nur Sibel Gunay, Robert J. Linhardt, et al., Preparation and
anticoagulant activity of the phosphosulfomannan P1-88, European Journal of Medicinal Chemistry
37 (2002) 783-791.

Step 1: Determination of metal ion content by ICP-OES:

The line of Na 589 nm was collected, and 1mg/L, 5mg/L, and 10mg/L Na standard solution
were prepared; the sample solution concentration is prepared as 20mg/L. ICP-OES was used to

determine metal ion content.
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Step 2: measuring dn/dc of P188

The method was the same as step 2 in Example 2.

Step 3: determination of weight-average molecular weight and content by SEC-MALS

The method was the same as in step 3 of Example 2.

The results of Example 4 are shown in Table 3.

Table 3: metal ion content, dn/dc, weight average molecular weight and content before and after
calibration of P188

A value Corrected™ content
Sample dn/dc Mwl (Da) X (ug) X/IY (%) | corrected* Mw (Da)
(%) (%)
P188 14.3 0.1421 2100 167.6 83.8% 2450 97.8%

Y is 200ug; * corrected by using the formula in Example 1

As can be seen from Table 3, after correction, SEC-MALS can be used to accurately calculate
the weight average molecular weight and content of oligosaccharide P188, which contains phosphate

and sulfate group. Its weight average molecular weight is 2450 Da and the content is 97.8%.

Example 5: SEC-MALS used to determine the weight-average molecular weight and
content of sodium chondroitin sulfate

Step 1: Determination of metal ion content by flame atomic absorption:

The spectral line of Na 330.2nm was collected, and 1mg/L, 10mg/L , 50mg/L, 75mg/L, and
100mg/L Na standard solutions were prepared. External standard method was used to calculates the
concentration of metal ions in the sample (i.e., the A value), and the sample solution concentration
was 200 mg/L.

Step 2: determination of weight-average molecular weight and content by SEC-MALS

(1) Chromatography was conducted on Column TSK G3000PWXL 7.8 x 300mm, and 0.3mol/L
Na>SO4 was used as the mobile phase, with a flow rate of 0.5 mL/min, and a column temperature of
35°C.

(2) SEC was used in association with MALS, the concentration of the sample solution in the
mobile phase was 10mg/ml, and the injected volume was 25 pl.

The results of Example 5 are shown in Table 4.

Table 4: metal ion content, dn/dc and weight average molecular weight and content of sodium

chondroitin sulfate before and after correction

Sample A dn/dc Mwl (Da) | X (ug) | X/Y (%) | corrected* | corrected *

value% Mw (Da) content (%)
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Sodium 9 0.1427 17k 181.4 90.7% 18.7k 99.7%

chondroitin sulfate

Y is 200ug; * corrected by the formula in Example 1

The dn/dc in Table 4 is from the literature (Song Yujuan, Ren Liping, and Fan Huihong,
Determination of the molecular mass and distribution of chondroitin sodium sulfate, China Journal of
New Drugs, 2011, 20 (18), 1795 -1797). After correction, SEC-MALS can be used to accurately
calculate the weight-average molecular weight and content of the sodium chondroitin sulfate, which
contains sulfate and carboxylate groups. The weight-average molecular weight is 18.7 kDa and the
content is 99.7%.

Example 6: SEC-MALS used to determine the weight average molecular weight and
content of several polysaccharide soluble salts.

Both polymannuronic acid sodium and polyguluronic acid sodium contain carboxyl groups;
polymannuronic acid sulfate sodium salt, polyguluronic acid sulfate sodium and alginic sodium
diester contain carboxyl and sulfate groups; keratan sulfate and fucoidan sulfates contain sulfate
groups.

Step 1: ICP-MS was used to determine the content of metal ions

According to the literature disclosure, the polysaccharides in the above samples are all in their
Na salt forms, and thus the signal of 2Na was collected. Samples were dissolved in water at a
concentration of 0.02 mg/ml; Na standard solutions were prepared at concentrations of 0.1 ppm, 0.5
ppm, 1.0 ppm, 5.0 ppm and 10.0 ppm.

