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Abstract: Background: Phenylethanoid glycosides (PhGs) are obtained from a wide range of sources
and show strong biological and pharmacological activities, such as antioxidant, antibacterial and
neuroprotective effects. However, intestinal malabsorption and the low bioavailability of PhGs seri-
ously affect their application. Delivery systems are an effective method to improve the bioavailability
of active substances. Scope and approach: In this article, the biological activities of and delivery
systems for PhGs are introduced. The application statuses of delivery systems for echinacoside,
acteoside and salidroside are reviewed. Finally, the problems of the lack of uniform standards for
delivery systems and the poor targeted delivery accuracy of PhGs in the current research are proposed
and suggestions for future research are put forward based on those problems. Key findings and
conclusions: Although there are still some problems in the delivery system of phenylethanoside,
such as inconsistent standards and inaccurate delivery, phenylethanoside itself has been proven
to have a variety of physiological activities. Therefore, the action mechanism and application of
phenylethanoside and its delivery system should be studied further.

Keywords: drug delivery; phenylethanoid glycoside; bioavailability; biological activity; nanoemul-
sion; liposome; nanoparticle

1. Introduction

Phenylethanoid glycosides (PhGs) are a class of natural glycosides containing hydroxy–
methoxy-substituted phenylethyl and hydroxy–methoxy-substituted cinnamoyl groups,
usually with central glucose as the parent core, and also an ester bond and oxygen glycoside
bond. The molecular structure of PhGs usually comprises four parts: aglycone, central
glucose, rhamnose and phenylpropyl phthalide. Natural PhG molecules contain multiple
weakly acidic phenolic hydroxyl groups. These compounds are: hygroscopic; soluble in
methanol, ethanol, water and other solvents with higher polarity; insoluble in organic
solvents with lower polarity; easily oxidized; sensitive to strong light; and their glycosidic
bonds are easily hydrolyzed under the action of enzymes [1].

At present, most of the PhGs that are isolated from nature come from worldwide
folk medicinal plants, which are distributed within various families and genera, e.g.,
Scrophulariaceae, Rosaceae, Orobanchaceae and Plantaginaceae. In 1950, Stoll and others
first isolated the phenol compound echinacoside from the roots of Echinacea. Currently,
more than 500 kinds of PhGs have been isolated from nature. Typical PhGs include
echinacoside, acteoside, salidroside, forsythiaside B, isoacteoside, etc. The molecular
structures of several typical PhGs are shown in Figure 1.
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tion because of their similar structures and strong biological activities. 
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Recent studies have shown that PhGs have a wide range of pharmacological and
biological activities, such as antibacterial, anti-inflammatory, antioxidant, immunity en-
hancing, neuroprotective and cardioprotective effects [2]. The bioactivity of PhGs has been
confirmed in vitro and in vivo. For example, forsythiaside A has shown good resistance
to Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Micrococcus pneumoniae
and other bacteria [3]. Acteoside has been shown to effectively ameliorate neurological
deficit and postpone disease onset in experimental autoimmune encephalomyelitis (EAE)
mice [4]. Echinacoside has alleviated hypoxic–ischemic brain injury symptoms in neonatal
rats by enhancing their antioxidant capacity and inhibiting apoptosis [5]. PhGs from Ligus-
trum purpurascens have been shown to have immunomodulatory effects on mice [6]. PhGs
have also been shown to have a significant neuroprotective effect against PC12 cells in
an Alzheimer’s disease (AD) model [7]. These compounds have attracted much attention
because of their similar structures and strong biological activities.

Most of the active ingredients are ingested orally and need to navigate a series of
barriers in the process of reaching the site of action through blood circulation. These
barriers comprise: the solubility of the active ingredients; the role of acids, enzymes,
microorganisms and food in the gastrointestinal tract; the absorption of gastrointestinal
epithelial cells; and liver metabolism. The US Food and Drug Administration (FDA) defines
bioavailability as “the speed and degree that the active ingredient or active site in a drug
reaches the active site in an effective form after being absorbed”. In vivo and in vitro
experiments have shown that PhGs have antioxidant activity and can protect various cells
from injury or apoptosis [8]. Most of the active substances in nature can be directly added
to food after being extracted from plants. Although PhGs have good biological effects,
PhGs cannot exert their full therapeutic potential due to intestinal malabsorption and their
low bioavailability.

Through the in-depth study of active substances and the emergence of new tech-
nologies in recent years, increasing numbers of chemical, pharmaceutical and biological
methods have been developed to improve the oral bioavailability of active substances.
Such delivery systems can enhance the water solubility of the active substances and avoid
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the influence of light, heat and oxygen. Commonly used delivery systems in food include
nanoemulsions, nanoparticles, liposomes and microcapsules [9–11]. Embedding technol-
ogy is used to insert the active substance into the micro-sized sealed wall material for the
later release of its contents. Compared with chemical methods, embedding technology
does not change the chemical structure of active ingredients, thus limiting changes to the
physical and chemical properties of PhGs. In addition, a delivery system can effectively
avoid the adverse effects of the external environment and improve the bioavailability of
PhGs. Therefore, in recent years, methods for embedding active substances combined with
a delivery system has been the approach favored by researchers.

The wider application of phenolic substance delivery systems has encouraged research
to improve the bioavailability of PhGs. Currently, delivery systems for PhGs mainly
include nanoemulsions, phospholipid complexes and solid lipid nanoparticles. These
nano-sized delivery systems achieve better controlled release and slow release effects.
Different delivery systems can be combined according to the characteristics of different
PhGs [10]. The obtained PhG complexes are subjected to the characterization of their
physical and chemical properties, in vivo and in vitro absorption and metabolism tests
and the optimization of the compound prescription, with the aim of effectively improving
their bioavailability.

In this article, the biological activities of and delivery systems for PhGs are introduced.
The embedding technologies used for echinacoside, acteoside and salidroside, which are
three landmark PhG compounds, are reviewed. Finally, the future development of PhG
delivery systems is proposed.

2. The Biological Activities of PhGs

In recent years, many studies have shown that PhGs have antibacterial, antioxidant,
neuroprotective, liver protective and memory improving effects. To aid the further study
of PhGs, this section reviews the main biological activities of PhGs.

2.1. Antioxidant Activity

Many PhGs and extracts that are rich in PhGs have shown powerful antioxidant
activity, with the ability to scavenge O2−, OH, H2O2 and 1O2 free radicals and protect
DNA from oxidative damage caused by OH. Ahmed et al. [12] used plantain as the raw
material to study the antioxidant effect of its methanol extract. The results showed that
the major phenolic constituent in plantain is acteoside (ACT) and that ACT inhibited the
lipopolysaccharide-induced production of nitrous oxide (NO) in RAW264.7 macrophages
and scavenged both superoxide radicals and 2,2-diphenyl-1-picrylhydrazyl (DPPH) rad-
icals. ACT has also displayed a strong scavenging effect on DPPH in vitro. Wei et al. [5]
explored whether echinacoside (ECH) has a neuroprotective effect in neonatal rats. Super-
oxide dismutase (SOD), glutathione peroxidase (GSH-Px) and catalase (CAT) activities and
malondialdehyde (MDA) production were assessed to determine the antioxidant capacity
of ECH. The results showed that ECH treatment helped to recover antioxidant enzyme
activities and decreased MDA production. ECH treatment could reduce the neuronal
damage caused by apoptosis through its antioxidant effect. Hu et al. [13] synthesized three
salidroside (SAL) derivatives using tyrosol as the starting material. Their antioxidant activ-
ities in vitro were investigated using the reducing force and DPPH free radical scavenging
methods. The results showed that different concentrations of SAL and its derivatives could
reduce and scavenge DPPH radicals in a concentration-dependent manner.

2.2. Antibacterial and Antiviral Activities

Most PhGs have antibacterial and antiviral activities and have good inhibitory effects
on S. aureus and Streptococcus pneumoniae. Liu et al. [14] extracted total PhGs (TPGs) from
Monochasma savatieri Franch. Ex Maxim for tests on their antibacterial and anti-inflammatory
activity, toxicity and in vitro antibacterial activity. The results showed that TPGs had an
obvious antibacterial effect on E. coli, Streptococcus pneumoniae and five other bacterial
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strains in the concentration range of 0.0625–16 mg/mL. TPGs could effectively inhibit
Pseudomonas aeruginosa or S. aureus, thus improving the survival rate of septic mice. These
results indicated that TPGs could be useful in developing drugs to treat respiratory infec-
tions or pneumonia caused by S. aureus. Some scholars have conducted in-depth research
on the antibacterial mechanisms and drug combinations of PhGs. Fazly et al. [15] investi-
gated the effect of lemon verbena aqueous extract, ACT and caffeine in combination with
gentamicin against S. aureus and E. coli strains. They concluded that the coadministration
of ACT and gentamicin had a synergistic effect against E. coli and S. aureus. Agbo et al. [16]
isolated SAL from Loranthus micranthus Linn. and studied its antiviral activity. The results
showed that SAL could inhibit a recombinant strain of the respiratory syncytial virus.

