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Ginsenosides, dammarane-type triterpene saponins obtained from ginseng, have been used as a natural
medicine for many years in the Orient due to their various pharmacological activities. However, the
therapeutic potential of ginsenosides has been largely limited by the low bioavailability of the natural
products caused mainly by low aqueous solubility, poor biomembrane permeability, instability in the
gastrointestinal tract, and extensive metabolism in the body. To enhance the bioavailability of ginse-
nosides, diverse micro-/nano-sized delivery systems such as emulsions, polymeric particles, and vesic-
ular systems have been investigated. The delivery systems improved the bioavailability of ginsenosides
by enhancing solubility, permeability, and stability of the natural products. This mini-review aims to
provide comprehensive information on the micro-/nano-sized delivery systems for increasing the
bioavailability of ginsenosides, which may be helpful for designing better delivery systems to maximize
the versatile therapeutic potential of ginsenosides.

solubility © 2018 The Korean Society of Ginseng, Published by Elsevier Korea LLC. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Ginsenosides are dammarane-type triterpene saponins ob-
tained from ginseng, and they exhibit various pharmacological
activities, such as antiinflammatory, antistress, anticancer, anti-
oxidative, and antiaging effects [1—7]. The mechanisms of the
pharmacological activities of ginsenosides are based on diverse
bioactivities of the natural products including the induction of
apoptosis, stimulation of central nervous system, suppression of
nuclear factor kappa-light-chain-enhancer of activated B cells (NF-
kB) pathway, protective effect on DNA, chemoprophylaxis, and
antiangiogenesis (Table 1) [8—23].

Despite the promising pharmacological efficacies of ginseno-
sides, the therapeutic potential of ginsenosides has been largely
limited by the low oral bioavailability. Many studies investigated
pharmacokinetic evaluation of ginsenosides orally administered to

rats, and the oral bioavailability of ginsenosides was generally
measured to be below 5% as presented in Table 2 [6,24—33]. The
low bioavailability of ginsenosides could be attributed to undesir-
able physicochemical properties of the natural products such as
low aqueous solubility, poor biomembrane permeability, instability
in the gastrointestinal (GI) fluid, and extensive metabolism in the
body [6,24,34—37].

Therefore, to enhance the bioavailability of ginsenosides, gin-
senosides should be solubilized, efficiently delivered to target tis-
sues, and properly protected from the physiological factors such as
low pH in the stomach and enzymes existing in the GI tract. To
achieve the goals, various micro-/nano-sized delivery systems have
been explored, such as microemulsions/nanoemulsions [38],
polymeric microparticles/nanoparticles [39], and vesicular systems
including liposomes [40], ethosomes [41], and transfersomes [42].
They have considerably improved the problematic properties of
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Table 1
Some pharmacological activities of ginsenosides

Ginsenosides Pharmacological effects

Rg3 Induction of apoptosis [9,10]
Anticancer activity [11]
Antifatigue effect [12]

Rg5 Anticancer activity [13]

Lung inflammation relief [13]

Anticancer activity [14,15]

Stimulation of chemoprophylaxis

[15]

Suppression of NF-kB pathway

activation [16]

Inhibition of mutagenicity [17]

Compound K

Rh2 Induction of apoptosis [11]
Anticancer activity [18]

Rgl Stimulation of central nervous
system [19]

Antifatigue effect [20]
Antiinflammatory effect [20]
Vasodilation effect [20]
Sedative effect on central nervous
system [20]

Rb1 Sedative effect on central nervous
system [19]
Antiinflammatory effect [19]
Vasodilation effect [19]
Protecting and repairing effect on
DNA [21,22]

R1 Neuroprotective effects [23]

Table 2
Some of oral bioavailabilities of ginsenosides evaluated in rats
Ginsenosides Oral bioavailability (%) Dose (mg/kg) References
Rb1 435 10 [28]
Rd 2.36 10 [29]
Re 0.19—-0.28 1 [30]
Rh2 47,40, 6.4 1,3,9 [6]
Rg3 N/A (<LOQ) 100 [32]
2.63 10 [33]
20(S)-Protopanaxadiol 24.4—-49.2 2 [26]
22.37 25 [27]
Compound K 35.0 20 [25]

LOQ, limit of quantitation.

