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Ophiopogon japonicus (Thunb.) Ker Gawl., is a traditional Chinese medicine (TCM) 
with a history of thousands of years. O. japonicus polysaccharides (OJPs), as 
one of the main active ingredient, are a kind of representative pharmacological 
bioactive macromolecules and mainly composed of Glc and Fru with molecular 
weight between 2.48 and 325  kDa. OJPs have a variety of biological activities, 
such as hypoglycemic, cardioprotective, immunomodulatory, improvement of 
obesity, and renal protective activity. In this review, the extraction, purification and 
structural characterization of OJPs were systematically reviewed, and its biological 
function, molecular mechanism and structure–activity relationship were analyzed. 
Additionally, this review summarized and found that structural modifications such as 
liposome modification, sulfation modification, and polyethylene glycol modification 
have improved the pharmacological activity and bioavailability of OJPs. Overall, 
this work will help to better understand OJPs and provide a theoretical review of 
their further development and utilization in the field of medicine and health food.
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1 Introduction

Ophiopogon japonicus (Thunb.) Ker Gawl., also called dwarf lilyturf or Maidong, its 
tuberous roots is a well-known herb that has been used extensively in traditional Chinese 
medicine (TCM) for thousands of years (1). O. japonicus is a perennial evergreen herb in the 
lily family and mainly distributed in East, South, and South-east Asia (including China, Japan, 
Korea and India), as shown in Figure 1. It is known that O. japonicus was first recorded in the 
Shen Nong’s Herbal Classic and has been regarded as yin-tonifying medicine in the field of 
TCM (3). According to the records of O. japonicus in the 2015 edition of Chinese 
Pharmacopoeia and Shen Nong’s Herbal Classic, O. japonicus acts on the heart, lung and 
stomach meridians, slightly cool, tastes sweet and light bitter (4, 5). In addition, O. japonicus 
has the function of nourishing Yin and promoting fluid, moistening lung and clearing heart, 
mainly used for the treatment of lung dryness and cough, hematemesis, lung carbuncle, thirst 
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quenching, dry throat and dry mouth, constipation and other diseases. 
Modern pharmacological studies have confirmed that O. japonicus 
contains various chemical components, such as steroid saponins, 
flavonoids, polysaccharides, organic acids and phenols, which were 
shown to exhibit various pharmacological activities, including anti-
inflammatory, anti-diabetes, anti-oxidation, anti-tumor, 
neuroprotective, antiviral, liver protective etc. (6–8).

Many plants, animals and fungi distributed in nature contain 
polysaccharides. Polysaccharides are important natural 
macromolecules widely distributed in nature, which are composed of 
more than 10 monosaccharides linked by glycosidic bonds (9). As one 
of the important active components, polysaccharides are widely 
involved in a variety of physiological regulation processes and have 
been paid more and more attention in recent years. It cannot 
be  ignored that O. japonicus is also rich in polysaccharides. It is 
reported that O. japonicus polysaccharides (OJPs) have a variety of 
biological activities, including anti-diabetes, anti-inflammatory, 
kidney protection, hepatoprotective and immunomodulatory activity 
(10–12). The expression of these biological activities is closely related 
to the diversity of their structures. Therefore, in order to obtain 
polysaccharides with different biological activities, many studies have 
used different extraction methods, purification methods and chemical 
structure modification methods to obtain polysaccharides with 
different molecular structures.

In view of the great development potential of OJPs and in order 
to fully understand OJPs, this review systematically summarized the 
extraction, purification methods, structural characteristics and 

pharmacological activities of OJPs in recent years. Finally, the 
structure–activity relationship and structural modification of OJPs 
were discussed. It is hoped that this review can provide a meaningful 
reference for the development and application of OJPs.

2 Extraction and purification of OJPs

2.1 Extraction of OJPs

Extraction refers to the method of retrieving valuable elements 
from a substance through different mechanical or chemical 
procedures, like solvent processing, distillation, desiccation, or 
centrifugal force. The biological activity of polysaccharides depends 
on its structure, and the extraction method is an important factor 
affecting the structure of polysaccharides, so it is very important to 
choose appropriate extraction methods to extract polysaccharides. 
The extraction methods of OJPs include hot water, ultrasound-
assisted, microwave-assisted and enzyme extraction. In Table  1, 
we  make a comprehensive comparison of the commonly used 
extraction methods and list their advantages and disadvantages.

Polysaccharides are macromolecular compounds with polar 
properties, which are soluble in polar solvents, such as water and 
ethanol. Hot water extraction is a popular and widely used laboratory 
extraction method for extracting polysaccharides (13). In this 
process, O. japonicus was mixed with hot water, stirred and filtered, 
and then precipitated and centrifuged with ethanol to obtain crude 

FIGURE 1

The herb of Ophiopogon japonicus (A) the dry root tuber of O. japonicus (Adapted from (2) and The Lancet with permission from Elsevier) (B), and the 
distribution diagram worldwide of O. japonicus (Adapted from (2) and The Lancet with permission from Elsevier) (C) Ophiopogon japonicus via GBIF.org.
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polysaccharide OJPs. Distilled water at 90°C was extracted for 3 
times, and 95% ethanol was precipitated and concentrated to obtain 
OJP with an average polysaccharide content of 98.50% (14). Xiong 
et al. (15) treated the broken tubers of O. japonicus with 85% ethanol 
to remove pigments, polyphenols and monosaccharides, then stirred 
at 90°C for 4 h. the extract was deproteinized with 5% trichloroacetic 
acid (TCA) at −20°C and 15 min, 4 times the volume of ethanol 
precipitated at 4°C, the yield of crude polysaccharide OJP was 
30.36 ± 0.87%. Hot water extraction has the advantages of low cost 
and simple operation, but it also has some disadvantages, such as low 
purity, long extraction time, need a lot of water. Meanwhile, 
extraction temperature, extraction time, extraction times, ratio of 
material to liquid and other factors can affect the extraction rate of 
polysaccharides (13).

Ultrasonic-assisted extraction is an effective technique for OJP 
extraction. Under the action of ultrasonic cavitation, mechanical effect 
and thermal effect, the extraction efficiency of polysaccharides can 
be improved and the structure of polysaccharides can be modified to 
improve its biological activity. Ultrasonic-assisted extraction method 
solves the problems of high temperature and low extraction efficiency 
of traditional water extraction method and alcohol precipitation 
method, However, too long ultrasonic-assisted extraction time may 
destroy the structure of OJPs. Meanwhile, due to the limitations of 
instruments and equipment in the industrial field, ultrasonic 
extraction cannot be widely used (16). Under ultrasonic conditions of 
80 W for 10 s, intermittent for 15 s, repeated 90 times, ethanol 
precipitation, dialysis, concentration and lyophilization to obtain OJP, 
the extraction rate of 11.87% (17).

The enzyme-assisted extraction conditions are mild and the cell wall 
is hydrolyzed by related enzymes, which is not easy to destroy the 
structure of polysaccharides and can improve the extraction rate of 
polysaccharides (18). However, this method has more strict requirements 
on extraction temperature, pH and other conditions. The corresponding 
enzymes were selected according to the properties of polysaccharides. 
The commonly used enzymes are pectinase, cellulase, trypsin, and starch 
glucosidase (19, 20). A variety of enzymes (21) can also be used in the 
combined method. The mixed solution of 1% amylase, 0.50% papain, 2% 
cellulase and 1.80 kg O. japonicus powder was mixed and stirred at 55°C 
for 1 h. After boiling water extraction and ethanol precipitation, the yield 
of OJP crude polysaccharide was 0.88% (22).

