Arabian Journal of Chemistry (2022) 15, 103727

King Saud University

ovamitresd T | Arabian Journal of Chemistry

King Saud University

www.ksu.edu.sa
www.sciencedirect.com

ORIGINAL ARTICLE

Quality differentiation method of similar
phytomedicines with high sugar content based on
the sugar-marker: Taking Schisandrae Chinensis
Fructus and Schisandrae Sphenantherae Fructus as
an example

Check for
updates

Hongmei Zhang *™', Fengshu Zhou ™', Fangyi Li ™", Chunxia Zhao *",
Haixia Wang ™, Heshui Yu™", Songtao Bie *", Tongchuan Suo *"*, Zheng Li ™",
Guogiang Li‘, Chunhua Wang ““*

* College of Pharmaceutical Engineering of Traditional Chinese Medicine, Tianjin University of Traditional Chinese Medicine,
Tianjin 301617, China

b State Key Laboratory of Component-Based Chinese Medicine, Tianjin University of Traditional Chinese Medicine, Tianjin
301617, China

¢ School of Food of Science and Engineering, Foshan University, Foshan 528225, China

Received 2 December 2021; accepted 20 January 2022
Available online 25 January 2022

KEYWORDS Abstract Quality evaluation of phytomedicines is limited to small molecules as quality markers,
Selsandime Clinengs even for herbs with high sugar contents. We established a high-resolution method for distinguishing
Fructus; similar medicinal materials using sugar as quality marker, taking Schisandrae Chinensis Fructus
Schisandrae Sphenantherae (SCF) and Schisandrae Sphenantherae Fructus (SSF) as an example. High performance liquid chro-
Fructus; matography with an evaporative light-scattering detector (HPLC-ELSD), high performance size

Abbreviations: SCF, Schisandrae Chinensis Fructus; SSF, Schisandrae Sphenantherae Fructus; Mw, molecular weight; HPLC-ELSD, high
performance liquid chromatography with an evaporative light-scattering detector; HPSEC-MALLS-RID, high performance size exclusion
chromatography coupled with multi-angle laser light scattering detector and refractive index detector; HPLC-PDA, high performance liquid
chromatography with photo-diode array; PMP, 1-phenyl-3-methyl-5-pyrazolone; PCA, principal component analysis; HCA, hierarchical cluster
analysis; Na,SQ,, anhydrous sodium sulfate; RSD, relative standard deviation; TFA, trifluoroacetic acid

* Corresponding authors at: College of Pharmaceutical Engineering of Traditional Chinese Medicine, Tianjin University of Traditional Chinese
Medicine, Tianjin 301617, China.

E-mail addresses: suotc@tjutcm.edu.cn (T. Suo), lizheng@tjutcm.edu.cn (Z. Li), pharmwch(@ 126.com (C. Wang).

! Both of the authors contribute equally to this work.
Peer review under responsibility of King Saud University.

&

FLSEVIER Production and hosting by Elsevier

https://doi.org/10.1016/j.arabjc.2022.103727
1878-5352 © 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.arabjc.2022.103727&domain=pdf
mailto:suotc@tjutcm.edu.cn
mailto:lizheng@tjutcm.edu.cn
mailto:pharmwch@126.com
https://doi.org/10.1016/j.arabjc.2022.103727
http://www.sciencedirect.com/science/journal/18785352
https://doi.org/10.1016/j.arabjc.2022.103727
http://creativecommons.org/licenses/by-nc-nd/4.0/

H. Zhang et al.

Contents determination;
Molecular weight;
Monosaccharide
composition;