Table 3
Various delivery systems for enhancing bioavailability of ginsenosides
Delivery systems Administration References
route
Emulsions Microemulsion Intraduodenal [32,44]
Intranasal [46]
Nanoemulsion Oral [52]
Polymeric Microparticle Intramuscular [47]
microparticles/nanoparticles Topical [52]
Oral/Intranasal [13]
Nanoparticle  Oral [50]
Inner ear [35,53]
Nanoparticle  Intravenous [43]
Vesicular delivery systems Liposome Intraperitoneal [49]
Proliposome  Oral [45]
Modified Oral/Subcutaneous  [48,54]
liposome
Ethosome Topical [55]
and
transfersome
Niosome Oral [51]

ginsenosides, thereby successfully enhancing their bioavailabilities.
The diverse delivery systems have also been administered to the
body via different routes to effectively increase the bioavailability of
ginsenosides as shown in Table 3 [13,35,43—55].

The works for improving the bioavailability of ginsenosides
using various delivery systems have been continuously conducted.
However, to the best of our knowledge, there is a paucity of reviews
that comprehensively cover the previous studies on delivery sys-
tems of ginsenosides. To further advance the delivery systems for
enhancing the bioavailability of ginsenosides and maximize the
therapeutic potential of ginsenosides, deep understanding and
systematic analysis of the previously explored delivery systems of
ginsenosides is indispensable. Therefore, this mini-review aims to
collectively highlight representative micro-/nano-sized delivery
systems for improving the bioavailability of ginsenosides to provide
pharmaceutical insight to the readers, which might be useful for
designing better delivery systems of ginsenosides.

2. Factors to consider for improving bioavailability of
ginsenosides

2.1. Physicochemical properties of ginsenosides

Physicochemical properties of ginsenosides should be carefully
considered as shown in Fig. 1 to successfully increase the
bioavailability of the natural products. The physicochemical char-
acteristics can be varied depending on the chemical structure of
ginsenosides, which typically consists of a dammarane skeleton
containing 17 carbons in its four-ring structure and different sugar
moieties, such as glucose, xylose, and arabinose, which are bound
to the C-3 and C-20 positions [56,57].

Owing to the large molecular size of the dammarane skeleton,
ginsenosides generally exhibit low membrane permeability [36].
For this reason, the absorption of ginsenosides in the GI tract de-
pends largely on energy-dependent transporters such as the so-
dium-dependent glucose cotransporter 1 [25]. Despite the
presence of the transporters, however, the oral bioavailability of
ginsenosides and their metabolites has been known to be
extremely low [26,27,58]. One of the main reasons for this is
because p-glycoprotein efflux system causes the efflux of ginse-
nosides, thereby lowering the bioavailability [23].

In terms of solubility of ginsenosides, it can vary depending on
the number of sugar units in the chemical structure of ginsenosides
[43]. The sugar moieties exhibiting hydrophilic property facilitate
the dissolution of ginsenosides. However, many ginsenosides hav-
ing anticancer activity have been reported to be aglycones, which
means the natural products lack the sugar moieties, thereby
showing low aqueous solubility [59].

The stability of ginsenosides is also problematic because gin-
senosides can be degraded by acid hydrolysis in the stomach along
with the glycosyl elimination and epimerization of C-20 sugar
moiety [48,60]. The intestinal microflora also have been reported to
cleave the C-3 or C-20 oligosaccharides of ginsenosides [48]. The
degradation of ginsenosides by hydrolysis and enzymes may lead to
the loss of therapeutic activities of the natural products. Therefore,
suitable delivery systems that can improve the undesirable prop-
erties of ginsenosides are indispensable for increasing the oral
bioavailability of ginsenosides.

2.2. Pharmaceutical properties of delivery systems and dosage
forms

Delivery systems of ginsenosides must be systemically designed
with considering various properties that affect resulting bioavail-
ability of ginsenosides as illustrated in Fig. 1.

First of all, fundamental materials constituting the delivery
systems should be safe and biocompatible. The materials should
not exhibit any toxicity to the human body and affect the physio-
logical functions. In addition, the materials must not undesirably



H. Kim et al | Improved bioavailability of ginsenosides 363

Factors to consider for improving
bioavailability of ginsenosides

Properties of
ginsenosides

Properties of
delivery systems

Sugar moieties Solubility

A

1\ 4 i\

\
=
Hydrolysis

Enzymatic degradation Stability

\ J
= ™\
Molecular size

Partition coefficient Remeability

Y&
VAN

Cancer tissue

Lung Target tissue
L Central nervous system y

N
— - Oral / Intravenous
Administration Intranasal / Topical
route Intranasal
7
N\