As a new extraction technology, microwave-assisted extraction 
enters plant glands, trichomes and vascular systems through 
microwave energy, which increases intracellular pressure and 

eventually leads to cell wall rupture and polysaccharide release. Chen 
et al. (23) studied the effects of microwave power, extraction time and 
liquid–solid ratio on the yield of polysaccharides by response surface 
methodology, and finally determined that the best extraction process 
of OJP was microwave power 300 tW, extraction time 15 min and 
liquid–solid ratio 40:1. The microwave-assisted extraction method has 
high extraction rate and short extraction time, but the instrument is 
expensive, so it is not suitable for large-scale production (24).

A single extraction method for OJPs extraction will inevitably 
have some limitations. In the future, other extraction technologies, 
such as supercritical fluid extraction, subcritical water extraction, 
ultrasound-microwave synergistic extraction and ultrasound-assisted 
enzyme extraction, can be  used to coordinate the extraction of 
polysaccharides and improve the extraction rate of polysaccharides 
(25). However, there is no report on which new extraction method can 
be used for industrial-scale OJPs extraction. It is well known that 
different extraction methods directly affect the chemical composition, 
structure and biological activity of polysaccharides in vitro and in vivo. 
Therefore, it is necessary to further study the relationship between 
extraction methods and the structure and biological activity 
of polysaccharides.

2.2 Purification of OJPs

After extraction, crude polysaccharides contain a large number of 
impurities, including proteins, pigments and other substances, which 
should be  further isolated and purified to obtain higher purity 
polysaccharides. Ethanol precipitation is a simple and widely used 
method for the separation of OJPs. Polysaccharides are 
polyhydroxyaldehydes or ketones that are soluble in water. The 
addition of ethanol to the aqueous solution of polysaccharides can 
destroy the hydrogen bond in the aqueous solution of polysaccharides, 
thus reducing the solubility of polysaccharides in water and making 
the polysaccharides precipitate. Chen et al. (26) obtained OJP from 
O. japonicus by precipitating the crude extract with 95% EtOH (1:4, 
v/w). Zhang et  al. (27) were precipitated with 80% ethanol and 
centrifuged to obtain OJP. In most studies, ethanol precipitation was 
used to obtain OJPs. However, the polysaccharides obtained by 
ethanol precipitation are not pure and are easy to wrap some small 
molecules and need to be further purified.

After ethanol precipitation, crude polysaccharides are mixed with 
protein, pigment and other impurities. Sevag method is usually used 

TABLE 1 Comparison of advantages and disadvantages of extraction methods from OJPs.

Polysaccharides extraction 
methods

Advantages Disadvantages Reference

Hot extraction Simple operation, simple process and 

economic

High temperature affects polysaccharide 

content, long time, low extraction rate and 

large energy consumption

(13)

Ultrasonic-assisted extraction High extraction rate, low energy 

consumption, short extraction time

Ultrasonic instruments are needed and 

low efficiency of large-scale extraction

(16)

Enzyme-assisted extraction Mild conditions, convenient 

operation, environmental protection 

and high extraction rate

Specific enzymes are needed and the 

influencing factors are complex

(19, 20)

Microwave-assisted extraction Low consumption of energy and 

solvent, a higher extraction rate and a 

shorter extraction time

High equipment requirements and a 

specific extractant is required

(24)
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to remove protein from polysaccharide solution. The Sevag method is 
based on the denaturation of proteins in chloroform and other organic 
solvents. The polysaccharide extract was mixed with Sevag reagent 
[chloroform: n-butanol = 4:1] according to a certain proportion, 
shaken well, and the supernatant obtained by centrifugation was the 
polysaccharide solution for partial protein removal (11). The 
advantage of Sevag method is that the condition is mild and it will not 
cause the denaturation of polysaccharides, but the protein removal 
rate is not high, and it often needs multiple operations to achieve 
satisfactory results. The principle of TCA method is that it forms 
irreversible precipitation with protein under the action of organic 
acid, which has good deproteinization effect and high efficiency (28). 
Xiong et al. (15) used this method to remove protein and purify OJPs. 
However, TCA method is easy to destroy the original structure of 
polysaccharides and hydrolyze some polysaccharides. As proteins, 
papain and cellulase are usually used to hydrolyze proteins, so they 
can be used to remove proteins. There are many factors affecting the 
enzymatic hydrolysis process, and the order is enzyme 
dosage > pH > enzymatic hydrolysis time > enzymatic hydrolysis 
temperature (29). 3% papain was used to hydrolyze proteins in crude 
polysaccharides, and the yield of OJP was 55.20 ± 1.86% (30). The 
pigments in polysaccharides affect the color and purity of OJPs and 
need to be decolorized. The commonly used methods are activated 
carbon decolorization, macroporous resin adsorption decolorization 
and H2O2 method (31, 32). The macroporous adsorption resin has a 
porous frame structure, which can adsorb pigments through the 
specific surface area and pore size of the mesh to achieve the purpose 
of decolorization. Wang et al. (33) used D101 macroporous resin to 
remove pigments from OJP. Another study found that 2% activated 
carbon had the best decolorization effect at 50°C for 30 min (34).

Column chromatography is the most widely used method to 
purify OJPs. The main column chromatography methods are ion 
exchange column chromatography and gel filtration column 
chromatography. The commonly used ion exchange column filler, 
such as DEAE-52 cellulose column, is a kind of anion exchanger. The 
principle of adsorbing acidic polysaccharides instead of neutral sugars 
was used to separate neutral sugars and acidic sugars. In addition, the 
ion exchange column also has certain functions of decolorization and 
impurity removal. The commonly used gel column chromatography 
fillers are Superdex and Sephadex. Sephadex G series separates 
polysaccharides with different molecular weights according to the size 
of cross-linking. The greater the cross-linking is, the tighter the mesh 
structure is, so it is suitable for the separation of small molecular 
polysaccharides. The crude polysaccharides were deproteinized and 
dissolved in distilled water by Sevag method, then applied to DEAE-52 
cellulose column, eluted, concentrated, dialyzed and lyophilized by 
increasing the concentration of NaCl (0.01 m ~ 1.0 m). Finally, the 
sample OJP2 was further purified by Sephadex G-150 (11). Zhang 
et al. (27) concentrated the deproteinized polysaccharide solution on 
a DEAE cellulose-52 column, eluted with distilled water, and collected 
the eluent. Wang et  al. (17) used DEAE-52 cellulose column and 
Sephadex G-150 gel column to separate O. japonicus polysaccharide 
(POJ-U1a) with a molecular weight of 4.02 kDa. Lin et  al. (35) 
extracted crude polysaccharides by water extraction and alcohol 
precipitation, and then purified OJP by DEAE Sepharose Fast Flow 
and Sephadex G-25 chromatographic columns.

In summary, the purification process of polysaccharides is divided 
into three steps. First of all, the crude polysaccharides were ethanol 
precipitation, deproteinized and decolorized. Then, the 

polysaccharides were fractionated by column chromatography, 
including ion exchange chromatography, gel permeation 
chromatography and affinity chromatography. Finally, uniform pure 
polysaccharides were obtained by concentration, dialysis, freeze-
drying and other steps. Many methods can be  used to purify 
polysaccharides, but there is no standard purification method at 
present. In addition, the current pure methods are mostly used in 
laboratories and are difficult to use in industry. Therefore, it is 
necessary to develop a low-cost, green, sustainable and efficient 
polysaccharide purification technology to obtain high-quality OJPs on 
an industrial scale. The characteristics of OJPs extraction and 
purification, including extraction methods, time, temperature, solid–
liquid ratio, total yield, and purification techniques, are summarized 
in Table 2.

3 Structural characterization

The OJPs has a complex and diverse structure, which may 
be caused by different raw materials, extraction methods, purification 
methods and modification techniques. Due to the structural 
differences, OJPs has different physical and chemical properties and 
rich biological activities. The structural characteristics of OJPs were 
mainly determined by high performance liquid chromatography 
(HPLC), Fourier transform infrared spectroscopy (FTIR), gas 
chromatography (GC), nuclear magnetic resonance (NMR) and gas 
chromatography–mass spectrometry (GC–MS). These methods can 
be used to reveal the composition and structural characteristics of 
OJPs, so as to provide support for the biological activity and 
application of OJPs. Table 3 summarizes the information about OJPs, 
including name, molecular weight, monosaccharide composition, 
chemical structure, biological activity, structural characterization 
method and related references. The extraction, purification, structural 
features, and biological activities of OJPs are shown in Figure 2.