Quality evaluation

exclusion chromatography coupled with multi-angle laser light scattering detector and refractive
index detector (HPSEC-MALLS-RID) and high performance liquid chromatography with
photo-diode array (HPLC-PDA) after 1-phenyl-3-methyl-5-pyrazolone (PMP) pre-column deriva-
tization were used respectively to determine monosaccharide contents, molecular weights and
monosaccharide compositions of polysaccharides in this study. The differences of SCF and SSF

from ten producing areas were compared by principal component analysis (PCA) and hierarchical
cluster analysis (HCA). Results showed that contents of fructose and glucose were similar between
SCF and SSF. Molecular weight (Mw) of SCF polysaccharides was ranging from 1.561 x 107 to
6.599 x 10> kDa, and that of SSF polysaccharides was ranging from 8.524 x 10°> to
1.7416 x 10 kDa. Schisandra polysaccharides were mainly composed of mannose, galacturonic
acid, glucose, galactose and arabinose. Based on PCA and HCA, SCF and SSF from ten different
areas were classified into three categories. With great accuracy, sensitivity and stability, the methods
established in this study had important reference value for quality evaluation, development and uti-
lization of saccharide components in medicinal materials.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The selection of quality control markers of plant drugs has always
been a difficulty due to their complex compositions. Quality control
of phytomedicines is almost based on small molecules (Fan et al.,
2012; Zhao et al., 2015; Cai et al., 2021; Kumar et al., 2021). How-
ever, for phytomedicines which have high saccharide contents, small
molecules are also chosen for quality control markers (Tan et al.,
2015; Peng et al., 2016; Mohammat et al., 2017; Luo et al., 2020;
Yue et al., 2021). With the development of molecular biology, scien-
tists have recognized the importance of saccharides. In recent years,
researches have shown that polysaccharides have immunomodulatory,
anti-tumor, anti-oxidation, anti-diabetic, hypoglycemic and other
pharmacological activities (Zhao et al., 2014; Yu et al., 2018; Zhang
et al., 2018; Chen et al., 2019; Du et al., 2019; Shan et al., 2019).
More importantly, molecular weight and monosaccharide composi-
tion of polysaccharides can affect the biological activity of herbs
(Sun et al., 2009; Lo et al., 2011; Zeng et al., 2015; Chen et al.,
2017; Fang et al., 2020; Lv et al., 2021). Therefore, it might be not
comprehensive and objective to evaluate the quality of herbs with
high sugar contents by small molecular phytochemicals. A simple,
efficient and reliable method for identifying and quantifying saccha-
rides in herbs is needed. We have established quality control methods
of phytomedicines with high sugar contents using sugar as quality
marker (Cheng et al., 2021).

Schisandra (Wuweizi) is a kind of functional dietary supplement
with very high medicinal and nutritional value, which has been used
for more than 2000 years. It is divided into Schisandrae Sphenantherae
Fructus (Nan Wuweizi, SSF) and Schisandrae Chinensis Fructus (Bei
Wuweizi, SCF) in the Pharmacopoeia of People’s Republic of China
(2000), as shown in Fig. 1. SSF, the dried ripe fruit of Schisandra
sphenanthera Rehd. et Wils, is mainly produced in the south of the Yel-
low River Basin in China (Zhou, 2002) and also called “Huazhong-
wuweizi” in Chinese. Similarly, SCF is the dried fruit of S. chinensis
(Turcz.) Baill. and mainly grown in North China (Gao, 2003). Schisan-
dra can be made into tea, which can relieve fatigue and improve human
functions (Chi et al., 2016). In addition, as one of the most commonly
used phytomedicines, it can astringe lung for relieving cough, arrest
sweating and prevent diarrhea, efc. Main active ingredients in Schisan-
dra include lignans (Onay et al., 2020), polysaccharides, volatile oil and
so on (Bai et al., 2019; Liu et al., 2019; Yang et al., 2021).

Nowadays, the research on polysaccharides of SCF and SSF
mainly focuses on the content of total polysaccharides, separation,
structure characterization and pharmacological effects of polysaccha-
rides (Li et al., 2018). Qualitative and quantitative characterization
of carbohydrates concerning SCF and SSF are comparatively few.
At the same time, due to the different geographical distributions

(Sun et al., 2010), SCF and SSF also have some differences in chemical
compositions and pharmacological activities (Li et al., 2018; Wang
et al., 2018).