2.3. Neuroprotective Activity

Studies have found that PhGs can protect nerve cells in a variety of ways. Zhu et al. [17]
showed that echinacoside could activate enzyme pathways in neurons, inhibit cytochrome
c release caused by rotenone exposure and protect neurons and non-neurons from rotenone
injury. Generally, it is believed that the β-amyloid protein is related to Alzheimer’s dis-
ease. Ju et al. [18] studied the protective effects of PhGs on damage to PC12 cells induced
by aggregated β-amyloid protein 142 (Aβ(1-42)). The results showed that PhGs could
significantly ameliorate cell injury, improve cell survival rate and have an obvious neuro-
protective effect. Lee et al. [19] isolated and purified a Forsythia koreana extract to obtain
Forsythia PhGs. Butein was used as a positive control, which shows DPPH radical scav-
enging activity and protective activity against glutamate-induced oxidative injury in HT22
cells. The results indicated that the PhGs from Forsythia had a neuroprotective effect.
Li et al. [20] studied the neuroprotective mechanism of four PhGs (SAL, ECH, ACT and
isoacteoside) on H2O2-induced cytotoxicity in PC12 cells. PhG pretreatment improved
intracellular antioxidant enzymes and ultimately reversed H2O2-induced cytotoxicity in
PC12 cells. Nuclear factor erythroid-derived 2-like 2 (NRF2) can be used as a therapeutic
target in neurodegenerative diseases. PhGs have been shown to protect PC12 cells from
H2O2-induced cytotoxicity by inducing NRF2 activation.

2.4. Hepatoprotective Activity

The liver is not only the main detoxification organ in the human body, but it also
has important digestive and metabolic functions. Li et al. [21] studied the protective ef-
fects of ECH from Cistanche deserticola on D-galactosamine (GalN) and lipopolysaccharide
(LPS)-induced acute liver injury in mice. ECH was injected intraperitoneally one hour
before GalN/LPS exposure. The results showed that the GalN/LPS-induced hepatotoxicity
decreased and the survival rate of the mice increased following pretreatment with ECH.
Cui et al. [22] analyzed and identified the hepatoprotective effect of urinary metabolites
after the oral administration of ACT to rats. Compared with native ACT, ACT metabolites
exhibited higher hepatoprotective activities by regulating oxidative stress, lipid peroxida-
tion and inflammatory responses. Eldesoky et al. [12] found that the methanol water extract
of plantain, with ACT as the main active component, inhibited the serum activity of alanine
aminotransferase (ALT), aspartate aminotransferase (AST) and alkaline phosphatase (ALP).
The methanol water extract also attenuated CCl4-induced lipid peroxidation and exhibited
a potent hepatoprotective effect. Many studies have confirmed that total PhGs and SAL can
exert hepatoprotective activities in vitro and in vivo via antioxidation and the regulation of
related protein expression [23–25].

PhGs have a wide range of biological activities; in addition to the above four, PhGs
also have obvious anti-aging and anti-cancer effects and more. Table 1 summarizes the
research statuses of different PhGs, lists the cell or mouse models used in each study and
details the mechanisms of the different biological activities of the PhGs.
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Table 1. Research status of PhG bioactivity.

Bioactivity PhG Disease Model Mechanism of Action References

Anti-inflammatory

Acteoside Alcohol-induced HepG2 cells

the inhibition of cytokine
production and

downregulation of
NFκβ/Iκβ signaling

was observed

[26]

Echinacoside Dextran sulfate sodium
(DSS)-induced colitis in mice

The expression of growth
factor TGF-B1 in cultured
intestinal epithelial cells

was stimulated

[27]

Anti-aging

Echinacoside
β-amyloid (Aβ)-induced

toxicity of
Caenorhabditis elegans

ECH triggered DAF-16
nuclear localization and
upregulated two of its

downstream targets: sod-3
and hsp-16.2

[28]

Acteoside, AE SAMP8 mice

an increase in the number of
helper lymphocytes and the
regulation of the dynamic

balance of Th1 and Th2
immune inflammatory
cytokines was found

[29]

Anticancer

Salidroside The human breast cancer cell
line MCF-7

the downregulation of the
expression of MMP-2 and
MMP-9 was seen, thereby

inhibiting cancer cell
invasion and metastasis

[30]

Salidroside Bladder cancer cells

Through the
autophagy/PI3K/Akt and
MMP-9 signaling pathway,

viability was reduced

[31]

Analgesic

PhGs of C. deserticola
(component:

Echinacosid, acteoside
and tubuloside B)

Glutamate and capsaicin
models (injected into the
plantar region of mice)

Could be mediated through
ionotropic metabotropic

receptors, which regulate the
activity of TRPV1

[32]

Immunomodulatory PhGs of C. deserticola Dendritic cells (DCs) of mice
Enhanced the expression

level of CD86 and MHCII on
the surface of CD11c++DCs

[33]

3. The Bioavailability of PhGs

Bioavailability refers to the speed and degree of the active ingredients in a drug
entering the human circulation after being absorbed. It reflects the proportion of the
drug that enters the human circulation. For oral drugs, it describes the percentage of the
amount of the drug that is absorbed by the gastrointestinal tract and reaches the systemic
circulation through the liver. In general, the systemic effect of PhGs mainly depends on
their bioavailability through the gastrointestinal barrier. The absorption and metabolism of
PhGs in vivo are depicted in Figure 2. The bioavailability of PhGs is extremely low because
of their poor oral absorption, rapid metabolism and fast elimination from the body. The
low oral bioavailability of PhGs means that it is difficult for them to reach a certain blood
concentration at the site of action, thus limiting their biological activities [34]. Therefore, in
recent years, researchers have explored a variety of methods to improve the bioavailability
of PhGs.
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3.1. The Absorption of PhGs

Active ingredients are absorbed into the bloodstream through the gastrointestinal
tract to give full play to their curative effect. The chemical structure of PhGs determines
the rate and degree of their absorption through the gastrointestinal tract. Glycosides are
mostly hydrolyzed by enzymes or microorganisms in the gastrointestinal tract before being
absorbed by the human body. The type, position and quantity of sugar groups also affect
the absorption of PhGs. Li et al. [35] studied the absorption kinetics and oral bioavailability
of ECH in rats in vivo and in vitro. The results showed that the absorption of ECH in the
small intestine was poor and site-dependent and the absolute bioavailability was only
0.83% following intragastric administration. Improving the dosage form and compatibility
of drugs could enhance their intestinal absorption and oral bioavailability. Fu et al. [36]
used Cistanche deserticola polysaccharide to improve the intestinal absorption of ECH.
The results showed that the plasma concentration of ECH alone was only 406.8 ng/mL;
however, the plasma concentration of ECH was significantly increased after adding different
polysaccharides. Huo et al. [37] studied the absorption, distribution and excretion of ACT
in rats and concluded that the absorption of ACT in rats conforms to first-order kinetics.
The highest concentration was detected in the intestines and lungs, followed by the stomach
and muscle. A small amount was distributed in other tissues, which could be eliminated
mainly through metabolic processes. Tanino et al. [38] studied the absorption of ECH and
ACT in a tubular rat extract using the human intestinal Caco-2 cell monolayer method.
The results showed that intact ECH and ACT were not limited by the P-gp efflux pump
and the two PhGs were transported through a paracellular route. However, phloridzin
dramatically reduced the absorptive permeability of intact ECH and ACT, suggesting
that apical sodium/glucose cotransporter 1 (SGLT1) plays a major role in the intestinal
absorption of intact ECH and ACT.

3.2. The Metabolism of PhGs

Oral administration is one of the most important and convenient routes of admin-
istration. However, it requires the drug to pass through the gastrointestinal tract and is
affected by gastric juices, intestinal juices, intestinal flora and intestinal enzymes before
entering the bloodstream. Therefore, in metabolic research, we should not only evaluate the
metabolic stability of active substances in plasma, bile, urine and feces, but also evaluate
the metabolic stability of the intestinal flora and intestinal enzymes to reveal the intestinal
metabolic mechanisms affecting the absorption of the drug.
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Metabolism in the stomach and intestinal cavity mainly refers to the process of chem-
ical degradation or biodegradation of various components in food under the action of
gastrointestinal pH-resistant enzymes. PhGs are not metabolized in stomach much as their
metabolism mostly occurs in the intestinal cavity. There are two kinds of enzymes related
to metabolism: enzymes secreted by the cells of the stomach, pancreas and small intestine;
and enzymes provided by intestinal microflora [39]. The extensive physiological activities
of PhGs have led to a series of studies on the metabolism of PhGs in vivo and in vitro.
Tu et al. [40] studied both the stability of acteoside, isoacteoside and 2′-acetylacteoside in
simulated gastric and intestinal juices and their metabolism by human intestinal bacteria.
Eleven metabolites of acteoside, seven metabolites of isoacteoside and eleven metabolites
of 2-acetylacteoside were identified, including hydroxytyrosol, hydroxytyrosol sulfate
conjugation, caffeic acid, etc. There are eight possible metabolic pathways that led to
the generation of these metabolites, including deglycosylation, the removal of rhamnose
and the removal of hydroxytyrosol. Cui et al. [41] showed that isoacteoside (ISAT) was
metabolized in the gastrointestinal tract before entering the bloodstream, which reveals
the reason for its poor bioavailability. The biotransformation process of oral ISAT in vivo
is as follows. Oral ISAT enters the stomach, in which there is no obvious change. It is not
absorbed into intestinal blood until a series of low molecular weight compounds are formed
through intestinal flora and enzyme-mediated biotransformation. These low molecular
weight compounds are absorbed by intestinal epithelial cells into the hepatic portal vein,
metabolized in the hepatic portal vein in phase II and then distributed throughout the body.
Finally, all metabolites are excreted through urine and feces. Zhou et al. [42] analyzed the
metabolic pathways of SAL when administered via gavage to rats and identified its in vivo
metabolites. A total of 20 metabolites were identified. The dominant metabolic pathways
of salidroside include glucuronidation, acetylation, sulfation and methylation. Thus, SAL
undergoes extensive phase I and II metabolism in rats. The main excretion path is the urine,
feces and bile.