Release mechanism
Release rate
Period of time required
. J

Release behavior
of ginsenosides

Targeted delivery

Delivery e :
efficiency Stlmu(ljlérlcievséponswe
& - y,
G )
. s Toxicit
Biocompatibility Ty res);l)onse
\ J
{

Degradation products
Degradation rate
\Degradation mechanist

Biodegradability

Fig. 1. The bioavailability of ginsenosides is governed by numerous factors related to delivery carriers and systems as well as physicochemical properties of ginsenosides. The
physicochemical properties of ginsenosides such as aqueous solubility, stability, and biomembrane permeability need to be evaluated before design of efficient delivery systems. The
delivery systems should be carefully designed to enhance the bioavailability of ginsenosides, considering administration route, release behavior, biocompatibility, and biode-
gradability. The delivery systems also need to release ginsenosides at the desired sites of the body.

interact with ginsenosides, which can result in the reduction of
therapeutic efficacies of the natural products. They also need to be
biodegradable and eliminated from the body at a proper rate, and
the degradation products also should be safe and properly excreted.

For enhancing the bioavailability of poorly soluble ginsenosides,
the delivery systems need to solubilize the ginsenosides because
the solubility significantly affect the dissolution rate of the natural
products and resulting absorption to the systemic circulation [61].

The delivery systems should also stabilize ginsenosides from the
harsh physiological conditions such as highly acidic environment in
the stomach and enzymes existing in the GI tract. Without suitable
protection of ginsenosides, the natural products may be degraded
before being absorbed, leading to a low bioavailability [6]. In
addition, the delivery systems should facilitate the penetration of
ginsenosides through the biomembranes at the absorption site
because ginsenosides generally exhibit poor permeability as
described previously [44,45,49,62].

To maximize the bioavailability of ginsenosides, the release
behavior of ginsenosides from the delivery systems also should be
considered. Based on physicochemical properties of ginsenosides,
the optimization of the release rate of ginsenosides can also be an
effective means to increase the bioavailability [20,44,46,47,63], and
it can be achieved by changing various properties of the delivery
systems, such as the composition including types and concentra-
tion of pharmaceutical materials used and physical features such as
the size and shape of the systems.

Depending on the types of diseases and lesions, the delivery
systems can be modified to target ginsenosides to the specific sites

of the body. The targeted delivery of ginsenosides is able to pro-
mote their efficient delivery to the site of interest, thereby maxi-
mizing the therapeutic efficacy of ginsenosides and also decreasing
their possible systemic toxicity [23,48,50,51]. In addition, the
administration route of the delivery systems can be varied to avoid
the delivery of ginsenosides to unwanted sites and increase the
bioavailability [64,65]. Preventing possible toxicity of ginsenosides
is important because ginsenosides have been known to exhibit
some side effects, such as hypertension, insomnia, anxiety, diar-
rhea, and vomiting, when they are administered to the body at a
high dose or for a long period of time [66,67]. Recently, it has also
been newly reported that ginsenosides can even disturb the im-
mune and hematopoietic systems [67]. Therefore, the delivery
systems should be carefully designed along with selecting suitable
administration routes to maximize the therapeutic efficacies of
ginsenosides and minimize the possible toxicities of ginsenosides.

3. Representative micro-/nano-sized delivery systems for
improving bioavailability of ginsenosides

3.1. Oil-based delivery systems

3.1.1. Microemulsions

Emulsions are immiscible mixtures of a biphasic oil-water
system, in which one liquid phase is dispersed in the other phase.
There are two types of emulsions: oil-in-water (o/w) emulsion
consisting of oil droplets dispersed in water and water-in-oil (w/o)
emulsion where water droplets are dispersed in oil. Emulsions are
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useful delivery systems for poorly soluble drugs because they can
effectively solubilize the drugs and increase the absorption rate and
bioavailability of the drugs due to their small droplet size and
resulting large surface area of droplets [68,69].

Among various types of emulsions, microemulsions have been
shown to be highly effective for improving the bioavailability of
poorly soluble drugs [70]. The main difference of microemulsions
compared with conventional emulsions is the thermodynamic
stability achieved by optimized composition of the microemulsion
including appropriate ratios of oil, water, surfactant, and possibly
cosurfactant. Owing to the improved thermodynamic stability, the
microemulsions exhibit smaller droplet sizes (typically dozens-
hundreds nanometers) than conventional emulsions with droplet
sizes of micrometer scale. The microemulsions thus show increased
drug dissolution rates than normal emulsions, thereby efficiently
facilitating the drug absorption [38]. The microemulsions have also
been reported to be less affected by food effects, leading to
enhanced reproducibility of drug plasma profiles [71,72]. In addi-
tion, the microemulsions have been known to not depend largely
on the lipid digestion process, which is required for the absorption
of drugs formulated in other lipid-based drug delivery systems [71].
For the reasons, the microemulsions have been exploited to
enhance the bioavailability of ginsenosides.