Therefore, taking SCF and SSF as an example, we aimed to
establish qualitative and quantitative methods to distinguish similar
phytomedicines with high sugar contents using sugar as quality
marker. High performance liquid chromatography with an evaporative
light-scattering detector (HPLC-ELSD) was used to determine
monosaccharide contents. Molecular weight (Mw) and distribution
of polysaccharides were detected by high performance size exclusion
chromatography coupled with multi-angle laser light scattering detec-
tor and refractive index detector (HPSEC-MALLS-RID). High perfor-
mance liquid chromatography with photo-diode array (HPLC-PDA)
after 1-phenyl-3-methyl-5-pyrazolone (PMP) pre-column derivatiza-
tion was used to measure monosaccharide compositions. The differ-
ences of saccharide components in Schisandra from different regions
were compared by principal component analysis (PCA) and hierarchi-
cal cluster analysis (HCA). The aim was to provide a basis for content,
compositions of saccharides and quality evaluation of Schisandra. The
results showed that the methods established in this paper were accu-
rate, reliable and stable. It is indicated that sugar could be quality mar-
ker of phytomedicines with high sugar content.

2. Materials and methods

2.1. Materials and reagents

D-mannose, rhamnose, D-galactose, D-anhydrous glucose, D-
fructose, sucrose, L-arabinose, D-xylose, D-glucuronic acid,
D-galacturonic acid, maltose and I-phenyl-3-methyl-5-
pyrazolone reagent were all purchased from Yuanye Biological
Technology Co., Ltd (Shanghai, China). Anhydrous sodium
sulfate (Na,SO4) was purchased from Tianjin North Tianyi
Chemical Reagent Factory (Tianjin, China). Biological preser-
vative (Proclin 300) and ammonium acetate were purchased
from Beijing Solaibo Technology Co., Ltd (Beijing, China).
Chromatography-grade methanol and acetonitrile were pur-
chased from Fisher (Hampton, NH, USA). All other reagents
were of analytical grade. Pure water was produced by Milli-Q
Ultrapure Water System (Q-POD, Millipore, Illkirch-
Graffenstaden, France).

Five batches of SSF and five batches of SCF were pur-
chased from Anhui Yishengyuan Chinese Medicine Decoction
Pipe Technology Co., Ltd (Anhui, China). They were authen-
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Fig. 1

SCF (a) and SSF (b).

Table 1 The details of samples. Table 3 The results of monosaccharide contents.
Herbs Regions Batch number Regions Fructose (mg/g) Glucose (mg/g)
SCF Qingyuan, Liaoning 181201 Shandong 69.02 59.84
Fushun, Liaoning 190301 Hunan 43.07 35.87
Xiuyan, Liaoning 181201 Shanxi 38.22 -
Changbaishan, Jilin 181201 Henan 52.94 -
Benxi, Liaoning 181201 Hubei 34.92 29.42
SSF el 190301 angyuan,.Lla(?mng 33.41 27.74
Fushun, Liaoning 30.04 28.18
Hunan 190201 . .
. Xiuyan, Liaoning 31.40 29.52
Shanxi 190301 . =
Changbaishan, Jilin 33.24 31.27
Henan 190101 Benxi, Liaonin 44.23 44.04
Hubei 181201 : & : :
Note: “-” means that the measurement cannot be made accurately.

ticated by Dr. Chunhua Wang from Tianjin University of Tra-
ditional Chinese Medicine. Voucher specimens have been
deposited in the College of Pharmaceutical Engineering of Tra-
ditional Chinese Medicine, Tianjin University of Traditional
Chinese Medicine (Tianjin, China). The details of samples
are listed in Table 1.