3.1 Monosaccharide compositions

Monosaccharide composition analysis is an important step in the 
structure analysis of polysaccharides. Monosaccharide composition 
analysis is generally carried out complete acid hydrolysis of 
polysaccharides, so that the glycosidic bonds of polysaccharides are 
completely broken. After hydrolysis, neutralization, filtration, 
derivatization and other treatments are required, and then GC, GC–
MS and high performance anion exchange chromatography-pulsed 
amperometric detector (HPAEC-PAD) are used to determine (36, 37). 
The monosaccharides and molar ratio of OJPs obtained from different 
raw materials or different extraction processes are different, but OJPs 
mainly contains fructose (Fru) and glucose (Glc), a small amount of 
arabinose (Ara), mannose (Man), galactose (Gal) and xylose (Xyl). The 
POJ-U1a obtained by ultrasonic method was only composed of Glc by 
GC analysis (17). In another study, OJP was obtained by water 
extraction and alcohol precipitation and Sephadex G-25 column 
purification, structural analysis showed that OJP was composed of Fru 
and Glc at 17:1 (38). The OJP1, GC analysis of OJP1 was mainly 
composed of Ara, Glu and Gal, with a relative molar ratio of 1:16:8 by 
DEAE-52 cellulose and Sephadex G-100 purification (14). OJPs from 
different sources of O. japonicus were also extracted by microwave, and 
the monosaccharide composition of polysaccharides was determined 
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TABLE 2 A summary of OJPs extraction and purification methods.

Part Extraction Purification References

Polysaccharide 
fraction

Method of 
extraction

Liquid/solid 
ratio

Time (min) Temperature °C Power 
(w)

Extraction 
rate (%)

Polysaccharide 
fraction

Purification 
methods

Yield (%)

O. japonicus root – Hot water extraction – 180 90 – – OJP2 DEAE-52 cellulose 

column, Sephadex 

G-150

– (11)

O. japonicus root OJP1 Hot water extraction 180 90 – – OJP1 DEAE-52 cellulose 

column, Sephadex 

G-100

– (14)

O. japonicus tuber – Hot water extraction 90 – 30.36 ± 0.87 OJP1 DEAE-Sepharose fast 

flow column, 

Sepharose 6 Fast Flow 

column

– (15)

O. japonicus root POJ-U1 Ultrasonic 

extraction

15 – 80 11.87 POJ-U1a DEAE-52 cellulose 

column, Sephadex 

G-150 gel column

1.25 (17)

O. japonicus root ROH Enzyme-assisted 

extraction

55 0.88 ROHO5 DEAE Sepharose™ 

Fast Flow column

16.40 (22)

O. japonicus root OJZ1 Microwave-assisted 

extraction

40:1 15 300 – OJZP1 – 7.30 (23)

O. japonicus root OJC1 Microwave-assisted 

extraction

40:1 15 300 – OJCP1 – 12.80 (23)

O. japonicus root LM1 Microwave-assisted 

extraction

40:1 15 300 – LMP1 – 14.50 (23)

O. japonicus root LS1 Microwave-assisted 

extraction

40:1 15 300 – LSP1 – 14.60 (23)

O. japonicus root – Hot water extraction 180 90 – – OJP1 DEAE-52 cellulose 

column, Sephadex 

G-100

– (26)

O. japonicus root – Hot water extraction – 30 100 – – OJP DEAE-52 cellulose 

column

55.20 ± 1.86 (30)
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TABLE 3 The polysaccharides isolated from Ophiopogon japonicus.

No. Compound name Monosaccharide 
compositions

Molecular weight 
(kDa)

Possible structures Bioactive activities Structural 
characterization 
method

Reference

1 OJP2 Rha, Ara, Xyl, Glu, Gal = 0.50: 

5: 4: 1: 10

88.10 2,5-Me-Xyl (1,3-linked Xyl), 

2,3,4-Me-Gal (1,6-linked Gal) and 

part of Ara were major components 

of the backbone structure, part of 

Ara and Gal were distributed in 

branches, and residues of branches 

terminated with Rha, Glc and Gal

Antioxidant activity HPGPC, GC–MS, GC, IR (11)

2 OJP1 Ara, Glu, Gal =1: 16: 8 35.20 Hypoglycemic, hepatoprotective and 

renal protective activity

GC, HPGPC (14)

3 OJP1 Man, Glu 2.74 Contained a small quantity of sulfate 

group and uronic acid

Antioxidant and immunoregulatory 

activity

GC, IR (15)

4 OJP2 Rha, Xyl, Ara, Glu 124.30 Contained a small quantity of sulfate 

group and uronic acid

Antioxidant and immunoregulatory 

activity

GC, IR (15)

5 OJP3 Ara, Glu 324.65 Contained a small quantity of sulfate

group and uronic acid

Antioxidant and immunoregulatory 

activity

GC, IR (15)

6 OJP4 Rha, Glu 6.75 Contained a small quantity of sulfate 

group and uronic acid

Antioxidant and immunoregulatory 

activity

GC, IR (15)

7 POJ-U1a – 4.02 The backbone of POJ-U1a was 

1,6-α-d-glucopyranose and 

1,3,6-α-d-glucofuranose in the 

molar ratio of 7:3, while the 

branched chains were mainly 

composed of 1,3-α-d-glucopyranose 

and 1-α-d-glucopyranose in the 

molar ratio of 1:3

Antioxidant activity IR, 13C NMR, GC–MS (17)

8 ROH05 Gal 16.70 1, 4-linked β-d-Galp and 1, 4, 

6-linked β-d-Galp and branching 

chain containing T-linked β-d-Galp 

attached at C-6 position of 1, 4, 

6-linked β-d-Galp

13C NMR, GC, GC–MS (22)

9 OJZP1 Fru: Glc: Ara: Man: Gal: 

Xyl = 87.73: 5.57: 1.00: 0.94: 

0.61: 0.31

6 – Antioxidant and immunoregulatory 

activity

HPSEC-MALLS-RID (23)

(Continued)

https://doi.org/10.3389/fnut.2024.1484865
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Z
h

an
g

 et al. 
10

.3
3

8
9

/fn
u

t.2
0

24
.14

8
4

8
6

5

Fro
n

tie
rs in

 N
u

tritio
n

0
7

fro
n

tie
rsin

.o
rg

TABLE 3 (Continued)

No. Compound name Monosaccharide 
compositions

Molecular weight 
(kDa)

Possible structures Bioactive activities Structural 
characterization 
method

Reference

10 OJCP1 Fru: Glc: Ara: Man: Gal: 

Xyl = 164.22: 10.83: 1.00: 1.09: 

0.87: 0.32

12 – Antioxidant and immunoregulatory 

activity

HPSEC-MALLS-RID (23)

11 LMP1 Fru: Glc: Ara: Man: Gal: 

Xyl = 161.76: 14.41: 1.00: 0.35: 

0.58: 0.21

6.80 – Antioxidant and immunoregulatory 

activity

HPSEC-MALLS-RID (23)

12 LSP1 Fru: Glc: Ara: Man: Gal: 

Xyl = 236.06: 17.31: 1.00: 0.89: 

0.64: 0.35

17 – Antioxidant and immunoregulatory 

activity

HPSEC-MALLS-RID (23)

13 OJP Fru, Glu = 29: 1 4.93 The backbones were formed by 

Fruf-(2→, 2 → 2)-Fruf-(6→, →6)-

Glcp-(1 → and → 1, 2)-Fruf-(6→)