Table 2 summarizes the pharmacokinetics of different PhGs in animal models from
existing studies. Several studies have shown that PhGs enter the circulatory system fol-
lowing oral administration or injection and can be absorbed rapidly by the gastrointestinal
tract, although the bioavailability is low, and then distributed to most tissues, including
the brain. Therefore, the reason for the low bioavailability of PhGs is related to the limited
effectiveness of intestinal absorption and the universality of metabolism.

Table 2. The pharmacokinetic parameters of different PhGs.

Compound Dose
(mg/kg) Model Cmax

(µg/mL) Tmax (h) T1/2 (h) AUC0→t
(ng.h/mL)

AUC0→∞
(ng.h/mL) MRT0>→t (h) Ref.

Acteoside 20 ig Rats 0.16 ± 0.05 0.17 ± 0.08 1.49 ± 0.28 164.98 ± 21.24 181.13 ± 20.55 1.41 ± 0.13 [43]

Acteoside 10 ig Dogs 0.42 ± 0.10 – 1.48 ± 0.16 788.0 ± 145.7 802.8 ± 147.8 1.93 ± 0.15 [44]

Acteoside 8 ig Rats 0.19 ± 0.05 0.25 ± 0.12 2.51 ± 1.00 544.8 ± 127.2 566.8 ± 127.3 – [45]

Echinacoside 20 ig Rats 0.37 ± 0.05 0.27 ± 0.08 1.23 ± 0.33 – 2759.3 ± 79.46 5.76 ± 2.59 [46]

Salidroside 75 iv Dogs 96.16 ± 8.59 0.25 2.006 ± 0.615 180.3 × 103 ±
30.6 × 103

189.3 × 103 ±
32.1 × 103 2.275 ± 0.704 [47]

Salidroside 20 ig Rats 4.50 ± 1.48 0.3 ± 0.1 1.0 ± 0.2 8.28 × 103 ±
1.61 × 103

8.32 × 103 ±
1.62 × 103 1.4 ± 0.2 [48]

Forsythiaside 10 iv Rats – – 1.21 ± 0.33 7687 ± 403.7 – 0.91 ± 0.77 [49]

Isoacteoside
10 ig Rats

0.06 ± 0.02 0.4 ± 0.2 4.6 ± 3.1 70.9 ± 26.9 87.0 ± 40.0
– [50]Martynoside 0.004 ± 0.001 3.1 ± 3.6 9.0 ± 2.7 23.6 ± 6.9 39.5 ± 15.5

Crenatoside 0.01 ± 0.001 6.8 ± 1.1 3.4 ± 3.1 64.7 ± 14.5 76.0 ± 30.0

Abbreviations: AUC0→∞, area under the concentration–time curve extrapolated from zero up to infinity; AUC0→t,
area under the concentration–time curve calculated from zero up to the last measured concentration; Cmax,
maximum concentration; F, bioavailability; ig, intragastric gavage; iv, intravenous injection; MRT, mean residence
time; T1/2, elimination half-life; Tmax, time maximum concentration.
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4. Lipid-Based Delivery Systems

Delivery systems represent a technology that can control the distribution of active
substances within an organism in a spatial, temporal and dose-related manner. It aims to
deliver the right amount of active substance to the right place at the right time, thereby
increasing utilization efficiency, improving curative effects and reducing toxicity and side
effects. The commonly used delivery systems include emulsions (e.g., nanoemulsions,
multilayer emulsions and Pickering emulsions), liposomes, nanoparticles and microcap-
sules. The availability of PhGs depends on the stability of their active structures and
bioavailability. The poor absorption and bioavailability of PhGs in the gastrointestinal
tract limit their application in production [51]. Therefore, the encapsulation of PhGs using
delivery systems can increase the resistance of PhGs entering the external phase, inhibit the
entry of light, oxygen and other substances into the internal phase, reduce the degradation
rate of PhGs during processing, storage and transportation and control the fixed-point
release in the body to improve their bioavailability [52]. Figure 3 shows three widely used
delivery systems.
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travenous injection; MRT, mean residence time; T1/2, elimination half-life; Tmax, time maximum con-
centration. 
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A nanoemulsion (particle size 50–200 nm) is a mechanically unstable system that
requires external energy to break down large droplets into small droplets. Nanoemulsions
have a small particle size, uniform dispersion, high dynamic stability and no obvious
precipitation in the long term. However, there are still some limitations. To reduce the
interfacial tension and saturate the very large interface, an emulsifier with high surface
activity is usually used in the nano system and a large amount of emulsifier will inevitably
have implications for food safety. Moreover, nanoparticles could change the normal ab-
sorption pathway, interfere with the absorption, distribution, metabolism and excretion of
substances and cause potential uncertain changes in the organism [53]. During the prepa-
ration process, the structure of sensitive compounds may change, resulting in decreased
biological activity [54].

Liposomes comprise a bilayer carrier composed of phospholipid and cholesterol. They
have both lipophilic and hydrophilic cavities and can be used for the encapsulation, de-
livery and release of water-soluble, lipophilic and amphiphilic components. Liposomes
have excellent biocompatibility and can control the release rate of entrapped active com-
pounds [55]. Therefore, liposomes are considered as a promising candidate for a delivery
system for active plant components. Liposomes have many advantages. They can embed
active substances that are difficult to dissolve in water or have a bad smell into the particles
and can fuse with the cell membrane to improve bioavailability, so they are widely used in
functional foods, drugs, chemicals, daily necessities, etc. Despite the wide range of studies
dealing with liposomes, the use of these carriers involves limitations. Their release rate
is not easy to control and their encapsulation efficiency is low [56]. In addition, they are
unstable in storage and they precipitate easily; therefore, their application in industrial
production is limited.
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Solid lipid nanoparticles (SLNs) and liquid crystalline lipid nanoparticles (LCNPs) are
commonly used nanoparticles. Nanoparticles can enhance their solubility by embedding
or dissolving active substances through hydrogen bonding and hydrophobic interactions.
Substances can also be adsorbed or coupled with the nanoparticle surface. As a new
type of drug carrier, nanoparticles not only have the advantages of drug targeting and
changing the in vivo drug distribution, but they can also regulate the drug release rate and
improve bioavailability.

The advantages of nanoparticles are strong permeability, good stability and easy
modification. Nanoparticles effectively improve the bioavailability of active substances.
Although nanoparticles have a certain targeting capability in vivo, this targeting is passive
and other measures should be taken to improve targeting. The surface modification of
nanoparticles can prevent macrophage phagocytosis and change the distribution of the
nanoparticles. The disadvantages in the application of SLNs, such as large volume, early
release and easy gelation, must be overcome [57].

5. The Research Status of PhG Delivery Systems

The embedding of PhGs in the delivery systems can effectively improve its bioavailabil-
ity. In recent years, many scholars have devoted themselves to studying the combination
of PhGs and various delivery systems, determining a series of characterization of the
delivery systems through in vitro experiments and studying its effect and mechanism
in vivo experiments.

5.1. Echinacoside

Echinacoside (ECH) is a representative PhG in the plant kingdom and appears as a
white crystalline powder. Many traditional Chinese anti-aging medicines contain ECH,
such as Cistanche deserticola, Orobanche and Rehmannia glutinosa. The content of ECH in
Cistanche tubulosa can be up to 30%. Recent studies have shown that the main pharmaco-
logical effects of ECH are antioxidation, nerve protection, liver protection and memory
improvement. The results showed that the scavenging activity of ECH on DPPH was the
strongest [58]. Currently, ECH still has some problems in vivo, such as intestinal malab-
sorption and poor bioavailability. For example, the bioavailability of ECH in rats following
the oral administration of ECH (100 mg/kg) was only 0.83% [59].