2.2. Methods

2.2.1. Determination of monosaccharide contents

2.2.1.1. Preparation of solutions. Preparation of sample solu-
tions: Powder of Schisandra (2.0 g) was accurately weighed
using electronic balance (AL204, Mettler Toledo Instruments
Co., Ltd, Shanghai, China), added 20 mL pure water, and
extracted at an ultrasonic cleaner (KQ2200DB, Kunshan

Ultrasonic Instrument Co., Ltd, China) for 30 min. Then they
were filtered to the sample solutions.

Preparation of standard solution: Fructose (40.08 mg) and
glucose (44.52 mg) were accurately weighed using 1/100000
electronic analytical balance (AB135-S, Mettler Toledo Instru-
ments Co., Ltd, Shanghai, China) and dissolved in 5.0 mL
pure water to obtain the standard solution.

2.2.1.2. Chromatographic conditions. Monosaccharide contents
were measured by HPLC (Waters Alliance €2695, Waters, Mil-
ford, MA, USA) on a YMC-Pack NH,/S-5 pm/12 nm column
(250 x 4.6 mm, i.d.) at 30 °C. The mobile phase was acetoni-
trile-water (79:21) at a flow rate of 1.0 mL/min. Twenty micro-
litre of the samples was loaded respectively onto the column.
The ELSD (2424, Waters, Milford, MA, USA) drift tube

Table 2 The results of method validation for monosaccharide contents determination.

Herb Monosaccharides Regression Equation R? Linear Range  Precision Repeatability Stability Recovery
(mg/mL) RSD% RSD% RSD% RSD%
Schisandra  Fructose Y = 1.23799X + 6.14241 0.9996 0.25050-8.016  0.05 0.14 0.09 1.41

Glucose Y = 1.26135X + 5.95357 0.9992

0.27825-8.904 0.04 0.16 0.18 3.76




2.2.2.1. Extraction of polysaccharides. One gram of SCF and
SSF powder from different areas was separately heated with
30 mL pure water to reflux for 3 h, then centrifuged
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Fig. 2 PCA diagram of monosaccharide contents.
was 60 °C, neb heater was 60%, the carrier gas pressure was 35
psi, and the gain was set at 10. a . — s
—dRI
2.2.1.3. Method validation. A HPLC-ELSD method was devel-
oped for determining monosaccharide contents of SCF and
SSF. The analytical procedure was validated according to o
international guidelines for linearity, precision, repeatability, §
stability and recovery. 205
The logarithm of standard concentration was used as .‘..j_‘:
abscissa (X), and the logarithm of peak area was used as ordi- ~
nate (Y) for linear regression.
The standard solution was measured six times continuously \
by HPLC-ELSD. The relative standard deviation (RSD) of
peak area (after logarithm) was calculated for precision. 004 1| 2] 3 =
Sample solutions were prepared six copies in parallel, and T T T T T T
the peak area was determined. Repeatability was evaluated 0 > 19 2 20 23 30 34 0
by the RSD of peak area’s logarithm. time (min)
Sample solutions were measured at different times (0, 2, 4, b Lo
8, 12 h) for stability. The RSD of peak area (after logarithm) ’ —Ls
was calculated. —
Powder of SCF with known glucose and fructose contents
was accurately weighed and added standard solution equiva-
lent to the content of each component to validate the recovery. %
w
2.2.1.4. Determination of fructose and glucose contents. Powder é 051
of five batches of SCF and five batches of SSF from various )
areas was weighed respectively, and sample solutions were pre-
pared according to the method (Section 2.2.1.1). Samples were
injected separately according to the chromatographic condi-
tions (Section 2.2.1.2) to determine the peak area and calculate N
contents. W — 1 2|3/
0 s 10 Is 2 25 30 35 40
2.2.2. Determination of molecular weight dimeiuiin

Fig. 3 HPSEC-MALLS-RID chromatograms of SCF (a) and
SSF (b) polysaccharides.