Han et al [44] have investigated w/o microemulsion of ginse-
noside Rg1 and showed that the microemulsion can significantly
increase the intestinal absorption of ginsenoside Rg1l after the
intraduodenal administration to rats. The increased absorption may
be associated with the improved solubility and dissolution rate of
ginsenoside Rg1 and enhanced membrane permeability of Rg1 by
the microemulsions, which was demonstrated by the parallel
artificial membrane permeability assay and in vitro rat skin
permeability test. The microemulsion finally increased relative
bioavailability of ginsenoside Rg1 ranging from 268% to 1270% in
comparison with that of the control ginsenoside solution.

Administration of microemulsions containing ginsenosides
through nasal route for brain delivery has also been explored [12].
Nasal delivery of ginsenosides provides the following advantages.
First, the first-pass metabolism can be avoided. Second, the enzy-
matic activity of the nasal route is relatively low compared with
that of other organs. Third, the onset of therapeutic effects is
comparatively rapid. In addition, ginsenosides administered
through the nasal passage can directly enter cerebrospinal fluid,
cross the blood—brain barrier, and reach the brain [73]. The nasal
mucosa is supplied with sufficient bloodstream, which is advan-
tageous for the absorption of ginsenosides into the systemic cir-
culation [61].

Tao et al [46] investigated the pharmacokinetics and brain up-
take of ginsenoside Rg1 and Rb1 contained in o/w microemulsion.
The results showed that the relative rates of uptake and the ratio of
peak concentration of the ginsenosides in the brain increased by
126.31% and 147.48%, respectively, by the microemulsion compared
with those of the ginsenoside solution. These data demonstrated
that the intranasal administration of the microemulsion promoted
delivery efficiency of the ginsenosides to the brain and enhanced
the bioavailability.

3.1.2. Nanoemulsions

Nanoemulsions are similar to microemulsions in terms that they
are also composed of oil, water, surfactants, and possibly co-
surfactants. However, in contrast to microemulsions, the dispersion
of the dispersed phase in nanoemulsions is not spontaneously
achieved because the dispersion state of nanoemulsions is not
thermodynamically stable [74]. The dispersion process of nano-
emulsion thus generally requires intensive mechanical forces
exerted by some devices, such as high pressure homogenizer and

ultrasound generator. Despite the disadvantages, nanoemulsions
provide benefits such as less amount of surfactants needed for the
preparation and extremely small droplet sizes (generally less than
100 nanometers), which is advantageous for increasing the drug
absorption rate [75,76]. Therefore, the nanoemulsion could be one
of the promising delivery systems for improving the bioavailability
of ginsenosides.

Nanoemulsion has been studied to improve the oral bioavail-
ability of Panax notoginseng saponins (PNS), which are easily
degraded and metabolized by the gastric acid, glycosidase, and
intestinal flora existing in the GI tract after oral administration [77].
The nanoemulsions of PNS were successfully prepared by the
following procedure. The oil phase, surfactant, and cosurfactant
were added to PNS solution and stirred adequately. Then, the
mixture was homogenized by a high pressure homogenizer until
transparent nanoemulsions of PNS were acquired. The particle
characteristics of the nanoemulsion such as particle size, poly-
dispersity index, refractive index, and content of ginsenosides in
the emulsion were also optimized. In this study, the nanoemulsion
exhibited the improved stability of PNS and released the ginseno-
sides in a sustained manner. Improved stability of the nano-
emulsions of PNS was demonstrated by an accelerated test. Under
this test, the nanoemulsions of PNS were still transparent, without
any turbidities after 6 months. PNS from the nanoemulsions were
released near completely (98.13%) within 48 hours, whereas PNS
were released from the solution completely within only 10 hours.
In addition, pharmacokinetic study in rats was performed.
Compared with PNS solution, the nanoemulsions of PNS showed
around fivefold increase in the absorption and 2.58-fold increase in
the oral bioavailability [47]. The reason for the increase in oral
bioavailability of PNS might be largely attributed to the small
droplet size and good permeability of the dispersed phase con-
taining the PNS.