Li et al. [10] prepared an ECH–phospholipid complex (PHY) using solvent evapora-
tion. PHY was characterized by differential scanning calorimetry (DSC) and infrared spec-
troscopy (IR) and then its physicochemical properties, intestinal absorption and bioavail-
ability were studied. DSC and IR images showed that ECH and the phospholipids formed
weak bonds. The complex improved the lipophilicity of ECH compared with both ECH
alone and an ECH phospholipid mixture. PHY significantly increased the absorption and
bioavailability of ECH in rats. Su et al. [60] used polylactic glycolic acid (PLGA) as the
drug carrier to prepare ECH nanoparticles using the multiple emulsion solvent evaporation
method. In the early stages, single factor experiments were carried out to investigate the
concentrations of PLGA and poloxamer 188 (F68) and the volume ratio of internal aqueous
phase to oil phase. The results showed that when PLGA was 5%, the corresponding F68
and volume ratio of internal water phase to oil phase were 2.57% and 0.86, respectively,
and that the particle size and entrapment efficiency of the ECH nanoparticles were close
to the theoretical value. Transmission electron microscopy observation showed that the
nanoparticles were round and had a smooth surface and a uniform size and distribution.
In vitro release tests showed that the ECH nanoparticles had a sustained release effect.
Chen et al. [61] explored the effects of different Supplementary materials on ECH solid lipid
nanoparticles and selected the emulsion curing method to prepare SLNs. The zeta potential
was used to predict the stability of nanoparticles and ultrafiltration was used to determine
the encapsulation efficiency. Glycerin monostearate was used as the lipid material and
lecithin and myrj52 were used as surfactants. The results showed that with increasing
myrj52 concentrations, the particle size of the nanoparticles decreased, the encapsulation
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efficiency increased and the zeta potential increased. With the increase in glyceryl monos-
tearate concentration, the particle size increased significantly, the encapsulation efficiency
decreased slightly and the zeta potential decreased. Increasing the lecithin concentration
increased the particle size significantly and decreased the zeta potential and the encapsula-
tion efficiency. Xue et al. [62] characterized the optimized SLNs and evaluated them using
eye cells in vitro. The results showed that ECH existed in a molecular dispersion state in
SLNs and that ECH could be delivered into eye cells via SLNs. This study verified the
effectiveness of SLNs as an eye drug delivery system.

5.2. Acteoside

Acteoside (ACT), which is also known as verbascoside, ergosterol and cimicifugin, is
widely distributed in the plant kingdom and is commonly found in Rehmannia glutinosa,
Cistanche deserticola and Osmanthus fragrans. ACT is a white or light yellow crystalline pow-
der. Its structure is characterized by a central glucose unit connected with the α-hydroxyl
group of phenylethanol at the C1 position, rhamnose at the C3 position and amphetamine
at the C4 position [63]. It has anti-tumor, anti-inflammatory and neuroprotective effects.
The content of ACT in medicinal plants is low and its stability is poor. The structural
characteristics of its multi-hydroxyl group determine its ease of oxidation, which greatly
limits the application of ACT.

Isacchi et al. [64] used a thin layer evaporation technique to prepare ACT liposomes.
The raw materials were Phospholipon 90G (P90G), cholesterol and ACT. The average
particle size of the obtained liposomes was about 120 nm, the encapsulation efficiency was
30% and the amount of ACT released was 82.28 ± 1.79%. Liposomes could improve the
stability of ACT by inhibiting its hydrolysis. The performance of the liposomal formulation
was compared with that of the free drug using the paw pressure test in chronic constriction
injury rats. The results showed that the liposomal formulation showed a longer lasting an-
tihyperalgesic effect in comparison with ACT saline solution. Kalantari et al. [65] prepared
different self-emulsifying combinations using the water and oil dilution method to study
the protective effect of the self-nano emulsifying drug delivery system (SNEDDS) on a
Plantago lanceolata leaves extract containing ACT. The results showed that SNEDDS com-
positions potentiated the free radical scavenging activity of the lanceolata extract compared
with that of the non-encapsulated lanceolata extract. Cytotoxicity tests, dissolution tests
and other experiments showed that the lanceolata extract SNEDDS could be used to deliver
active natural compounds in a stable, efficient and safe manner. Zhou et al. [66] prepared
liposomes through an ethanol injection method. ACT was encapsulated within liposomes
with chitosan. The results showed that the ACT liposomes (ACT-Lip) were spherical and
had an average diameter, zeta potential, encapsulation efficiency and relative bioavailability
of 78.49 ± 1.44 nm, −4.93 ± 0.79 mV, 81.06 ± 3.48% and 217.62%, respectively. After en-
capsulation in chitosan modified liposomes (Cs-Lip), the characterization parameters were
improved. In contrast to ACT-Lip, ACT–CS-Lip showed a reduced in vivo release rate and
enhanced storage stability. Xue et al. [67] synthesized chitosan polyethylene glycol-poly
lactic acid (mPEG-PLA) nanoparticles and embedded ACT, plasmid DNA (pDNA) and
nerve growth factor (NGF) to construct a nanomicelle composite (APPDN). The results
showed that the size of the APPDN nanoparticles was about 160 nm. In addition, they had
a positive charge and low toxicity and were biodegradable. APPDNs had significant neu-
roprotective effects in N-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP)- induced
mouse models of Parkinson’s disease.

5.3. Salidroside

The molecular formula of salidroside (SAL) is C14H20O7 and its relative molecular
weight is 300 Da. It has a glycoside chemical structure. SAL is colorless with a transparent
needle-like crystal. It is soluble in water, ethanol and n-butanol and is slightly soluble in
acetone and ether. Its aglycone tyrosol structure is p-hydroxyphenylethanol, with a molec-
ular formula C8H10O2 and a relative molecular weight of 138 Da. SAL can be hydrolyzed
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into one molecule of glucose and one molecule of aglycone under the action of acids or en-
zymes. It can protect the nervous system, has anti-fatigue effects and strengthens the heart.
Pharmacological studies have shown that the absorption of SAL in the gastrointestinal tract
is poor and its bioavailability in vivo is low [68].

Chen [69] studied the preparation of compound gum (BCC) by modifying bovine
serum albumin (BSA) with orange peel pectin (CPP), which is a waste recycling resource.
Through the characterization of certain properties, the preparation mechanism was ana-
lyzed and SAL and vitamin C (VC), with poor stability, were selected for encapsulation
and simulated release. The entrapment efficiency of SAL in the functional food was about
50%. The simulated in vitro release of SAL showed a gastrointestinal sustained-release
function and had certain pH and ionic stability, which indicated that BCC has a potential
application value for the delivery of SAL and other functional foods. Li [70] used chitosan
and sodium alginate as the wall of the microcapsules. SAL drug particles formed the core
of the microcapsule and the electrostatic attraction layer by layer nano self-assembly (LBL)
technology was used to microencapsulate SAL in chitosan and sodium alginate to prepare
the sustained-release microcapsules. The encapsulation efficiency of the microcapsules was
higher than 55% and the time required for the microcapsules to release more than 80% of
the active substance was less than 8 h with an increase in the number of wall layers, which
indicated that the polyelectrolyte encapsulated microcapsules could slow down the release
rate of SAL. Yang et al. [71] prepared a SAL microemulsion using the hydrophilic lipophilic
balance (HLB) method. The average diameter was 65.56 ± 4.62 nm and the microemulsion
was stable at room temperature. The results of in vitro transdermal experiments showed
that the SAL microemulsion had good stability and a high transdermal transfer rate, which
significantly improved the permeability of SAL. Zhang et al. [72,73] used Span 40, choles-
terol and sodium dodecyl sulfate (SDS) as stabilizers to prepare lipid vesicles for SAL
transdermal delivery. At concentrations of 0.05–0.40% (w/v), SDS significantly improved
the stability of the nanocapsules. The transdermal flux and skin deposition of SAL were the
highest when the molar ratio of Span 40 to cholesterol was 4:3. Xia et al. [74] prepared SAL
nanoliposomes (SNLs) using the ethanol injection method. X-rays were orally administered
to mice following whole body irradiation. The results showed that the SNLs had a stronger
radiation protection ability than SAL solution and that they protected the blood system
of the mice, inhibited peripheral blood lymphocyte apoptosis to a great extent, decreased
the level of lipid peroxidation in liver tissue and enhanced the antioxidant capacity of
the system.

Table 3 lists the application of other kinds of PhGs in different delivery systems, and
introduces the preparation methods and physical and chemical characterizations. Although
studies have proved that a variety of delivery systems can effectively improve the bioavail-
ability of PhGs, there are few studies on the in vivo safety of delivery systems. Further
research on the absorption mechanism of various types of PhG delivery systems through
the small intestine and an evaluation of their in vivo efficacy needs to be carried out.

Table 3. The application of PhG delivery systems.