Quality differentiation method of similar phytomedicines with high sugar content based on the sugar-marker

Table 4 Results of molecular weight (Mw) of SCF and SSF polysaccharides.

Regions

Peak 1 Mw (kDa) and Error

Mw/[Mn and Error

Qingyuan, Liaoning

Benxi, Liaoning

Changbaishan, Jilin

Xiuyan, Liaoning
Fushun, Liaoning
Shanxi

352.3 (£0.9%)
659.9 (£1.8%)
156.1 (£ 1.4%)
238.7 (£4.2%)
304.1 (£4.9%)
1549.4 (£ 1.1%)

2.624 (£1.236%)
1.838 (+2.878%)
2.342 (2.466%)

3.652 (& 1.432%)

Hunan 852.4 (£1.0%) 3.191 (£1.313%)
Henan 1163.2 (+£0.8%) 3.170 (£0.993%)
Hubei 1064.1 (+£0.8%) 3.085 (£ 1.025%)
Shandong 1741.6 (£1.0%) 3.560 (£ 1.300%)
Note: “-” means that the measurement cannot be made accurately.

(3750 r/min, 10 min). The supernatant was concentrated by
rotary evaporation to 10 mL and mixed with four volumes
of 95% ethanol. It was kept at 4 °C overnight. The precipitate
was obtained by centrifugation (3750 r/min, 10 min), and
heated to remove residual ethanol (60 °C). The dry precipitate
was dissolved in 10 mL water (60 °C), then swirled and
centrifuged (3750 r/min, 10 min). The supernatant was cen-
trifuged (2220 r/min, 22 min) by ultrafiltration centrifuge tube
(3 kDa intercalated molecular weight), and the solution was
condensed using a rotary evaporator (FDU-2110, EYELA,
Tokyo, Japan) to obtain polysaccharides (Deng et al., 2018;
Niu et al., 2017).

2.2.2.2. Preparation of solutions. Preparation of sample solu-
tions: Polysaccharides of SCF and SSF were weighed and
added into the liquid to make a polysaccharide solution with
a concentration of 2 mg/mL. By filtering through the
0.22 um microporous membrane, the filtrate was used as test
solution of samples.

Preparation of standard solution: Dextran (3 mg/mL, Mw:
40 kDa) was prepared as standard solution.

2.2.2.3. Determination of molecular weight. HPSEC-MALLS-
RID is an efficient and powerful technique for analyzing
molecular weight and distribution of natural polymers (Wu
et al., 2015). Molecular weight of polysaccharides can be
obtained through the Rayleigh Light Scattering Equation
(Hu et al., 2013), which is an ideal method for determination
of molecular weight. In this article, molecular weight and poly-
dispersion index were determined by high performance size

exclusion chromatography (LC-20AD, Shimadzu, Kyoto,
Japan) coupled with multi-angle laser light scattering detector
(DAWNS, WYATT Technologies, Inc., Santa Barbara, USA)
and refractive index detector (RID-20A, Shimadzu, Kyoto,
Japan) on a TSKgel GMPWy column (7.8 mm x 30 cm, i.
d.; 13 pm) at 35 °C. Samples were eluted with 0.7% Na,SO,4
(containing 0.02% Proclin 300) at a flow rate of 0.6 mL/min.
An injection volume of 100 pL was used. The MALLS was
normalized by standard solution (Deng et al., 2018). And poly-
dispersion index is equal to Mw divided by Mn.