3.2. Polymeric microparticles/nanoparticles

3.2.1. Polymeric microparticles

Polymeric microparticles are small spherical particles, with di-
ameters generally ranging from 1 pm to 1000 um. The micropar-
ticles have large surface area due to their small particle size,
thereby increasing the drug absorption rate in the GI tract and also
can protect the entrapped drugs from external environments [78].
In addition, the polymeric microparticles can provide controllable
drug release behaviors, which is also useful for improving the
bioavailability of drugs [47]. Therefore, polymeric microparticles
have been used to improve the bioavailability of ginsenosides.

Wei et al [47] investigated the effect of ginsenoside Rg1-loaded
gelatin microspheres (GMS) crosslinked with genipin on the
angiogenesis in myocardial tissues and the preservation of left
ventricular function after injecting the GMS to rats via intramus-
cular route. They demonstrated the improved stability of Rgl
loaded in GMS by the crosslinking using genipin. In contrast, GMS
without the crosslinking became collapsed and agglomerated
when exposed to aqueous environment. From the rats adminis-
tered the Rgl-loaded GMS, the attenuation of the left ventricular
hypertrophy and myocardial fibrosis was observed. In addition, the
Rg1-loaded GMS were found to significantly promote angiogenesis
in myocardial tissue. The results thus imply that Rg1-loaded GMS
were stable and successfully improved myocardial perfusion and
left ventricular function [47].

Another study investigated GMS-incorporated collagen/chito-
san (CC) scaffolds for regeneration of skin tissues [52]. The GMS was
used as a controlled release system of ginsenoside Rg1 that can
stimulate cell proliferation and angiogenesis, which might be
helpful for enhancing the skin regeneration effect of the CC
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scaffolds. Pharmacological activity of Rg1 could be preserved from
external environment due to the protecting function of the GMS. In
addition, Rgl released from the GMS in a controlled manner
increased proliferation, migration, and tube formation of human
umbilical vein endothelial cell by 267.59%, 186.42%, and 252.73%,
respectively, compared with those of the control group devoid of
the GMS. Therefore, Rg1-loaded GMS-CC scaffolds were proved to
be effective for regeneration of skin tissues.

Zhang et al [12] designed and evaluated Rg3-loaded chitosan
microspheres to prolong the residence time of Rg3, which has
pharmacological activities such as antifatigue and immune-
boosting effects, in the nasal cavity. Despite various advantages
aforementioned, the drug administration through nasal route
generally does not permit the retention of drugs in the nasal cavity
for a long time, leading to rapid clearance of drugs and resulting
low bioavailability. The authors assumed that the chitosan micro-
spheres can protect Rg3 from enzymatic degradation and increase
the retention time of Rg3 in the nasal cavity and performed phar-
macodynamics studies using Rg3-loaded chitosan microspheres.
They evaluated the weight-bearing swimming time of mice to
assess the antifatigue effect. The result showed that the swimming
time was increased by 12.5% after the administration of Rg3-loaded
chitosan microspheres compared with that measured with Rg3
aqueous solution. Biochemical parameters associated with antifa-
tigue effect, such as concentration of lactic acid, serum urea ni-
trogen, hepatic glycogen, and lactate dehydrogenase in the blood,
were also examined. Blood lactic acid and serum urea nitrogen
were significantly lower in mice administered Rg3-loaded chitosan
microspheres than those administered the Rg3 solution. Hepatic
glycogen and lactate dehydrogenase were significantly higher in
mice administered Rg3-loaded chitosan microspheres than those
administered the Rg3 solution. The results might be largely due to
the prolonged residence time of Rg3 in the nasal cavity [12].

Baek et al [20] developed polymeric microparticles of ginseno-
sides composed of enteric-coating and mucoadhesive polymer.
Eudragit L100-55, an anionic polymer of methacrylic acid that
dissolves at pH ranging from 5.5 to 7, was used to prepare the
microparticles, and chitosan was used to coat the microparticles to
confer them a mucoadhesive property. The study aimed to over-
come the low oral bioavailability of ginsenosides caused by
degradation in the acidic environment of the stomach. The use of
the enteric-coating polymer and mucoadhesive polymer was ex-
pected to avoid the hydrolysis of the microparticles in the stomach
and to promote the localization of the particles in the intestinal
membranes. The results showed that the microparticles slowly
released ginsenosides at pH 1.2, followed by rapid release of the
ginsenosides at pH 6.8, implying that the microparticles could
control the release rate of the ginsenosides depending on the
variation of pH. The mucoadhesive property of the microparticles
was also demonstrated by the changes in zeta potential values by
chitosan. Therefore, the authors showed the possibility of the mi-
croparticles to be used as a useful delivery system of ginsenosides.