PhG Delivery System Preparation Method Characteristic Parameters or Effect References

Herba
cistanches

PhGs
Liposomes

Film dispersion method, two
encapsulation film dispersion

method and reverse
evaporation method

Particle size (212.70 ± 1.27) nm, zeta
potential (−37.85 ± 0.68) mV and
encapsulation rate (38.46 ± 7.85)%

[75]

Herba
cistanches

PhGs
Liposomes Vacuum freeze drying method

Particle size (207.7 ± 2.31) nm, zeta
potential (−61.5 ± 3.18) mV,

encapsulation rate (37.2 ± 0.30)% and
drug loading (3.77 ± 0.07)%

[76]
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Table 3. Cont.

PhG Delivery System Preparation Method Characteristic Parameters or Effect References

Herba
cistanches

PhGs
Liposomes Two encapsulation film

dispersion method

Particle size 212.7 nm, zeta potential
35~50 mV, encapsulation rate

(38.46 ± 7.85)% and inhibition of rat
hepatic stellate cell (HSC) proliferation

[77]

Salidroside Chitosan
microspheres Emulsion crosslinking method

Particle size 0.56~5.01 µm,
encapsulation rate > 77.58% and drug

loading > 23.29%
[78]

Salidroside PLGA nanoparticles The double emulsion
(W/O/W) method

Particle size (275.3 ± 44.0) nm,
polydispersity index (0.302 ± 0.102),
zeta potential (−6.98 ± 2.99) mV and
encapsulation rate (32.63% ± 0.73)%

[79]

6. Safety Evaluation and Existing Problems

With the deepening of research, the application of PhGs and their delivery systems
within the field of food is also expanding; and safety has become the focus of attention. The
acute toxicity test showed that no mice died within 14 days after continuous gavage and
that the average body weight increased by more than 50%. The maximum tolerance of mice
to the extraction of Cistanche deserticola PhGs was 119.46 g/kg and the dose was 882 times
that used for adults, indicating that the toxicity of Cistanche deserticola PhGs was very low,
the clinical application was safe and reliable and it had benefitted from the further research
and development [80]. Other experiments showed that the repeated administration of
Lamiophlomis rotata PhGs extract (L-PhGs) to mice for 30 days showed no obvious toxicity,
indicating that L-PhGs were safe for long-term use [81]. After the long-term administration
of Monochasma savatieri PhGs extract for 90 days, rats had a certain degree of damage to
liver and lung [82]. The acute toxicity test showed that within the dose range of 100 mg/mL,
the PhG nanoemulsion had no toxicity and intranasal administration had no significant
effect on nasal mucosa or important organs, indicating that the PhG nanoemulsion had a
good level of safety [83].

In vitro experiments showed that the five PhGs in Chirita eburnea had weak cytotoxic
side effects on SPC-A1 cell lines and no cytotoxicity on HepG2, SGC7901 or other cell
lines [84]. Acteoside liposomes can be maintained for 6 months at 4 ± 1 ◦C. The stability
study showed that the liposomes were physically stable within 90 days. During this period,
ACT did not leak and the size of the liposomes did not change. After 3 months, ACT
remained at 91% in the liposomes and decreased to 80% after 6 months, but the ACT did
not degrade throughout the whole process [64].

There are still some problems associated with delivery systems: (1) different standards
and models are used to evaluate the physical and chemical properties and bioavailability
of delivery systems, and there is a lack of pertinence and contrast; (2) some active sub-
stances are inhibitors or promoters for transporters and metabolic enzymes and a change
in bioavailability would also alter these functions; and (3) the targeted transport of PhGs
in delivery systems cannot achieve accurate positioning, which leads to a decrease in the
absorption and bioavailability of PhGs.

7. Conclusions

PhGs have a wide range of chemical, biological and physiological activities. However,
their limited stability and poor bioavailability must be solved in order to make these
components better able to meet people’s needs in terms of nutrition and health. In this
paper, the main biological activities, digestion, absorption and metabolism of PhGs and
the application status of three typical PhGs and their delivery systems were reviewed.
The various research results reported in this paper show that the delivery system has a
significant protective effect on the PhGs under various conditions in vivo and in vitro and
effectively enhances the stability and bioavailability of PhGs. Furthermore, the delivery
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system can realize the targeted transport and release of PhGs, so that they can provide a
specific therapeutic effect.

However, there are still a series of problems, such as different evaluation standards
and unclear safety in vivo. Therefore, the factors affecting the bioavailability, absorption,
metabolism, transport process and mechanisms of PhGs still need to be explored fur-
ther so as to improve the safety of PhG delivery systems and build a high-performance
delivery system.

Author Contributions: Conceptualization, J.H. (Jin Huang) and D.Z.; methodology, J.H. (Jianxiong
Hao); software, J.H. (Jin Huang); validation, D.Z., J.H. (Jin Huang) and L.G.; formal analysis, J.H.
(Jianxiong Hao); investigation, J.H. (Jin Huang); resources, J.H. (Jianxiong Hao); data curation,
J.H. (Jin Huang); writing—original draft preparation, J.H. (Jianxiong Hao); writing—review and
editing, J.H. (Jin Huang), C.C., Z.Z. and L.G.; visualization, D.Z.; supervision, D.Z. and L.G.; project
administra-tion, D.Z.; funding acquisition, D.Z. and Z.Z. All authors have read and agreed to the
published version of the manuscript.

Funding: This research was funded by [the regional collaborative innovation project of The Au-
tonomous Region (Project 2020E01048) and the Shijiazhuang Science and Technology Research and
Development Program (211170272A and 211170322A)].

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data is contained within the article.

Acknowledgments: This work was financially supported by the regional collaborative innovation
project of The Autonomous Region (Project 2020E01048) and the Shijiazhuang Science and Technology
Research and Development Program (211170272A and 211170322A).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Tian, X.Y.; Li, M.X.; Lin, T.; Qiu, Y.; Chen, L.P. A review on the structure and pharmacological activity of phenylethanoid

glycosides. Eur. J. Med. Chem. 2020, 209, 112563. [CrossRef] [PubMed]
2. Wu, L.; Georgiev, M.I.; Cao, H.; Nahar, L.; Lu, B. Therapeutic potential of phenylethanoid glycosides: A systematic review. Med.

Res. Rev. 2020, 40, 2605–2649. [CrossRef] [PubMed]
3. Kuang, H.-X.; Xia, Y.-G.; Yang, B.-Y.; Liang, J.; Zhang, Q.-B.; Li, G.-Y. A New Caffeoyl Phenylethanoid Glycoside from the Unripe

Fruits of Forsythia suspensa. Chin. J. Nat. Med. 2009, 7, 278–282. [CrossRef]
4. Li, W.; Deng, R.; Jing, X.; Chen, J.; Yang, D.; Shen, J. Acteoside ameliorates experimental autoimmune encephalomyelitis through

inhibiting peroxynitrite-mediated mitophagy activation. Free Radic. Biol. Med. 2020, 146, 79–91. [CrossRef]
5. Wei, W.; Lan, X.B.; Liu, N.; Yang, J.M.; Du, J.; Ma, L.; Zhang, W.J.; Niu, J.G.; Sun, T.; Yu, J.Q. Echinacoside Alleviates Hypoxic-

Ischemic Brain Injury in Neonatal Rat by Enhancing Antioxidant Capacity and Inhibiting Apoptosis. Neurochem. Res. 2019, 44,
1582–1592. [CrossRef]

6. Song, X.; Li, C.Y.; Zeng, Y.; Wu, H.Q.; Huang, Z.; Zhang, J.; Hong, R.S.; Chen, X.X.; Wang, L.Y.; Hu, X.P. Immunomodulatory
effects of crude phenylethanoid glycosides from Ligustrum purpurascens. J. Ethnopharmacol. 2012, 144, 584–591. [CrossRef]

7. Yang, J.; Ju, B.; Yan, Y.; Xu, H.; Wu, S.; Zhu, D.; Cao, D.; Hu, J. Neuroprotective effects of phenylethanoid glycosides in an in vitro
model of Alzheimer’s disease. Exp. Ther. Med. 2017, 13, 2423–2428. [CrossRef]

8. Niu, C.; Li, Q.; Yang, L.P.; Zhang, Z.Z.; Wang, H. Phenylethanoid glycosides from Callicarpa macrophylla Vahl. Phytochem. Lett.
2020, 38, 65–69. [CrossRef]

9. Li, J.; Wu, Y.; Hu, H.; Wu, X. Research advance on food nano-emulsion delivery system. Food Mach. 2019, 35, 217–225.
10. Li, F.; Yang, X.; Yang, Y.; Li, P.; Yang, Z.; Zhang, C. Phospholipid complex as an approach for bioavailability enhancement of

echinacoside. Drug Dev. Ind. Pharm. 2015, 41, 1777–1784. [CrossRef]
11. Ghanbarzadeh, B.; Bazadeh, A.B.; Hamishehkar, H. Nano-phytosome as a potential food-grade delivery system. Food Biosci. 2016,

15, 126–135. [CrossRef]
12. Eldesoky, A.H.; Abdel-Rahman, R.F.; Ahmed, O.K.; Soliman, G.A.; Saeedan, A.S.; Elzorba, H.Y.; Elansary, A.A.; Hattori, M.