2.2.3. Analysis of monosaccharide composition
2.2.3.1. Preparation of solutions. Preparation of sample solu-
tions: Polysaccharides were hydrolyzed with 2.0 mol/L trifluo-
roacetic acid (TFA) at 100 °C for 6 h (Mpolysaccharides:
Vrtea = 2:1). The hydrolysate, with excess TFA removed by
repeated co-distillations with methanol, was dissolved with
purified water (Mpolysaccharides: V2o = 2:1) (Li et al., 2014).
Two hundred microlitres of the above was taken to a tube,
added 200 pL. PMP-methanol solution (0.5 mol/L) and 200 pL
sodium hydroxide solution (0.3 mol/L), respectively. After
swirling, the hydrolysate was derivatized at 70 °C for 30 min,
then added 200 pL hydrochloride solution (0.3 mol/L) after
cooling to room temperature. Subsequently, the sample solu-
tion was added 1.0 mL chloroform, blended and centrifuged
for 10 min at 8000 r/min to remove the excess PMP. The super-
natant was repeated likewise three times with chloroform.
HPLC was used to determine the final supernatant.
Preparation of standard solution: Substances of
D-mannose (5.42 mg), D-galactose (10.36 mg), D-glucose

Table 5 Method validation results of monosaccharide composition of polysaccharides.

Herb Saccharides Regression Equation (n = 2) R? Linear Range Precision Repeatability Stability Recovery
(mg/mL) RSD% RSD% RSD%  RSD%
Schisan-dra mannose Y = 3.92936 x 107X 0.9998 0.004234-0.542 0.18 1.57 0.42 2.46
—161305.99342
galacturonic Y = 2.65277 x 10X 0.9995 0.003883-0.497 3.72 3.26 4.69 13.08
acid —7395.44074
glucose Y = 2.57369 x 107X 0.9999 0.020094-2.572 0.21 1.50 0.38 3.97
—164114.79357
galactose Y = 425721 x 10’X 0.9999 0.008094-1.036 0.15 1.38 1.46 3.82
—144499.49303
arabinose Y = 498127 x 107X 0.9999 0.004375-0.56 0.14 1.52 1.58 3.84

—147001.78776
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Fig.4 HPLC-PDA chromatograms of PMP derivatization of mixed standard solution and polysaccharide hydrolysate of SCF and SSF.

(25.72 mg), L-arabinose (5.60 mg), and D-galacturonic acid
(4.97 mg) were weighed precisely and dissolved into 10 mL
pure water to prepare the mixed standard solution. The deriva-
tization method of the mixed standard solution was the same
as that of the polysaccharide hydrolysate.

2.2.3.2. Chromatographic conditions. Monosaccharide compo-
sitions were determined by HPLC (ACQUITY Arc, Waters,
Milford, MA, USA) on a Kromasil 100-5 C;3 column
(5 um, 4.6 mm x 250 mm) at 35 °C with a PDA detector
(2998, Waters, Milford, MA, USA) at 250 nm. The mobile
phase was made of acetonitrile (A) and 0.1 mol/L ammonium
acetate solution (B) (A: B = 84:16, v/v) at a flow rate of
1.0 mL/min. An injection volume of 20 pL was used.

2.2.3.3. Method validation. Method validation was carried out
to verify reliability and feasibility of the method which was
used to determine monosaccharide composition of SCF and
SSF polysaccharides.

The mixed standard solution was diluted to different multi-
ples (2, 4, 8, 16, 32, 64, 128), then they were determined after
derivatization. Linear regression was performed with stan-
dards concentration as abscissa (X) and chromatographic peak
area as ordinate (Y).

Precision was assessed by measuring mixed standard solu-
tion after derivatization six times continuously. The RSD of
peak area was calculated.

Repeatability of analysis of monosaccharide composition
method was the same as that of determination of monosaccha-
ride contents method. Only the sample solutions were replaced
to that under Section 2.2.3.1.

SCF polysaccharides were made into sample solution
according to Section 2.2.3.1. Then it was measured at different
time (0, 2, 4, 6, 8, 10, 12 h) and analyzed the peak area. Stabil-
ity was calculated by the RSD of peak area.

SSF polysaccharides were weighed and added standard
solution equivalent to the content of each compound. Six
copies were derived in parallel and measured the peak area
to validate the recovery.