Anti-diabetic activity NMR, FT-IR, GC–MS (30)

14 OJP Fru, Glu = 17: 1 2.48 Promote ginsenoside metabolism (38)

15 OGP Glu 10.70 Immunoregulatory activity HPGPC (64)

Glc, glucose; Gal, galactose; Man, mannose; Ara, arabinose; Xyl, xylose; Rha, rhamnose; Glu, glucose; Fru, fructose; FT-IR, Fourier transform infrared spectroscopy; NMR, nuclear magnetic resonance; HPGPC, high-performance gel permeation chromatography; GC, 
gas chromatography; GC–MS, gas chromatography–mass spectrometry; HPSEC-MALLS-RID, high performance size exclusion chromatography coupled with multi-angle laser light scattering and refractive index detector; IR, infrared spectroscopy.
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by HPAEC-PAD. The results showed that the molar ratios of Fru to Glc 
in polysaccharides of Zhe MaiDong and Chuan MaiDong were about 
15:1 and 14:1, respectively, indicating that the monosaccharide 
composition of polysaccharides from different sources was the same, 
but the content was not different (23). Detailed data on the composition 
of OJPs monosaccharides are shown in Table 3.

3.2 Molecular weights

The molecular weights of polysaccharides is one of the important 
factors affecting the expression of its biological activity. The accurate 
determination of the molecular weights of polysaccharides is the basis 
for analyzing the structure of polysaccharides. At present, the main 
methods to determine the molecular weights of polysaccharides are 
HPLC (39), high performance gel permeation chromatography 
(HPGPC) (40), high performance size exclusion chromatography 
coupled with multi-angle laser light scattering and refractive index 
detector (HPSEC-MALLS-RID) (41). It is worth noting that HPLC and 
HPGPC is the most commonly used method for determining the 
molecular weights of polysaccharides, which has the advantages of 
simple operation and high accuracy. HPSEC-MALLS-RID is a more 
powerful tool than HPGPC and HPLC, which can be used to determine 
molecular weight (Mw) of polysaccharides (42). Most of the Mw of 
OJPs obtained from different raw materials and extraction and 
purification methods range from 2.48 to 325 kDa, as shown in Table 3.

3.3 Chemical structure

Glycosidic bond is a special chemical bond between glycoside and 
glycoside or between glycosyl and glycosyl (43). The order or position 
of glycosyl groups affects the properties of polysaccharides (44). To 
obtain the primary structural repeat units of polysaccharides, a 
combination of periodate oxidation, smith degradation, methylation 
analysis, GC–MS, FT-IR, and NMR spectroscopy is required. A 
purified polysaccharide (MDG-1) was obtained by ultrafiltration, 
DEAE Sepharose FF and Sephadex G-25 column chromatography and 
contained a backbone composed of Fruf (2 → 1) and a branch of Fruf 
(2 → 6) Fruf (2→) per average 2.8 of main chain residues, it also 
contains trace of α-D-Glc (45). Wang et al. (17) analyzed the structure 
of POJ-U1a by GC, smith degradation, methylation analysis, GC–MS 
and NMR. It was found that POJ-U1a was an α-configuration 
polysaccharide with a highly branched structure, and consisted of 
pyranoside and funanside. The backbone of POJ-U1a was 1,6-α-d-
glucopyranose and 1,3,6-α-d-glucofuranose in the molar ratio of 7:3, 
while the branched chains were mainly composed of 1,3-α-d-
glucopyranose and 1-α-d-glucopyranose in the molar ratio of 1:3. A 
novel polysaccharide (OJP) with an hypoglycemic effect was isolated 
and purified, and the main chain of OJP was composed of Fruf-(2→, 
2 → 2)-Fruf-(6→, →6)-Glcp-(1→ and →1,2)-Fruf-(6→ with a molar 
ratio of 6.80:15.80:1.00:5.80) (30). In addition, the results of GC–MS 
analysis showed that the main components of the OJP1 backbone 
structure were 2,3,4-Me-Glc (1,6-linked Glc), 2,3,6-Me-Glc (1,4-
linked Glc), and 2,3-Me-Glc (1,4,6-linked Glc), part of Glc and Gal 
were distributed in branches, and residues of branches terminated 
with Ara, Glc, and Gal (26). A water-soluble polysaccharide (OJP2), 
was precipitated with 95% ethanol and purified by DEAE-52 cellulose 
anion-exchange and Sephadex G-100 gel filtration chromatography, 

the GC–MS results indicated that 2,5-Me-Xyl (1,3-linked Xyl), 2,3,4-
Me-Gal (1,6-linked Gal) and part of Ara were major components of 
the backbone structure, part of Ara and Gal were distributed in 
branches, and residues of branches terminated with rhamnose (Rha), 
Glc and Gal (11).

From the above analysis, it can be seen that the OJPs obtained 
from different raw materials and separation and purification processes 
have structural diversity, which lays a solid structural foundation for 
the diversity of its biological activity. As shown in Figure 3, some of 
the structure of OJPs is shown. Future research should give priority to 
a more comprehensive understanding of primary and high-level 
structures and the relationship between structures and activities. In 
addition, the development of advanced and efficient technologies is 
essential for elucidating the chemical structures or functional groups 
that play a pharmacological role.

4 Biological activities of OJPs

The polysaccharides extracted from O. japonicus have been 
proved to have certain biological activities and are beneficial to human 
health. At present, a large number of studies have shown that OJPs has 
many biological activities, such as hypoglycemic, cardioprotective, 
immunomodulatory, improvement of obesity, hepatoprotective, 
hypolipidemia, anti-oxidation, anti-tumor, anti-inflammation, renal 
protective, and other biological activities.

4.1 Hypoglycemic activity

Diabetes mellitus is a series of metabolic disorders of protein, fat 
and electrolyte caused by insufficient absolute or relative insulin 
secretion and reduced sensitivity of target tissue cells to insulin (46). 
Hyperglycemia is the main feature of diabetes, which can lead to a 
variety of diseases, such as diabetic nephropathy, cardiovascular 
disease and retinopathy (47, 48). Research have shown that more than 
100 million people in China have been diagnosed with diabetes, so 
finding and developing safe and effective hypoglycemic drugs plays a 
positive role (49).

Studies have shown that OJPs have a positive therapeutic effect on 
diabetes. In the insulin resistance (IR)-induced HepG2 cell model, 
OJP up-regulated the mRNA and protein expressions of 
phosphoinositide 3-kinase (PI3K), protein kinase B (Akt), insulin 
receptor (InsR) and peroxisome proliferators-activated receptors γ 
(PPARγ) in IR HepG2 cells and decreased the mRNA and protein 
levels of protein tyrosine phosphatase 1B (PTP1B). This indicates that 
OJP improve the glucose uptake capacity of HepG2 cells by regulating 
the PI3K/Akt signaling pathway, thus playing a hypoglycemic role 
(30). Wang et al. (50) studied the hypoglycemic activity of OJP in 
diabetic KKAy mice. After the establishment of the model, the mice 
were fed with OJP for 75 and 300 mg/kg/days, respectively, for 8 weeks, 
the results showed that OJP could reduce blood glucose and improve 
insulin resistance in mice. In a follow-up study, OJP down-regulated 
the expression of PI3K/p85, AKT, InsR, insulin receptor submatter-1 
(IRS-1) and glucose transporter type 4 (Glut-4), down-regulated the 
expression of glycogen synthase kinase 3β (GSK-3β), and played a 
hypoglycemic effect through InsR/InsR-1/PI3K/Akt/GSK-3/Glut-4 
signaling pathway. Adiponectin is an endogenous protein secreted by 
mature adipocytes and plays an important role in the regulation of 
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FIGURE 2

Schematic diagram of extraction, purification, structural features, and biological activities of polysaccharides isolated from O. japonicus.
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FIGURE 3