Antioxidant and hepatoprotective potential of Plantago major growing in Egypt and its major phenylethanoid glycoside, acteoside.
J. Food Biochem. 2018, 42, e12567. [CrossRef]

13. Ya-Dan, H.U.; Wang, B.; Chang, X.L.; Zhong, T.; Zhang, Y.Y. Synthesis and Antioxidant Activities of Salidroside Derivatives. Chin.
J. Synth. Chem. 2019, 9, 743–746.

http://doi.org/10.1016/j.ejmech.2020.112563
http://www.ncbi.nlm.nih.gov/pubmed/33038797
http://doi.org/10.1002/med.21717
http://www.ncbi.nlm.nih.gov/pubmed/32779240
http://doi.org/10.3724/SP.J.1009.2009.00278
http://doi.org/10.1016/j.freeradbiomed.2019.10.408
http://doi.org/10.1007/s11064-019-02782-9
http://doi.org/10.1016/j.jep.2012.09.047
http://doi.org/10.3892/etm.2017.4254
http://doi.org/10.1016/j.phytol.2020.05.013
http://doi.org/10.3109/03639045.2015.1004183
http://doi.org/10.1016/j.fbio.2016.07.006
http://doi.org/10.1111/jfbc.12567


Foods 2022, 11, 769 14 of 16

14. Liu, Y.L.; He, W.J.; Mo, L.; Shi, M.F.; Zhu, Y.Y.; Pan, S.; Li, X.R.; Xu, Q.M.; Yang, S.L. Antimicrobial, anti-inflammatory activities
and toxicology of phenylethanoid glycosides from Monochasma savatieri Franch. ex Maxim-ScienceDirect. J. Ethnopharmacol.
2013, 149, 431–437. [CrossRef]

15. Fazly, B.B.; Khameneh, B.; Zahedian, M.O.; Hosseinzadeh, H. In Vitro evaluation of antibacterial activity of verbascoside, lemon
verbena extract and caffeine in combination with gentamicin against drug-resistant Staphylococcus aureus and Escherichia coli
clinical isolates. Avicenna J. Phytomedicine 2018, 8, 246.

16. Agbo, M.O.; Odimegwu, D.C.; Okoye, F.; Osadebe, P.O. Antiviral activity of Salidroside from the leaves of Nigerian Mistletoe
(Loranthus micranthus Linn) parasitic on Hevea brasiliensis against respiratory syncytial virus. Pak. J. Pharm. Ences 2017, 30, 1251.

17. Zhu, M.; Lu, C.; Li, W. Transient exposure to echinacoside is sufficient to activate Trk signaling and protect neuronal cells from
rotenone. J. Neurochem. 2013, 124, 571–580. [CrossRef]

18. Bowei, J.U.; Yang, J.; Yan, Y.; Cao, D.; Xiang, X.; Junping, H.U.; University, X.M. Protective effects of glycosides of cistanche on
damage of PC12 cells induced by Aβ_(1-42). J. Xinjiang Med. Univ. 2017, 5, 634–637.

19. Yeong-Geun, L.; Kyeong-Hwa, S.; Dong-Sung, L.; Eun, G.J.; Hyoung-Geun, K.; Jung-Hwan, K.; So-Hyun, P.; Young, L.D.; Ho, J.I.;
Nam-In, B. Phenylethanoid glycoside from Forsythia koreana (Oleaceae) flowers shows a neuroprotective effect. Braz. J. Bot.
2018, 41, 523–528.

20. Li, M.; Xu, T.; Fei, Z.; Wang, M.; Song, H.; Xiao, X.; Lu, B. Neuroprotective Effects of Four Phenylethanoid Glycosides on
H2O2-Induced Apoptosis on PC12 Cells via the Nrf2/ARE Pathway. Int. J. Mol. Sci. 2018, 19, 1135. [CrossRef]

21. Li, X.; Gou, C.; Yang, H.; Qiu, J.; Gu, T.; Wen, T. Echinacoside ameliorates D-galactosamine plus lipopolysaccharide-induced acute
liver injury in mice via inhibition of apoptosis and inflammation. Scand. J. Gastroenterol. 2014, 49, 993–1000. [CrossRef]

22. Cui, Q.; Pan, Y.; Zhang, W. Metabolites of Dietary Acteoside: Profiles, Isolation, Identification, and Hepatoprotective Capacities. J.
Agric. Food Chem. 2018, 66, 2660–2668. [CrossRef] [PubMed]

23. Rong, M.A.; Xing, L.M.; Jia, Z.P.; Qiu, J.G.; Luan, F.; Zhang, J.; Pharmacy, C.O.; University, L. PLA. Hepatoprotective Effects of
50% Ethanol Elute of Phlomis younghunsbandii by Macroporous Adsorptive Resins on CCl_4-induced Acute Liver Injury. Chin.
J. Exp. Tradit. Med. Formulae 2016, 4, 132–136.

24. Cai, L.; Li, Y.; Zhang, Q.; Sun, H.; Yan, X.; Hua, T.; Zhu, Q.; Xu, H.; Fu, H. Salidroside protects rat liver against ischemia/reperfusion
injury by regulating the GSK-3β/Nrf2-dependent antioxidant response and mitochondrial permeability transition. Eur. J.
Pharmacol. 2017, 806, 32–42. [CrossRef] [PubMed]

25. Moqbel, H.; Hawary, S.E.; Sokkar, N.M.; El-Naggar, E.; Boghdady, N.E.; Halawany, A.E. HPLC-ESI-MS/MS characterization of
phenolics in prunus amygdalus, cultivar “umm alfahm” and its antioxidant and hepatoprotective activity. J. Food Meas. Charact.
2017, 12, 808–819. [CrossRef]

26. Khullar, M.; Sharma, A.; Wani, A.; Sharma, N.; Ahmed, Z. Acteoside ameliorates inflammatory responses through NFkB pathway
in alcohol induced hepatic damage. Int. Immunopharmacol. 2020, 69, 109–117. [CrossRef]

27. Jia, Y.; Guan, Q.; Jiang, Y.; Salh, B.; Guo, Y.; Tu, P.; Du, C. Amelioration of Dextran Sulphate Sodium-Induced Colitis in Mice by
Echinacoside-Enriched Extract of Cistanche tubulosa. Phytother. Res. 2014, 28, 110–119. [CrossRef]

28. Chen, W.; Lin, H.R.; Wei, C.M.; Luo, X.H.; Sun, M.L.; Yang, Z.Z.; Chen, X.Y.; Wang, H.B. Echinacoside, a phenylethanoid glycoside
from Cistanche deserticola, extends lifespan of Caenorhabditis elegans and protects from Aβ-induced toxicity. Biogerontology
2018, 19, 47–65. [CrossRef]

29. Chen, J.Y. Effect of acteoside on delaying senescence and improving immune function in SAMP8 mice. Chin. Pharmacol. Bull.
2020, 36, 682–686.

30. Gang, Z.; Shi, A.; Fan, Z.; Ye, D. Salidroside inhibits the growth of human breast cancer in vitro and in vivo. Oncol. Rep. 2015,
33, 2553.

31. Li, T.; Xu, K.; Liu, Y. Anticancer effect of salidroside reduces viability through autophagy/PI3K/Akt and MMP9 signaling
pathways in human bladder cancer cells. Oncol. Lett. 2018, 16, 3162–3168. [PubMed]

32. Kartbaeva, E.B.; Donald, G.R.; Sakipova, Z.B.; Ibragimova, L.N.; Boylan, F. Antinociceptive activity of Cistanche salsa stolons,
growing in the Republic of Kazakhstan. Rev. Bras. Farm. 2017, 27, 587–591. [CrossRef]

33. Yang, X.M.; Yang, Y.; Wang, D.Y.; Dao-Cheng, W.U.; Zhang, A.L. The Study of Immune Activities of Extracts from Wild and
Cultivated Cistanche deserticola in Xinjiang. Biotechnol. Bull. 2016, 32, 131.

34. Zhou, W.; Tan, X.; Shan, J.; Liu, T.; Cai, B.; Di, L. Effect of chito-oligosaccharide on the intestinal absorptions of phenylethanoid
glycosides in Fructus Forsythiae extract. Phytomedicine 2014, 21, 1549–1558. [CrossRef] [PubMed]

35. Li, F.; Shen, J.; Yang, X.; Yang, Z.; Kou, J. Enhancement of absorption and bioavailability of echinacoside by verapamil or clove oil.
Drug Des. Dev. Ther. 2015, 9, 4685–4693. [CrossRef] [PubMed]

36. Zfa, B.; Lha, B.; Peng, Z.; Hma, C.; Han, Z.; Ywa, B.; Xga, C.; Ela, B. Cistanche polysaccharides enhance echinacoside absorption
in vivo and affect the gut microbiota. Int. J. Biol. Macromol. 2020, 149, 732–740.