3.2.2. Polymeric nanoparticles

Polymeric nanoparticles are very small particles of which par-
ticle size generally ranges from 10 nm to 1000 nm. Because of their
extremely small particle size, the nanoparticles provide improved
drug dissolution rates and enhanced drug absorption. The nano-
particles also can release the drugs in a controlled manner, similar
to the polymeric microparticles. Furthermore, the polymeric
nanoparticles can protect the entrapped drugs from external en-
vironments [39]. In some cases, the nanoparticles can easily reach
the target sites compared with microparticles due their small
particle size. For the advantages, polymeric nanoparticles have
been exploited to enhance the bioavailability of ginsenosides.

Voruganti et al [53] identified a novel ginsenoside 25-OCH3-PPD
(GS25), which has been known to exhibit high anticancer activity.
The authors demonstrated the inhibitory effect of GS25 on mouse
double minute 2, an important negative regulator of the p53 tumor
suppressor and its anticancer activity in various human cancer
models. However, the oral bioavailability of GS25 was highly
limited due to its hydrophobic property; therefore, GS25-loaded
polyethylene glycol (PEG)-poly(lactic-co-glycolic acid) (PLGA)
nanoparticles (GS25NP) were designed to improve the oral
bioavailability of GS25. PLGA nanoparticles have been reported to
be useful for enhancing solubility and bioavailability of drugs, but
they commonly exhibit a short residence time in the systemic cir-
culation due to their rapid clearance. Therefore, the authors coated
the nanoparticles with a hydrophilic polymer, PEG, which can
stabilize the nanoparticles and increase their residence time.
Compared with unencapsulated GS25, GS25NP demonstrated
significantly increased oral bioavailability of GS25 and enhanced
anticancer activity both in vitro and in vivo models [53].

Zhang et al prepared PLGA nanoparticles loaded with salvianolic
acid B, tanshinone IIA, and PNS by a double emulsion/solvent
evaporation method and administered the nanoparticles to guinea
pigs [23]. Distribution of the ginsenosides within the inner ear,
cerebrospinal fluid, and brain of the animals was found to be
improved after intratympanic administration compared with that
after intravenous injection. In vitro release tests also demonstrated
that PLGA nanoparticles showed a good sustained release behavior
of ginsenosides. Ginsenoside R1 was completely released from the
nanoparticles within 72 hours, whereas it was released completely
within only 6 hours without using the nanoparticles. Pharmaco-
dynamic studies also showed that the nanoparticles markedly
inhibited oxidizing reactions and protected the brain from cerebral
ischemia-reperfusion injury through an upregulation of superoxide
dismutase activity in serum and the brain. The levels of malon-
dialdehyde and nitric oxide synthase were also significantly
reduced. The preliminary toxicity studies proved that intra-
tympanic delivery of the nanoparticles did not affect cochlear
function. Collectively, these findings suggested that ginsenoside-
loaded PLGA nanoparticles can be effectively used for the treat-
ment of brain diseases via inner ear administration [23].

Mathiyalagan et al developed hydrophilic polymer-conjugated
ginsenosides that can self-assemble to form nanoparticles [50].
The hydrophobic ginsenoside compound K (CK) was covalently
conjugated to the backbone of hydrophilic glycol chitosan (GC)
through an acid-labile linkage. The conjugates formed self-
assembled nanoparticles in a buffer at physiological pH 7.4 and
were found to be highly stable in the condition. The nanoparticles
could be dissolved when exposed to mildly acidic conditions such
as tumor tissues and inflammatory sites, thereby selectively
releasing the incorporated ginsenosides to the target lesions. The
GC-CK conjugates also exhibited high cytotoxicity in various cell
lines. The results imply that the self-assembled GC-CK nano-
particles can be utilized as a pH-responsive delivery system of
ginsenosides [50].

Another research group developed nanoparticles composed
only of therapeutic agents including ginsenosides [43]. This was
achieved by binding ginsenoside Rb1 to natural anticancer drugs
such as betulinic acid, dihydroartemisinin, and hydrox-
ycamptothecin. The authors demonstrated that the ginsenoside
Rb1 conjugated to the natural anticancer drugs self-assembled to
form stable nanoparticles. The nanoparticles exhibited stronger
anticancer effects both in vitro and in vivo models than the
respective free drugs. Moreover, the nanoparticles, owing to their
particle sizes of approximately 100 nm, showed better tumor
selectivity and longer half-life in the systemic circulation.
Furthermore, the nanoparticles showed decreased side effects in a
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mouse tumor xenograft model than each free drug. The results
therefore strongly support the usefulness of the self-assembled
nanoparticles as a novel and efficient nano-sized delivery system
of ginsenosides for cancer therapy [43].