The possible structural features of OJPs. (A) The structural features of POJ-U1a (Reprinted from (17) and The Lancet, with permission from Elsevier). (B) The 
structural features of ROH05 (Reprinted from (22) and The Lancet, with permission from Elsevier). (C) The structural features of OJP (Reprinted from (30) 
and The Lancet with permission from Elsevier). (D) The structural features of ROP (Reprinted from (103) and The Lancet with permission from Elsevier).

glucose metabolism and insulin sensitivity (51). As one of the types of 
diabetes mellitus, gestational diabetes may lead to abnormal embryo 
development, abortion and fetal deformity. Adiponectin levels in rats 
with gestational diabetes mellitus were significantly lower than those 
in normal rats, blood glucose and insulin levels after OJP intervention 
were significantly lower than those in the gestational diabetes mellitus 
model group, and adiponectin levels in serum, adipose tissue and 

placenta of rats with OJP group were significantly increased (52). Xu 
et al. (53) also found that oral OJP of 300 mg/kg significantly improved 
the oral glucose tolerance of diabetic mice, and reduced insulin level 
and triglyceride content. Interleukin-1β (IL-1β) can activate nuclear 
factor-κB (NF-κB) signal pathway and cause islet β cell dysfunction, 
which leads to hyperglycemia. In vivo, it was found that Maidong 
polysaccharides extract (MPE) protect pancreatic β cells, further cell 
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experiments showed that MPE could reduce the gene expression of 
IL-1β, NF-κB, tumor necrosis factor-α (TNF-α) and interferon-γ 
(IFN-γ), thus reduce pancreatic inflammation and enhance glucose-
stimulated insulin secretion (GSIS) (54, 55). The possible antidiabetic 
activity mechanism of OJPs is summarized in Figure 4.

4.2 Cardioprotective activity

Ophiopogon japonicus has been widely used to treat 
cardiovascular diseases for thousands of years and has shown 
remarkable efficacy. In addition to clinical evidence, various 
experiments have confirmed that this drug has anti-arrhythmia, 
inhibition of platelet aggregation, reversal of myocardial ischemia, 
improvement of microcirculation and other effects (56, 57). As one 
of the main components of O. japonicus, OJP also showed 
cardioprotective effects. A water-soluble β-D-fructan (MDG-1) from 
O. japonicus protect cardiomyocytes and HMEC-1 cells from oxygen 
glucose deprivation (OGD)-induced injury and protect 
cardiomyocytes from ischemic death after coronary artery ligation 
in rats. Further mechanism studies showed that MDG-1 promoted 
the expression of sphingosine kinase 1 and sphingosine-1-phosphate 
(S1P) receptor 1, induced the expression of basic fibroblast growth 
factor (bFGF) in HMEC-1 cells, and induced Akt and extracellular 
signal-regulated kinase (ERK) phosphorylation in a dose-and time-
dependent manner, thus protecting cardiomyocytes from ischemia-
induced damage (58). S1P plays a crucial role in the occurrence and 
treatment of ischemic diseases. Wang et al. (59) also confirmed that 
exogenous MDG-1 stimulates the increase of S1P by activating 
SPHK, which leads to the phosphorylation of downstream signal 
effectors Akt and ERK through S1P receptor phosphorylation on the 

cell surface, thus exerting the effect of anti-myocardial ischemia. 
Oxidative stress causes cell death through multiple mechanisms and 
drives further damage of ischemic myocardium. In the rat model of 
isoproterenol (ISO)-induced myocardial injury, OJP (100, 200, and 
300 mg/kg) could further improve myocardial enzyme indexes 
[aspartate aminotransferase (AST), lactate dehydrogenase (LDH), 
creatine kinase (CK) and creatine kinase isoenzyme-MB (CK-MB)] 
by reducing the elevation of ST segment and cardiac index, 
increasing the activities of superoxide dismutase (SOD), glutathione 
peroxidase (GPx) and catalase (CAT) in serum and myocardium, 
and reducing the level of malondialdehyde (MDA) (60). These results 
suggest that OJP protects cardiomyocytes from injury by enhancing 
endogenous antioxidant activity. Similarly, OJP increased antioxidant 
enzyme levels and improved cardiovascular function on 
cardiovascular injuries in diabetic rats (61). The possible 
cardioprotective activity mechanism of OJPs is summarized in 
Figure 5.

4.3 Immunomodulatory activity

Immune regulation is a physiological function of the body to 
recognize and exclude antigenic foreign substances to maintain 
physiological balance and stability. Abnormalities of the immune 
system can lead to a variety of diseases, such as rheumatoid arthritis, 
systemic lupus erythematosus, inflammatory bowel disease (62). 
Polysaccharides play an immunomodulatory role by activating 
immune cells (including T cells, B cells, dendritic cells, macrophages 
and natural killer cells), as well as by activating complement and 
promoting cytokine production (63).

FIGURE 4

Schematic representation of the possible mechanism of antidiabetic activity of OJPs.
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Dendritic cells (DC) are the strongest antigen presenting cells at 
present, and they are the central link in initiating, regulating and 
maintaining immune response. Immature DC have strong migration 
ability and mature dendritic cells stimulate immune response by 
contacting T cells. OJPs promote the maturation of DC by prolonging 
the dendrites and increasing the level of nitric oxide (NO), thus 
improving the ability of immune response (64). Macrophages are not 
only the key participants of innate immune response, but also the 
important effector cells of immune response. There are mannose 
receptors, glucan receptors and polysaccharide receptors related to 
phagocytosis on the surface of activated macrophages. Phagocytosis 
of macrophages plays an important role in maintaining balance in vivo 
and is a key link of non-specific immunity (65, 66). In vitro and in vivo 
experiments showed that both OJP liposome (OPL) and OJP could 
significantly enhance the phagocytic activity of macrophages and play 
an immunomodulatory role (67, 68). Kupffer cells (KCs) is the largest 
number of macrophages in the body. Other experiments in vitro have 
found that OPL could significantly promote the phagocytosis of KCs, 
induce the secretion of nitric oxide (NO), induced nitric oxide 
synthase (iNOS), IL-6 and IL-12, and improve the expression of CD80 
and CD86, thus enhance non-specific and specific immune function 
(69). Sulfonated modified OJP (OPS) enhanced its immune activity by 
promoting lymphocyte proliferation and increasing serum antibody 
titer, which was stronger than that of unmodified polysaccharides (70).

MicroRNA (miRNA), as a small non-coding RNA molecule 
regulated by endogenous gene expression, binds to the target gene 
mRNA, regulates the expression of target genes at the post-
transcriptional level, and then participates in pathophysiological 
processes such as development, immunity and metabolism (71). High-
throughput sequencing confirmed that miR-1338 was related to the 
immunomodulatory activity of OJP. Further mechanism studies 

showed that after transfection of miR-1338 inhibitor, OJP promoted 
the secretion of NO, inducible iNOS and postoperative delirium 
(POD), improved phagocytosis and cell migration, increased the 
expression of mRNA and protein of toll-like receptor4 (TLR4), 
myeloid differentiation primary response gene 88 (MyD88), inhibitor 
of kappa B kinase (IKK β) and NF-κB, and inhibited cell apoptosis and 
ROS secretion. It is suggested that OJP increase the activity of KCs by 
regulating miR-1338 to activate TLR4-NF-κB signal pathway. OJP can 
increase the activity of macrophages by regulating miR-1338 to 
activate TLR4-NF-κB signal pathway (72). Cui et al. (73) also reached 
a similar conclusion that after transfection of miR-4796, OPL promote 
the secretion of NO, iNOS and reactive oxygen species (ROS), 
promote cell migration, phagocytosis and the expression of CD14 and 
major histocompatibility complex II (MHC II). The mRNA and 
protein expression levels of TLR4, MyD88 and NF-κB were 
significantly increased. These results suggest that OPL can regulate the 
immune activity of KCs by regulating miR-4796, activating TLR4-
NF-κB signal pathway. The possible immunomodulatory activity 
mechanism of OJPs is summarized in Figure 6.