Step 2: Determination of dn/dc

The method was the same as in step 2 of Example 2.

Step 3: determination of weight-average molecular weight and content by SEC-MALS

(1) Chromatography column: see Table 5 for details.

(2) SEC was used in association with MALS. The concentration of the sample solution in the

mobile phase was 10mg/ml, and the injected volume was 20pl.

The results of Example 6 are shown in Table 5.
Table 5: Metal ion content, dn/dc, column used, weight average molecular weight and content for

several polysaccharides before and after calibration

A Mwl Corrected | Corrected
value | dn/dc column (Da) X (ug) | XIY (%) * Mw * content
(%) (Da) (%)
sodium 0| o370 | XBrGe g4 | 1786 | 893 | 6.9k 100.3
Polymannur waters beh
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onate sec 200 A
sodium salt 3.5um 7.8 x
of 300mm
Polymannur | 15.7 | 0.1401 5.3k 166 83 6.3k 98.4
onic acid
sulfate
sodium salt
of
polyguluron | 15.1 | 0.1104 8.9k 168.2 84.1 105k 99.1
ic acid
sulfate
Sodium
Polygurour | 10.8 | 0.1272 14.7k 176 88 16.5k 98.6
onate TSK
alginic G3000PWX
sodium 16 0.1411 L7.8x 15.4k 165.8 82.9 18.3 k 98.7
diester 300mm
keratan 56 | 0.1423 203k | 1836 | 918 215k 97.2
sulfate
Shodex
Fucoidan OHpak
8.3 0.1302 | SB-803 HQ 30.0k 177 88.5 32.7k 96.5
sulfate 78 x
300mm

Y is 200pg; *corrected by the formula in Example 1

From Table 5, it can be seen that after correction, SEC-MALS can be used to accurately

calculate the weight average molecular weight of the soluble salt of acid polysaccharide, and the

content was between 96-101%.

16




Claims

1. A method for determining the weight average molecular weight and the content of an acidic
saccharide soluble salt in a sample, comprising the following steps:
5 (1) determining the weight average molecular weight and content of acidic
saccharide in a sample of acidic saccharide soluble salt by SEC-MALS;
(2) measuring the weight percent content A of the salt-forming metal ions in the
acidic saccharide soluble salt, thereby correcting the measurement result of the

weight average molecular weight and content of the acidic saccharide in step (1); the

10 correction is calculated according to formula 1 and Formula 2:
. . Mwl
Weight average molecular weight My, (Da) = u—l‘q‘ ... Formula (1);

In the above Formula (1): Mw1 is the weight average molecular weight (Da) of acid
saccharide directly obtained by SEC-MALS; A is the content of the metal ion in the acidic

saccharide soluble salt;
AoE=m e X

15 Content (%)} = Y(1-A)

% 1009%...... Formula (2);

In the above Formula (2): X is the mass calculated by the spectrum processing software;
Y is the mass of the injected sample; and A is the content of metal ions in the acidic saccharide

soluble salt.

20 2. The method according to claim 1, characterized in that, the method for determining the
content of metal ions in the acidic saccharide soluble salt is selected from the group

consisting of ICP-MS, ICP-OES, atomic absorption and ion chromatography.

3. The method according to claim 1 or 2, characterized in that, the acidic saccharide soluble
25 salt has one or more selected from the group consisting of a carboxyl group, a sulfate

group, and a phosphate group.

4. The method according to claim 3, characterized in that, the saccharide chain structure of the

acidic saccharide soluble salt includes, but is not limited to, oligomannuronic diacid,
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polymannuronic acid, polyguluronic acid, alginic sodium diester, polymannuronate sulfate,
polyguluronate sulfate, heparin, low molecular weight heparin, chondroitin sulfate,
dermatan sulfate, keratan sulfate, hyaluronic acid, P188, fucoidan sulfate, carrageenan, and

dextran sulfate.

. The method according to claim 4, characterized in that, the saccharide chain structure of the
acidic saccharide soluble salt is selected from the group consisting of oligomannuronic

diacid, heparin, and low molecular weight heparin.
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