3.3. Vesicular delivery systems

3.3.1. Liposomes

Liposomes are one of the most extensively studied nano-sized
vesicular delivery systems. They have lipid bilayer vesicles with
similarities to the biological membrane. They can trap both hy-
drophobic and hydrophilic compounds and protect the entrapped
compounds from external environment. Liposomes are also
biocompatible and biodegradable because they are generally pre-
pared using phospholipids that can be utilized by the human body
[40].

Liposomes can incorporate poorly soluble drugs in their lipid
bilayer, which can lead to improved dissolution behavior of the
drugs [64]. The small size and resulting large surface area of lipo-
somes are also advantageous for increasing the absorption rate of
the entrapped drugs. In addition, liposomes can protect the drugs
from harsh external environment such as gastric acid and enzymes
present in the GI tract, thereby increasing the bioavailability of the
drugs. For the advantages, liposomes have been exploited to
improve the bioavailability of ginsenosides.

Yu et al evaluated the pharmacokinetic parameters of Rg3
loaded in liposomes and their anticancer activity after adminis-
tering the liposomal Rg3 to Wistar rats compared with those of Rg3
solutions [49]. The liposomal Rg3 showed considerably improved
pharmacokinetic parameters such as Chax and area under the curve
(AUC) compared with those assessed with the Rg3 solution, which
might be attributed to the improved dissolution behavior and
enhanced permeability of Rg3 by the liposomes. In addition, the
liposomal Rg3 significantly reduced the tumor growth rate
compared with the Rg3 solution [49].

However, liposomes generally exhibit a poor colloidal stability
in the suspension state. They can aggregate each other and also leak
drugs incorporated in their internal spaces. In addition, the lipids
constituting the liposomes can be oxidized and hydrolyzed, which
are not undesirable for maintaining the stability of liposomes [64].
To overcome these limitations, liposomes have been solidified to
proliposome by removing water in the liposomal suspension using
various methods, such as freeze-drying, vacuum drying, fluidized
bed drying, or spray drying [42,79].

Among the methods, freeze-drying has been shown to be
promising for increasing the stability of liposomes, maintaining the
biological activity of drugs, and preventing the degradation of
drugs by hydrolysis. However, the freeze-drying can cause increase
in the particle size of liposomes, which might be caused by the
physical stress and formation of ice crystals occurring during the
freeze-drying process. Li et al therefore used lyoprotectants such as
glucose, trehalose, maltose, lactose, mannitol, inositol, and PEG and
compared their protective effects on ginsenoside Rg3-loaded lipo-
somes during the freeze-drying procedure [80]. The results showed
that the best protective effect was observed with the combined
used of glucose and mannitol, exhibiting the most improved sta-
bility of the liposomes in terms of the particle size and drug
retention rate. Moreover, the lyophilization of Rg3-loaded lipo-
somes with the lyoprotectants did not significantly affect the
anticancer activity of Rg3 [80].

Hao et al [45] also prepared ginseng fruit saponin-loaded pro-
liposomes (GFS-P) incorporating sodium deoxycholate, which is a
bile salt that can improve the stability of the liposomes in the GI
tract and permeability through the biomembrane. In vitro release
profiles of GFS from reconstituted GFS-P and GFS solution were

comparatively assessed in artificial gastric fluid at pH 1.2 and
simulated intestinal fluid at pH 6.8. The result showed that the
reconstituted proliposomes exhibited sustained release of GFS at
both pH 1.2 and pH 6.8 compared with the GFS solution. The sta-
bility of the proliposomes was evaluated by examining the particle
size distribution and drug entrapment efficiency after storage at
room temperature (37°C) and refrigerated temperature (4°C) for 90
days. As a result, no significant changes in the particle size and drug
entrapment efficiency were observed, implying that the stability of
the liposomes was well maintained [45]. The GFS-P could also in-
crease the permeability of ginsenoside Re (GRe) in the GI tract
owing to the bile salt contained in the liposomes. Among GFS-P, GFS
solution, and Zhenyuan tablets, a commercial product of GFS, the
pharmacokinetic study in rats indicated that GFS-P presented the
greatest Cpax, longest half-life, and highest AUC. Therefore, the
results demonstrated that proliposomes successfully increased the
oral availability of GFS.