4.4 Regulating intestinal microbial and 
improving obesity activities

Due to sedentary lifestyles and excessive caloric intake, the 
prevalence of obesity is increasing globally each year. It is worth 
noting that obesity can cause a variety of diseases, including 
hypertension, dyslipidemia, type 2 diabetes, cardiovascular 
diseases, etc. (74). It is very necessary to seek safe and effective 
drugs to treat obesity and related diseases. MDG-1, a polysaccharide 
extracted from the roots of O. japonicus, can cause weight loss in 

FIGURE 5

Schematic representation of the possible mechanism of cardioprotective activity of OJPs.
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obese mice without suppressing appetite or increasing physical 
activity, mainly by increasing oxygen and energy consumption, 
causing weight loss in obese animals and reducing the content of 
adipose tissue. In addition, MDG-1 can also improve plasma lipid 
profile, reduce leptin secretion, reduce liver lipid accumulation, and 
increase the expression of liver lipid and energy metabolism related 
genes (75). Zhang et  al. (76) also confirmed that MDG-1 can 
control weight gain without inhibiting the appetite of mice fed a 
high-fat diet. Further study found that MDG-1 could increase the 
abundance of A. muciniphila. A. muciniphila stimulates the 
production of short chain fatty acids (SCFAs) to bind G-protein 
coupled receptor 41 (GPR41), G-protein coupled receptor 43 
(GPR43) and adenosine 5′-monophosphate (AMP)-activated 
protein kinase (AMPK) and activate recipient PPARγ to limit 
energy intake and downregulate the glucose content. On the other 
hand, A. muciniphila depressed mRNA expression of SREBP-1c, 
FASN, ACC-1, PPARγ and increased PPAR α to inhibit lipogenesis 
and promote lipid differentiation and oxidation. Further restore 
lipid homeostasis in the host. Urinary metabolomics studies based 
on UPLC-TOF/MS have shown that MDG-1 can slightly improve 
metabolic disorders and weight gain in obese C57BL/6 mice (77). 
Gut microbiota, which refers to a complex ecosystem composed of 
bacteria, fungi, viruses and other microorganisms living in the 
human intestinal tract, has been gradually revealed in recent years 
in the mechanisms involved in host nutrition uptake, energy 

regulation and metabolic disorders (78, 79). The MDG-1 of 300 mg/
kg was given to obese male C57BL/6 mice induced by high-fat diet 
for 12 weeks, the metabonomic analysis showed that MDG-1 could 
reduce the ratio of streptomyces to pseudomonas and regulate the 
abnormal gut microbiota to normal. In addition, MDG-1 can 
be degraded and utilized by intestinal microflora, which in turn can 
be absorbed and utilized by the host, thus playing a role in weight 
loss (80). The possible regulating intestinal microbial and 
improving obesity activity mechanism of OJPs is summarized in 
Figure 7.

4.5 Hypolipidemic and hepatoprotective 
activity

With the extensive development of antiviral therapy, the 
proportion of viral hepatitis caused by chronic hepatitis virus infection 
has decreased. The continuous improvement of people’s living 
standards and changes in lifestyle, compared with the past, people 
consume more high-calorie food, coupled with sedentary habits, 
which leads to the incidence of non-alcoholic fatty liver disease 
(NAFLD) is rising year by year. According to epidemiological data, the 
incidence of NAFLD in adults worldwide has reached 38% (81). 
Diabetic patients are often complicated with liver function injury and 
dyslipidemia, which affect the life span and quality of life of patients. 

FIGURE 6

Schematic representation of the possible mechanism of immunomodulatory activity of OJPs.

https://doi.org/10.3389/fnut.2024.1484865
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Zhang et al. 10.3389/fnut.2024.1484865

Frontiers in Nutrition 14 frontiersin.org

FIGURE 7

Schematic representation of the possible mechanism of OJPs involved in regulating gut microbial, improving obesity, hypolipidemic and 
hepatoprotective activity.

O. japonicus polysaccharide (OJP1) had obvious reversal effect on 
triglyceride (TG), total cholesterol (TC), in diabetic rats, and 
biochemical and pathological analysis showed that OJP1 improved 
liver injury (14).

Gut microbiota and lipid metabolism have been proved to 
be closely related to the occurrence and development of NAFLD (82). 
In the model of NAFLD mice induced by high-fat diet, MDG-1 can 
improve the liver injury and reduce the accumulation of lipids in the 
liver. Further studies have shown that MDG-1 can increase the 
abundance of intestinal probiotics, such as Alistipes, Ruminiclostridium, 
and Rikenella, which are degraded into SCFAs by intestinal flora, 
regulate the level of AMPK signal pathway and lipid synthesis gene in 
liver, thus improve the lipid metabolism of HFD mice and reduce the 
process of NAFLD (45). A. muciniphila is a mucus-degrading bacteria 
in the intestinal tract, which produces SCFAs, activates G-protein-
coupled cell surface receptors distributed in the intestine, liver and 
other tissues, increases energy intake and fat decomposition, and 
alleviates NAFLD (83). MDG-1 can promote SCFA-producing 
bacteria, including A. muciniphila, stimulate the production of SCFAs, 
thus improving liver lipogenesis and dyslipidemia caused by high-fat 
diet. Meanwhile, MDG-1 could improve intestinal mucosal proteins 
Occludin, Zonula occludens 1 (ZO-1) and recombinant mucin 2 
(Muc-2), thus maintaining the permeability and integrity of intestinal 
barrier (76). Male C57BL/6 mice were randomly divided into three 
groups: low-fat diet, high-fat diet and high-fat diet plus 5% MDG-1, 
gene microarray analysis and reverse transcription-polymerase chain 
reaction (RT-PCR) showed that MDG-1 could inhibit PPARγ, activate 
PPARα, up-regulate the expression of PPARs-related liver X receptor 
α (LXRα) and cholesterol 7-alpha hydroxylase (CYP7A1), and inhibit 

the level of sterol regulatory element-binding protein-1 (SREBP-1c) 
to accelerate cholesterol intake and excretion (84). The possible 
hypolipidemic and hepatoprotective activity mechanism of OJPs is 
summarized in Figure 7.

4.6 Antioxidant activity

Reactive oxygen species (ROS) are oxygen radicals found in living 
organisms, comprised of oxygen molecules and highly reactive 
oxygen-containing molecules (such as superoxide anion, hydroxyl 
radical, and hydrogen peroxide) (85). When the body is healthy, an 
adequate amount of ROS can eliminate aging and mutated cells. 
However, excessive ROS can lead to oxidative damage, degradation of 
proteins, deoxyribonucleic acid (DNA), and other biomolecules, 
resulting in aging, cancer, cardiovascular disease, diabetes, heart 
attacks, and other illnesses (86, 87). Hence, supplementing the body 
with antioxidants from external sources is essential to combat or 
alleviate oxidative stress. The potent antioxidant properties of natural 
polysaccharides have attracted increasing attention and interest from 
researchers (88, 89).