2.2.34. Monosaccharide composition of polysaccharides.
Different sample solutions were prepared following the
method (Section 2.2.3.1) individually. HPLC was used to
measure monosaccharide composition of polysaccharides
according to chromatographic conditions (Section 2.2.3.2).

2.2.4. Statistical analysis

The Origin 2019b software was used to perform PCA and
HCA analysis. PCA analysis is used to study the similarity
and difference between various samples. On the PCA graph,
the closer the distribution points are, the more similar the sam-
ples are (Lv et al., 2018). The dimensionality reduction process
was used to obtain two principal components. PCA analysis
was performed on monosaccharide contents and its composi-
tions of polysaccharides. Meanwhile, HCA was performed
on the results of monosaccharide composition of polysaccha-
rides, and hierarchical clustering was performed using the
inter-group connection method and average Euclidean
distance.

3. Results and discussion

3.1. Determination of monosaccharide contents

A quantitative analysis method for monosaccharide contents
of SCF and SSF was established based on HPLC-ELSD,
and its methodology was investigated. The precision of instru-
ment, stability and repeatability of samples determination were
all less than 0.2%. Meanwhile, the RSD of recovery were less
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Table 6 Results of monosaccharide composition of SCF and SSF polysaccharides.

Regions Mannose (mg/mL)  Galacturonic Acid (mg/mL)  Glucose (mg/mL)  Galactose (mg/mL)  Arabinose (mg/mL)
Hubei 0.0196 0.1421 0.1566 0.1258 0.0387
Shandong 0.0199 0.1253 0.1824 0.1373 0.0383
Henan 0.0199 0.1109 0.1288 0.1175 0.0309
Hunan 0.0155 0.0934 0.1238 0.0963 0.0253
Shanxi 0.0150 0.0849 0.1293 0.0947 0.0256
Benxi, Liaoning 0.0562 0.0967 0.2249 0.0362 0.0288
Qingyuan, Liaoning  0.0595 0.1301 0.1860 0.0415 0.0335
Fushun, Liaoning 0.0307 0.0685 0.8031 0.0361 0.0196
Xiuyan, Liaoning 0.0326 0.0649 0.7212 0.0390 0.0184
Changbaishan, Jilin ~ 0.0572 0.0785 0.1531 0.0319 0.0267

than 5% (Table 2), indicating that this method was reliable
and reproducible. It can be used to determine monosaccharide
contents of SCF and SSF. The results were shown in Table 3.

The contents of glucose and fructose of SCF and SSF were
analyzed by PCA. Principal components 1 and 2 were used to
obtain PCA scatter plots. The cumulative variance contribu-
tion rate reached 100%, as shown in Fig. 2. It can be seen
visually that monosaccharide contents among different
regions were distinct. The contents of fructose and glucose of
Schisandra were similar, but there were differences among
different origins of SSF.

3.2. Determination of molecular weight

HPSEC-MALLS-RID was used to determine molecular
weight and distribution of polysaccharides in SCF and SSF
from different regions. The polysaccharide samples of SCF
and SSF were eluted a variety of different molecules between
16.25 and 20.00 min. The Mw of peak 2 and peak 3 could
not be accurately determined (Fig. 3). Because the molecular

weight was large and its distribution of polysaccharides was
wide. Meanwhile, the separation effect of gel chromatography
column was poor. The Mw and polydispersion index of
polysaccharide fractions (peak 1) were shown in Table 4.
The results showed that the range of Mw for polysaccharide
fractions (peak 1) of SCF was from 1.561 x 10° to
6.599 x 10> kDa, and that for polysaccharide fractions
(peak 1) of SSF was from 8.524 x 10% to 1.7416 x 10* kDa.
The Mw of SSF polysaccharides were higher than that of
SCF. And polydispersion indexes of SSF polysaccharides were
more similar and higher than that of SCF polysaccharides.
This suggested that the distribution of molecular weight of
SSF  polysaccharides was wider than that of SCF
polysaccharides.