37. Huo, S.X.; Jian-Mei, L.I.; Gao, L.; Peng, X.M.; Chen, X.J.; Wen, Y.L.; Yan, M. Absorption, distribution and excretion of acteoside in
rats. Chin. J. Hosp. Pharm. 2016, 6, 450–454.

38. Tanino, T.; Nagai, N.; Funakami, Y. Phloridzin-sensitive transport of echinacoside and acteoside and altered intestinal absorption
route after application of Cistanche tubulosa extract. J. Pharm. Pharmacol. 2015, 67, 1457–1465. [CrossRef]

39. Zhang, W.X.; Yang, B.; Hu, Y.M.; Meng, Z.Q.; Wei, X. Effect of rat intestinal flora in vitro on metabolites of acteoside. China J. Chin.
Mater. Med. 2016, 41, 1541–1545.

http://doi.org/10.1016/j.jep.2013.06.042
http://doi.org/10.1111/jnc.12103
http://doi.org/10.3390/ijms19041135
http://doi.org/10.3109/00365521.2014.913190
http://doi.org/10.1021/acs.jafc.7b04650
http://www.ncbi.nlm.nih.gov/pubmed/29478321
http://doi.org/10.1016/j.ejphar.2017.04.011
http://www.ncbi.nlm.nih.gov/pubmed/28411054
http://doi.org/10.1007/s11694-017-9695-y
http://doi.org/10.1016/j.intimp.2019.01.020
http://doi.org/10.1002/ptr.4967
http://doi.org/10.1007/s10522-017-9738-0
http://www.ncbi.nlm.nih.gov/pubmed/30127910
http://doi.org/10.1016/j.bjp.2017.05.013
http://doi.org/10.1016/j.phymed.2014.06.016
http://www.ncbi.nlm.nih.gov/pubmed/25442264
http://doi.org/10.2147/DDDT.S87581
http://www.ncbi.nlm.nih.gov/pubmed/26316707
http://doi.org/10.1111/jphp.12450


Foods 2022, 11, 769 15 of 16

40. Li, Y.; Zhou, G.; Peng, Y.; Tu, P.; Li, X. Screening and identification of three typical phenylethanoid glycosides metabolites from
Cistanches Herba by human intestinal bacteria using UPLC/Q-TOF-MS. J. Pharm. Biomed. Anal. 2016, 118, 167. [CrossRef]

41. Cui, Q.; Pan, Y.; Yan, X.; Qu, B.; Liu, X.; Xiao, W. A metabolic way to investigate related hurdles caused poor bioavailability in
oral delivery of isoacteoside in rats employing UPLC-Q-TOF-MS. Rapid Commun. Mass Spectrom. 2016, 31, 371–380. [CrossRef]
[PubMed]

42. Zhou, Y.; Liu, Y.P.; Wu, L.N.; Gu, Y.; Si, D.Y. Study on metabolic pathways of salidroside in rats. Chin. Tradit. Herb. Drugs 2018,
49, 1603–1611.

43. Wen, Y.; Huo, S.; Zhang, W.; Xing, H.; Qi, L.; Zhao, D.; Li, N.; Xu, J.; Yan, M.; Chen, X. Pharmacokinetics, Biodistribution, Excretion
and Plasma Protein Binding Studies of Acteoside in Rats. Drug Res. 2016, 66, 148–153. [CrossRef] [PubMed]

44. Zhang, W.; Shi-Xia, H.U.O.; Yan-Li, W.E.N.; Han, X.I.N.G.; Zhang, Q.; Ning, L.I.; Di, Z.H.A.O.; Xiao-Lin, S.U.N.; Jie, X.U.; Ming,
Y.A.N.; et al. Pharmacokinetics of acteoside following single dose intragastric and intravenous administrations in dogs. Chin. J.
Nat. Med. 2015, 13, 634–640. [CrossRef]

45. Zhao, M.; Qian, D.; Liu, P.; Shang, E.X.; Jiang, S.; Guo, J.; Su, S.L.; Duan, J.A.; Du, L.; Tao, J. Comparative pharmacokinetics of
catalpol and acteoside in normal and chronic kidney disease rats after oral administration of Rehmannia glutinosa extract. Biomed.
Chromatogr. 2015, 29, 1842–1848. [CrossRef]

46. Zhou, J.; Zeng, P.; Sun, J.B.; Wang, F.Q.; Zhang, Q. Application of two-phase hollow fiber liquid phase microextraction coupled
with high-performance liquid chromatography for the study of the echinacoside pharmacokinetics in Parkinson’s disease rat
plasma. J. Pharm. Biomed. Anal. 2013, 81, 27–33. [CrossRef]

47. Mao, Y.; Zhang, X.; Zhang, X.; Lu, G. Development of an HPLC method for the determination of salidroside in beagle dog plasma
after administration of salidroside injection: Application to a pharmacokinetics study. J. Sep. Sci. 2015, 30, 3218–3222. [CrossRef]

48. Gu, H.L.; Sun, R.B.; Fei, F.; Li-Xiang, A.; Gao, H.X.; Tao, M.X.; Feng, S.Q.; Yang, N.; Zhang, Y.; Aa, J.Y. Salidroside shows a
particular pharmacokinetic property in model rats of myocardial ischemia. Chin. Herb. Med. 2018, 10, 169–176. [CrossRef]

49. Tian, J.; Lin, L.; Li, X.; Dou, H.; Pei, W.; Wang, L.; Han, J.; Ni, J.; Zheng, H. Forsythiaside stability in pretreated rat plasma and its
pharmacokinetics after i.v. administration. Anal. Methods 2015, 7, 1809–1815. [CrossRef]

50. Zhang, M.; Ren, X.; Yue, S.; Zhao, Q.; Shao, C.; Wang, C. Simultaneous Quantification of Four Phenylethanoid Glycosides in Rat
Plasma by UPLC-MS/MS and Its Application to a Pharmacokinetic Study of Acanthus Ilicifolius Herb. Molecules 2019, 24, 3117.
[CrossRef]

51. Lu, L.; Xiang, S.; Fang, Y. Recent Progress in Food Delivery Systems for Improving Bioavailability of Phenolic Compounds. Food
Sci. 2020, 41, 323–330.

52. Lu, W.; Kelly, A.L.; Miao, S. Emulsion-based encapsulation and delivery systems for polyphenols. Trends Food Sci. Technol. 2016,
47, 1–9. [CrossRef]

53. Dasgupta, N.; Ranjan, S.; Mundra, S.; Ramalingam, C.; Kumar, A. Fabrication of Food Grade Vitamin E Nanoemulsion by Low
Energy Approach, Characterization and Its Application. Int. J. Food Prop. 2016, 19, 700–708. [CrossRef]

54. Sessa, M.; Balestrieri, M.L.; Ferrari, G.; Servillo, L.; Castaldo, D.; D’Onofrio, N.; Donsi, F.; Rong, T. Bioavailability of encapsulated
resveratrol into nanoemulsion-based delivery systems. Food Chem. 2014, 147, 42–50. [CrossRef] [PubMed]

55. Refuerzo, J.S.; Alexander, J.F.; Leonard, F.; Leon, M.; Longo, M.; Godin, B. Liposomes: A nanoscale drug carrying systemto
prevent indomethacin passage tothe fetus in a pregnant mouse model. Am. J. Obstet. Gynecol. 2015, 212, 501–508. [CrossRef]

56. Munin, A.; Edwards-Lévy, F. Encapsulation of Natural Polyphenolic Compounds; a Review. Pharmaceutics 2011, 3, 793–829.
[CrossRef]

57. Song, J.; Fan, X.; Shen, Q. Daidzein-loaded nanostructured lipid carriers-PLGA nanofibers for transdermal delivery. Int. J. Pharm.
2016, 501, 245–252. [CrossRef]

58. Pellati, F.; Benvenuti, S.; Magro, L.; Melegari, M.; Soragni, F. Analysis of phenolic compounds and radical scavenging activity of
Echinacea spp. J. Pharm. Biomed. Anal. 2004, 35, 289–301. [CrossRef]

59. Jia, C.; Shi, H.; Wu, X.; Li, Y.; Chen, J.; Tu, P. Determination of echinacoside in rat serum by reversed-phase high-performance
liquid chromatography with ultraviolet detection and its application to pharmacokinetics and bioavailability. J. Chromatogr. B
Anal. Technol. Biomed. Life Sci. 2006, 844, 308–313. [CrossRef]

60. Su, S.S.; Chen, W.; Fang, H.; Li, J.; Han, B. Formula optimization of echinacoside-loaded PLGA nanoparticles by Box-Behnken
design and response surface method. Chin. J. New Drugs 2016, 25, 1069–1074.

61. Chen, J.; Tong, L.; Liu, Z.D.; Chun-Hua, L.I.; Ding, L.L.; Guo, L.L. Research of prescription screening of echinacoside solid lipid
nanoparticles. J. Tianjin Univ. Tradit. Chin. Med. 2015, 6, 353–356.