As a stable free radical, 2,2-diphenyl-1-picrylhydrazyl (DPPH) 
radical is easily scavenged by antioxidants, so free radical scavenging 
test is a common method to determine the antioxidant capacity of 
polysaccharides. Ultrasonic extraction of POJ-U1a steadily increased 
the scavenging activity of DPPH free radicals in the range of 
0.25 ~ 8 mg/mL, and the scavenging ability of DPPH free radicals 
reached 35.08% at 8 mg/mL. Meanwhile, when the concentration of 
POJ-U1a was 8 mg/mL, the scavenging activity of hydroxyl radical and 
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superoxide anion scavenging rate reached 32.50 and 45.01% 
respectively, which indicated that POJ-U1a had strong antioxidant 
activity (17). In clinical and experimental diabetes, the pathogenesis 
of diabetes has been proved to be closely related to oxidative stress. 
GPx, SOD and MDA can be used as indexes to evaluate the antioxidant 
activity of active substances (90). In the diabetic rat model, compared 
with the control group, OJP treatment significantly improved the 
levels of SOD, GPx and MDA in serum, liver and kidney of diabetic 
rats, which provided a theoretical basis for further study of OJP as an 
alternative means to prevent and reduce diabetes and its complications 
(14). In the H2O2-induced HaCaT cell injury or glucose-induced LO2 
cell injury model, Fan et al. also confirmed that OJP can increase the 
SOD and NO production activity, and reduce the level of MDA to 
achieve antioxidant protection (11). Zhe MaiDong, Chuan MaiDong, 
Duanting Shan MaiDong, and Hubei MaiDong from different 
producing areas were obtained by the same extraction and purification 
method and named OJZP, OJCP, LMP and LSP, respectively. Further 
antioxidant capacity test showed that the antioxidant capacity of OJZP 
was similar to that of OJCP in scavenging 2,20-azino-bis 
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) free radicals, which 
was much higher than that of LMP and LSP, indicating that OJP from 
different areas had different antioxidant capacity, which had a certain 
guiding significance for the cultivation and utilization of OJP (23).

4.7 Other activities

In addition to the above biological activities, OJPs also has other 
biological activities, such as anti-viral, anti-inflammatory, anti-
apoptosis, renal protection, and anti-Sjogren’s syndrome activity. 
Wang et al. (91) found that O. japonicus polysaccharide (MDG-1) 
reduced glomerular mesangial dilatation and tubulointerstitial fibrosis 
and down-regulated the expression of transforming growth factor-
beta 1 (TGF-β1) and connective tissue growth factor (CTGF) in 
diabetic nephropathy mice at 300 mg/kg, thus reducing extracellular 
matrix (ECM) deposition in renal tissue and achieving renal protective 
effect. 2,3,5,4′-tetrahydroxy stilbene-2-o-β-d-glucoside (THSG) is a 
polyhydroxy stilbene compound with a wide range of biological 
activities extracted from polygonum multiflorum. Due to its poor 
stability in vitro, poor intestinal absorption and short storage time in 
tissues, the application of THSG is limited. OJP could improve the 
water solubility and stability of THSG in vitro and prolong its 
pharmacological effect (92). In addition, OJP could promote the 
metabolism of Ophiopogon saponins and ginsenosides, which is 
mainly related to the stimulation of intestinal flora (33, 39). Li et al. 
(93) found that MDG-1 could reduce the proportion of Bax/Bcl-2 
protein, the expression of caspase-3 and the secretion of inflammatory 
factors (TNF-α, IL-1β, IL-6, and Cox-2) in hydrogen peroxide (H2O2)-
induced oxidative stress cell model of human umbilical vein 
endothelial cells (HUVECs) to protect HUVECs from H2O2-induced 
apoptosis and inflammation. In LPS-stimulated macrophage models, 
the levels of inflammatory factors NO and IL-8 were reduced after 
treatment with OJP (94, 95).

The value of cell A570 is an index reflecting the antiviral activity 
of polysaccharides and is positively correlated with the number of 
living cells. The average virus inhibition rate of unmodified 
O. japonicus polysaccharide (OPS) was 26.15%, and the antiviral 
activity was significantly enhanced after sulfation modification, up to 

55.03% (27). As one of the common autoimmune diseases, Sjogren’s 
syndrome is mainly characterized by xerostomia and dry 
keratoconjunctivitis. In the mouse model of SS autoallergy, the 
decrease of saliva was improved, the amount of drinking water and 
SMG index increased after OJP treatment, but there was no regulation 
of food intake. Further analysis showed that OJP could decrease both 
the serum level of IFN-γ and IFN-γ/IL-4 ratio to regulate the Th1/Th2 
cytokine imbalance (96).

5 Structural modification

The biological activity of polysaccharides mainly depends on its 
molecular structure. Structural modification (including physical, 
chemical and biological methods) can improve the biological activity 
of polysaccharides or make polysaccharides produce new activities 
(97, 98). Commonly used structural modifications include alkylation, 
acetylation, selenylation, carboxymethylation, and sulfonation.

5.1 Liposome modification

Liposome is a kind of artificial microvesicle whose water core is 
wrapped in one or more phospholipid bilayers. As an effective drug 
carrier, liposome can improve the efficacy and bioavailability of drugs. 
Compared with traditional polysaccharides, the combination of 
liposomes and polysaccharides not only has lower toxicity and fewer 
side effects, but also can enhance the biological activity of 
polysaccharides, such as anti-inflammation, antioxidation and 
immunomodulation, these properties can directly affect the 
physiological function of human body (99, 100). Usually, soy 
phospholipids and cholesterol are dissolved in chloroform, and then PBS 
containing OJP is injected into the chloroform solution. The mixture 
was homogenized to form a stable oil emulsion. Then the emulsion was 
evaporated into a colloid, hydrated with PBS, and then homogenized for 
20 min to form a uniform liposome. Finally, OPL was obtained by 
filtering liposomes with 0.45 and 0.22 μm microporous membranes, 
respectively. Compared with OJP, OPL can significantly activate 
macrophages, promote the expression of IL-1β, TNF-α, monocyte 
chemoattractant protein 1 (MCP-1) and MIP-1β, and improve the level 
of immune response (68). In vivo experiments have also confirmed that 
compared with OJP, OPL could significantly improve the immune 
efficacy and reduce the mortality and morbidity of chicks, which may 
be due to the fact that OPL can enhance cellular and humoral immunity, 
and maintain higher lymphocyte proliferation, antibody titer and the 
proportion of CD4+ and CD8+ T lymphocyte subsets for a long time 
(67). In addition, OPL can increase the secretion of NO, iNOS and POD 
by regulating miR-1338, promote cell phagocytosis and migration, 
increase the expression of TLR4, MyD88, IKKβ and NF-κB mRNA and 
protein, inhibit cell apoptosis and ROS secretion, thereby improving 
Kupffer cell activity (72). In conclusion, the liposome of OJP can 
significantly enhance the immune-enhancing activity of OJP.

5.2 Polyethylene glycol modification

Polyethylene glycol (PEG) is a process in which PEG polymer 
chains are covalently attached to therapeutic molecules, which can 
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significantly improve the pharmacokinetics of drugs, prolong the 
residence time in vivo, optimize tissue distribution and reduce adverse 
reactions (101). It is well known that OJP has anti-myocardial ischemia 
effect, but due to its short half-life in vivo, in order to improve the 
retention time of OJP in the body, using carboxymethylated radix 
ophiopogonis polysaccharide (ROP) and amino-terminated 
methoxy-PEG to form potentially bioactive PEGylated ROPs. Further 
study showed that compared to ROP (whose half-life is about 0.7 h), 
PEGylated ROPs have a half-life of 78.4 h in the blood after intravenous 
administration, and their mean residence time in the body is further 
significantly extended when given subcutaneously (102). Lin et al. 
(103) also confirmed that the half-life of PEGylated ROPs increased 
by 47.40 times and retained about 74% of ROP biological activity. The 
study on the tissue distribution of PEGylated ROP showed that the 
area under the curve of PEGylated ROP in the ischemic heart was 
about 1.60 times higher than that in the normal heart, indicating that 
polyethylene glycol could increase the myocardial plasma distribution 
of ROP and enhance the ability of anti-myocardial ischemia, which is 
helpful to the choice of cardiac targeted therapy strategy (104).