3.3. Analysis of monosaccharide composition

Pre-column derivatization combined with HPLC method was
used to determine monosaccharide composition of SCF and
SSF polysaccharides, and the methodological investigation
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PCA diagram of SCF and SSF polysaccharides.
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was carried out. The RSDs of instrument precision were from
0.14% to 3.72%. That of samples repeatability and stability
were 1.38%-3.26% and 0.38%-4.69%, all less than 5%
(Table 5). The results showed that this method was reliable
and repeatable. The method could be used to determine
monosaccharide compositions. The monosaccharides were
identified by the relative retention time. HPLC-PDA chro-
matograms of PMP derivatization were shown in Fig. 4. The
results of monosaccharide composition were shown in Table 6.
It showed that polysaccharides of SCF and SSF from different
origins were mainly composed of mannose, galacturonic acid,
glucose, galactose and arabinose. However, monosaccharide
composition of polysaccharides from various regions was sig-
nificantly different.

3.3.1. The results of PCA

Using Origin 2019b software, PCA was performed on the
monosaccharide composition of SCF and SSF polysaccharides
after hydrolysis. The cumulative variance contribution rate of
two principal components reached 89.97%. PCA scatter plots
were obtained for principal components 1 and 2, as shown in
Fig. 5. The samples of SCF from Xiuyan, Fushun (Liaoning)
belonged to the first category. The samples from Benxi, Qin-
gyuan (Liaoning) and Changbaishan (Jilin) were classified into
the same category. The samples of SSF from Hubei, Shan-
dong, Henan, Hunan and Shanxi provinces belonged to one
category.

3.3.2. The results of HCA

The monosaccharide contents of mannose, galacturonic acid,
glucose, galactose and arabinose after hydrolysis were used
as clustering variables, as shown in Fig. 6. The results of
HCA showed that Xiuyan, Fushun (Liaoning) belonged to
one type. Benxi, Qingyuan (Liaoning) and Changbaishan
(Jilin) were another type. The monosaccharide composition
from Xiuyan, Fushun (Liaoning) was quite different from that
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Fig. 6 HCA results of SCF and SSF polysaccharides.

of other origins. The samples of SSF from Hubei, Shandong,
Henan, Hunan, and Shanxi were the same category, and
monosaccharide composition of their polysaccharides was sim-
ilar. The result of HCA analysis was the same as that of PCA.

Schisandra polysaccharides have important application
value in food, medicine or other fields, and their biological
activities are often affected by contents and compositions.
Therefore, saccharide contents and monosaccharide composi-
tions of polysaccharides are one of the important indexes to
measure the quality. However, saccharides are water-soluble,
and chemical structures of polysaccharides are complex and
difficult to determine, which leads to certain difficulties in
the qualitative and quantitative analyses. In this study, we
established a quantitative analysis method for monosaccharide
contents of SCF and SSF based on HPLC-ELSD. HPSEC-
MALLS-RID was used to determine the molecular weight of
SCF and SSF polysaccharides. The monosaccharide composi-
tions were detected by HPLC-PDA with PMP pre-column
derivatization. PCA and HCA were used to compare the dif-
ferences between SCF and SSF from various areas.

4. Conclusion

This study showed that SCF and SSF from ten producing areas had
differences in saccharide contents and monosaccharide compositions
of polysaccharides. The herbs could be divided into three categories
according to methods we established. This suggests that sugar could
be quality marker to evaluate the quality of phytomedicines with high
sugar content. The results were similar for PCA and HCA. The meth-
ods developed in this paper were simple, accurate and stable. It pro-
vides fast and reliable methods for the identification and quality
control of Schisandra. Furthermore, more quality control methods
using sugar as marker are needed for distinguishing similar phy-
tomedicines with high saccharide contents.
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