62. Xue, Z.; Zhang, B.; Chen, J.; Yumei, W.U.; Peng, L.U.; Zhang, Y.; Dongli, Q.I.; Liu, Z. Characterization and in-vitro cellular uptake
evaluation of solid lipid nanoparticles loaded with echinacoside. J. Tianjin Univ. Tradit. Chin. Med. 2019, 3, 290–295.

63. Alipieva, K.; Korkina, L.; Orhan, I.E.; Georgiev, M.I. Verbascoside—A review of its occurrence, (bio)synthesis and pharmacological
significance. Biotechnol. Adv. 2014, 32, 1065–1076. [CrossRef] [PubMed]

64. Isacchi, B.; Bergonzi, M.; Iacopi, R.; Ghelardini, C.; Galeotti, N.; Bilia, A. Liposomal Formulation to Increase Stability and Prolong
Antineuropathic Activity of Verbascoside. Planta Med. 2016, 83, 412–419. [CrossRef]

65. Azin, K.; Dóra, K.; Dániel, N.; Zoltán, U.; Pálma, F.; Miklós, V.; Judit, V.; Ferenc, F.; Ákos, K.; Sándor, G. Self-Nanoemulsifying
Drug Delivery Systems Containing Plantago lanceolata-An Assessment of Their Antioxidant and Antiinflammatory Effects.
Molecules 2017, 22, 1773.

http://doi.org/10.1016/j.jpba.2015.10.038
http://doi.org/10.1002/rcm.7795
http://www.ncbi.nlm.nih.gov/pubmed/27859774
http://doi.org/10.1055/s-0035-1555896
http://www.ncbi.nlm.nih.gov/pubmed/26241371
http://doi.org/10.1016/S1875-5364(15)30060-1
http://doi.org/10.1002/bmc.3505
http://doi.org/10.1016/j.jpba.2013.03.020
http://doi.org/10.1002/jssc.200700273
http://doi.org/10.1016/j.chmed.2018.03.009
http://doi.org/10.1039/C4AY02653E
http://doi.org/10.3390/molecules24173117
http://doi.org/10.1016/j.tifs.2015.10.015
http://doi.org/10.1080/10942912.2015.1042587
http://doi.org/10.1016/j.foodchem.2013.09.088
http://www.ncbi.nlm.nih.gov/pubmed/24206683
http://doi.org/10.1016/j.ajog.2015.02.006
http://doi.org/10.3390/pharmaceutics3040793
http://doi.org/10.1016/j.ijpharm.2016.02.003
http://doi.org/10.1016/S0731-7085(03)00645-9
http://doi.org/10.1016/j.jchromb.2006.07.040
http://doi.org/10.1016/j.biotechadv.2014.07.001
http://www.ncbi.nlm.nih.gov/pubmed/25048704
http://doi.org/10.1055/s-0042-106650


Foods 2022, 11, 769 16 of 16

66. Zhou, F.; Xu, T.; Zhao, Y.; Song, H.; Zhang, L.; Wu, X.; Lu, B. Chitosan-coated liposomes as delivery systems for improving the
stability and oral bioavailability of acteoside-ScienceDirect. Food Hydrocoll. 2018, 83, 17–24. [CrossRef]

67. Xue, Y.; Wang, N.; Zeng, Z.; Huang, J.; Xiang, Z.; Guan, Y.-Q. Neuroprotective effect of chitosan nanoparticle gene delivery system
grafted with acteoside (ACT) in Parkinson’s disease models. J. Mater. Sci. Technol. 2020, 43, 197–207. [CrossRef]

68. Guo, N.; Zhu, M.; Han, X.; Sui, D.; Wang, Y.; Yang, Q. The Metabolism of Salidroside to Its Aglycone p-Tyrosol in Rats following
the Administration of Salidroside. PLoS ONE 2014, 9, e103648. [CrossRef]

69. Chen. Preparation of BCC natural polymer complex gel and application in the encapsulation of salidroside and Vc. M.D. Thesis,
Nanchang University, Nanchang, China, 2016.

70. Li, S. Preparation and in vitro release of sustained salidroside microcapsule. Pharm. Clin. Chin. Mater. Med. 2014.
71. Yang, K.B.; Xu, Z.H.; Xu, X.B.; Chen, G.; Huang, X.J.; Lv, B.D. Preparation and Transdermal Research in Vitro of Salidroside

Microemulsion. Chin. J. Ethnomedicine Ethnopharmacy 2020, 29, 26–29.
72. Zhang, Y.; Jing, Q.; Hu, H.; He, Z.; Feng, N.P. Sodium dodecyl sulfate improved stability and transdermal delivery of salidroside-

encapsulated niosomes via effects on zeta potential. Int. J. Pharm. 2020, 580, 119183. [CrossRef] [PubMed]
73. Zhang, Y.; Zhang, K.; Wu, Z.; Guo, T.; Ye, B.; Lu, M.; Zhao, J.; Zhu, C.; Feng, N. Evaluation of transdermal salidroside delivery

using niosomes via in vitro cellular uptake. Int. J. Pharm. 2015, 478, 138–146. [CrossRef]
74. Xia, S.Q.; Fang, M.H.; Shi-Ying, X.U.; Zhang, X.M.; Zhu, W.H.; Wang, H.Y. Protective effect of salidroside nano-liposomes against

sub-acute radiation damage. Sci. Technol. Food Ind. 2014, 6, 334–337.
75. Munire·Kurban, M.W.; Ping, Y.; Tao, L. Preparation of pPB-modified herba cistanches phenylethanoid glycosides liposomes. Chin.

J. Drug Appl. Monit. 2018, 15, 330–333.
76. Zhang, S.; You, S.; Zhao, J.; Liu, T.; Toxicology, D.O. Protective effect of Cistanche phenylethanoid glycoside liposomes on

BSA-induced liver fibrosis in rats. Carcinog. Teratog. Mutagenesis 2019, 6, 428–433.
77. Ma, X.T.; Zhang, S.L.; Wang, Z.Q.; Chen, W.L.; You, S.P.; Liu, T. Study on effect of liposomes from cistanche phenylethanoid

glycosides on proliferation of rrPDGF-BB induced hepatic stellate cells and its action mechanism. Chongqing Med. 2019, 24, 3282.
78. Luo, M.; Peng, H.; Deng, Z.; Yin, Z.; Zhao, Q.; Xiong, H. Preparation and Characterization of Genipin-Crosslinked Chitosan

Microspheres for the Sustained Release of Salidroside. Int. J. Food Eng. 2015, 11, 323–333. [CrossRef]
79. Yu, X.; Sun, L.; Tan, L.; Wang, M.; Li, N. Preparation and Characterization of PLGA–PEG–PLGA Nanoparticles Containing

Salidroside and Tamoxifen for Breast Cancer Therapy. AAPS PharmSciTech 2020, 21, 85. [CrossRef]
80. Wang, J.F. Qualitative and Quantitative Studies on Phenylethanoid Glycosides from Different Parts of Cistanche deserticola. Ph.D.

Thesis, Peking Union Medical College, Beijing, China, 2014.
81. Bai, R.; Guo, Y.W. Analgesic, anti-inflammatory and toxic effects of phenylethanolic glycoside extract from Lamiophlomis rotate.

West China J. Pharm. Sci. 2015, 30, 2.
82. Li, Z. Study on pharmacokinetics and safety of phenylethanol glycoside extract from Monochasma savatieri. Ph.D. Thesis, Guizhou

Medical University, Guizhou, China, 2014.
83. Cao, D.D.; Yang, J.H.; Hu, J.P. Safety evaluation of nasal delivery of Phenylethanoid Glycosides nanoemulsion. J. Xinjiang Med.

Univ. 2018, 41, 5.
84. Chen, W.J.; Wen, Y.X.; Chen, Y.Y.; Huang, Y.L.; Li, D.P. Phenylethanoid glycosides and their cytotoxicity of Chirita eburnea Hance.

Chin. Tradit. Pat. Med. 2010, 32, 4.

http://doi.org/10.1016/j.foodhyd.2018.04.040
http://doi.org/10.1016/j.jmst.2019.10.013
http://doi.org/10.1371/journal.pone.0103648
http://doi.org/10.1016/j.ijpharm.2020.119183
http://www.ncbi.nlm.nih.gov/pubmed/32112930
http://doi.org/10.1016/j.ijpharm.2014.11.018
http://doi.org/10.1515/ijfe-2014-0314
http://doi.org/10.1208/s12249-019-1523-8

	Introduction 
	The Biological Activities of PhGs 
	Antioxidant Activity 
	Antibacterial and Antiviral Activities 
	Neuroprotective Activity 
	Hepatoprotective Activity 

	The Bioavailability of PhGs 
	The Absorption of PhGs 
	The Metabolism of PhGs 

	Lipid-Based Delivery Systems 
	The Research Status of PhG Delivery Systems 
	Echinacoside 
	Acteoside 
	Salidroside 

	Safety Evaluation and Existing Problems 
	Conclusions 
	References