5.3 Sulfated modification

As a common and effective modification method, sulfonation 
modification can further improve the biological activity of 
polysaccharides. Sulfonation modification is mainly to replace the 
original hydroxyl groups of polysaccharides with sulfuric groups, so as 
to adjust the primary structure of the polysaccharide chain and reshape 
the spatial conformation of the polysaccharide chain (105). The main 
methods for sulfation of polysaccharides include sulfur trioxide-
pyridine method, chlorosulfonic acid–pyridine (CSA–Pry) method, 
and concentrated sulfuric acid method (37). The modified conditions 
were as follows: the ratio of chlorosulfonic acid to pyridine was 1:4, the 
reaction temperature was 60°C, and the reaction time was 2 h to obtain 
sulfated Ophiopogonpolysaccharide3 (sOPS3). The virus inhibitory 
rates of sOPS3 (57.41%) were significantly higher than those in the 
unmodified OPS group (31.11%) (27). O. japonicus polysaccharide 
(OPS80 and OPSt) were sulfonated by CSA-Pry to obtain sOPS80 and 
sOPSt, in vitro experiments showed that the lymphocyte proliferation 
rate of OPS80 and OPSt groups was significantly higher than that of 
unmodified OPS group. In vivo experiments also confirmed that 
sulfated polysaccharides could increase the titer of serum antibodies 
and enhance their immune activity (70). Due to the existence of 
the-OSO3H group and the change of its spatial configuration, the 
sulfated OJP shows a higher ability to activate telomeric hydrocarbon 
and carbon atoms, thus giving it a stronger ability to donate hydrogen 
atoms and scavenge DPPH free radicals ability (15). Overall, 
sulfonation has proven to be an effective way to enhance the antiviral, 
antioxidant and immunomodulatory activities of OJPs.

6 Relationship between structure and 
biological activities

The relationship between structure and activity of polysaccharides 
is one of the main contents of glycobiology, and it is of great significance 
to clarify the relationship between structure and activity of 
polysaccharides. The biological activity of polysaccharides is related to 

their monomer composition, molecular weight, glycosidic bond type, 
molar ratio and chain skeleton. In order to find polysaccharides with 
good therapeutic and pharmacological effects, it is necessary to 
establish the relationship between the structure and activity of OJPs. 
The acquisition of OJPs is affected by many factors such as extraction, 
purification, and separation methods, resulting in poor repeatability. 
Therefore, based on existing research in the reference literature, we tried 
to summarize the structural factors that affect different pharmacological 
activities from multiple aspects such as monosaccharide composition, 
active functional groups and modification.

Xiong et al. (15) isolated four polysaccharide components from the 
tubers of O. japonicus by hot water extraction, which are OJP-1, OJP-2, 
OJP-3 and OJP-4. The content of caproic acid and sulfate showed that: 
OJP-4 > OJP-3 > OJP-2 > OJP-1. Further research found that OJP4 has a 
strong ability to scavenge DPPH free radicals and hydroxyl free radicals, 
which may be  due to its stronger reducing and chelating ability on 
ferrous ions, indicating that caproic acid and sulfate are effective 
indicators of antioxidant activity of OJP. Differences in monosaccharide 
content also have different effects on the bioactivity of OJP. Pearson 
correlation analysis of pharmacological activity and physicochemical 
properties of OJP shows that Man content has the highest correlation 
with antioxidant capacity (0.90), followed by Xyl content (0.89). However, 
the most abundant monosaccharide Fru in OJP was significantly 
negatively correlated with antioxidant and immune activities (23). In 
addition, the biological activity of polysaccharides mainly depends on 
their molecular structure. Especially when some chemical groups are 
inserted, the flexibility and spatial structure of the polysaccharide chain 
change, which will enhance the activity of the polysaccharide or generate 
new activities. Sulfonation modification, as a commonly used chemical 
modification method, can significantly enhance the antiviral activity of 
OJP (27). Compared with OJP, OPL can significantly increase the 
phagocytic activity and IL-1, TNF-α, MCP-1, MIP-1 levels of mouse 
peritoneal macrophages, promote NO and iNOS secretion, and enhance 
the expression of CD14 and MHC-II co-stimulatory molecules (68).

In summary, current research on OJPs only focus on the 
relationship between local structure and activity, and there is no 
systematic study. Therefore, it is necessary to further identify the fine 
structure of OJPs and establish a multi-dimensional correlation with 
biological activities to clarify their structure–activity relationship.

7 Discussion

As a traditional Chinese herbal medicine with a long history of use, 
O. japonicus has attracted more and more attention. As its main active 
ingredient, OJPs have made certain progress in its extraction process. In 
addition to the traditional water extraction and alcohol precipitation 
methods, some scholars have also explored new extraction and 
separation technologies, such as ultrasound-assisted extraction, 
enzymatic extraction, microwave-assisted extraction, etc., these methods 
have high extraction rates and low consumption. However, compared 
with other component extraction and separation methods, OJPs 
extraction methods are relatively few and all have certain limitations. In 
future research, innovative methods can be explored to achieve higher 
extraction rates at lower costs and shorter processing times. The 
purification of OJPs mainly adopts gradient alcohol precipitation method 
and column chromatography. OJPs is mainly composed of Glc and Fru 
with molecular weight between 2.48 and 325 kDa. At present, most 
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research on OJPs focuses on monosaccharide content and molecular 
weight, and further research is needed to explore their structural 
characteristics and glycosidic bonds. It has multiple biological activities 
such as hypoglycemic, cardioprotective, immunomodulatory, 
improvement of obesity, hepatoprotective, hypolipidemia, anti-oxidation, 
anti-tumor, anti-inflammation and renal protective activity. In addition, 
appropriate structural modifications can improve the pharmacological 
activity and bioavailability of OJPs. Currently, commonly used structural 
modifications of OJPs include liposome modification, sulfation 
modification, polyethylene glycol modification, etc. For example, 
liposome-modified OJP shows better immunoregulatory activity. 
Structural changes of OJPs can lead to changes in biological activities, 
and their pharmacological activities are related to monosaccharide 
composition, active functional groups and structural modifications.

Although a lot of progress has been made in the research of OJPs, 
there are still some problems that need to be solved. First of all, the 
current extraction methods of polysaccharides have been greatly 
developed, but no research has shown how different extraction 
techniques will affect the structural composition of OJPs. In addition, 
the current extraction, separation and purification schemes for OJPs 
are mainly limited to laboratories and may not be  conducive to 
industrial scale. Select appropriate separation and purification 
methods based on the structural characteristics and research purposes 
of OJPs to improve the extraction rate and maximize the protection of 
the activity of OJPs. Second, the biological activity of polysaccharides 
is closely related to their structural characteristics. However, current 
structural research on OJPs focuses on molecular weight and 
monosaccharide composition. In the future, it is necessary to use more 
advanced analytical techniques such as x-ray diffraction, capillary 
electrophoresis and Raman spectroscopy to analyze the higher-order 
structure of OJPs, such as the composition of the primary structure of 
monosaccharides, the arrangement order of glycosyl groups, and the 
connection of glycosidic chains. Method, whether the sugar chain has 
branches, the size and position of the branches, etc. Additionally, as a 
biological molecule, OJPs have a high degree of diversity and 
complexity in its molecular structure. Currently, there is very little 
research on the structure and biological activity of OJPs. More research 
should focus on the relationship between the structure and biological 
activity of OJPs and the precise molecular mechanism behind it. Third, 
in vivo and in vitro experiments have confirmed various 
pharmacological activities of OJPs. However, the toxic and side effects 
and clinical pharmacological effects of OJPs have not been verified. 
Their pharmacological effects should be further explored in the future 
to lay the foundation for safe clinical application and 
expanded application.

Overall, with the deepening of research on OJPs, gratifying results 
have been achieved in their extraction process, structural 
characterization, pharmacological activities, modifications and 
applications, providing a comprehensive and profound foundation for 
their extensive development in the fields of medical care and functional 
food. Therefore, further research on its processing process, structure, 
biological activity and structure–activity relationship is indispensable.
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