3.3.2. Modified liposomes

Despite various advantages of liposomes as described previ-
ously, conventional liposomes show limitations such as the poor
drug delivery efficiency to the lesions and rapid clearance from the
systemic circulation caused by the reticuloendothelial system. To
address the problems, lipids constituting liposomes have been
modified with various polymers [81,82]. For example, PEGylated
liposomes, liposomes consisting of lipids conjugated with PEG,
have been extensively investigated for prolonging the residence
time of the liposomes in the bloodstream. Some liposomes were
modified with cationic materials and were used to increase delivery
efficiency of anticancer agents to tumor tissues because the positive
charge of the liposomes can strongly interact with the tumor cell
membrane [83]. Owing to the advantages, the modified liposomal
systems have also been investigated to enhance the bioavailability
of ginsenosides.

In a study conducted by Xu et al, three types of liposomes,
namely conventional liposomes, methoxy PEG-polylactic acid—
modified liposomes (PLP), and cationic liposomes (CLP) with
octadecylamine, were prepared and evaluated [48]. The results
showed that CLP and PLP showed similar physicochemical prop-
erties such as average particle size, particle size distribution, and
zeta potential value to conventional liposomes. The PLP and CLP
also released Rh2 in a sustained manner compared with free Rh2,
and CLP exhibited more pH-sensitive release of Rh2 than other li-
posomes. In vivo test, PLP, and CLP significantly increased the
accumulation of a fluorescent cyanine dye, 1,1'-dioctadecyl-
3,3,3/,3’-tetramethylindotricarbocyanine iodide (DiR) in tumor
tissues xenografted to nude mice more than conventional lipo-
somes. PLP and CLP also prolonged the residence time of DiR in
tumors. When comparing the PLP and CLP, PLP exhibited more
increased accumulation and longer residence time of DiR in the
tumors. The results might be attributed to decreased elimination of
ginsenoside Rh2 by the PEGylation and resulting in much more
accumulation of the PLP in tumor tissues by the enhanced
permeability and retention effect [62]. Furthermore, the PLP also
showed the highest suppressive effect on the tumor growth,
without causing any systemic toxicity. The results together sug-
gested that PLP and CLP could release ginsenoside Rh2 in a
controlled manner, prolong the resident time of the ginsenoside in
the bloodstream, and enhance the bioavailability [62,84].

In another study, poorly soluble drug, ginsenoside compound K
(GCK) was loaded in liposomes modified with tocopheryl poly-
ethylene glycol succinate (TPGS) to enhance the solubility of the
ginsenoside, improve the drug encapsulation efficiency, and inhibit
efflux of GCK from tumor cells caused by P-glycoprotein [49,85,86].
The amphiphilic property of TPGS confers the liposomes good
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surfactivity because of the polar head portion of PEG and the
lipophilic alkyl tail of tocopherol succinate. Therefore, it could in-
crease solubility and membrane permeability of GCK. In vitro
release studies showed the improvement of dissolution behavior
and controlled release of GCK from the liposomes due to increased
hydrophobic interaction between the aromatic ring of TPGS and
phospholipids constituting the liposomes. In addition, the lipo-
somes exhibited a strong hypersensitization effect on A549 cells,
which enhanced their cellular uptake. Furthermore, the ICs¢ of GCK
from the liposomes was significantly lower than that of free GCK.
Moreover, the liposomes could be selectively accumulated in tumor
tissues by the inhibition of P-glycoprotein pump and the enhanced
permeability and retention effect [49].

Owing to comparatively poor drug-loading efficiency and
possible drug leakage of liposomes, liposomes are generally
considered to be not proper for achieving controlled drug release
[64]. To overcome the drawbacks of liposomes, PNS-loaded core-
shell hybrid liposomal vesicles (PNS-HLV) were developed [54]. The
PNS-HLV consisted of a core nanoparticle composed of methyl
ether PEG conjugated to PLGA and lipid bilayers surrounding the
core nanoparticle. Therefore, the PNS-HLV were expected to exhibit
the combined advantages of polymeric nanoparticles and lipo-
somes, thereby achieving the controlled drug release, high drug
loading efficiency, and good biomembrane permeability.

When evaluating the drug-loading efficiency of PNS, the PNS-
HLV exhibited the highest value among a PNS solution, conven-
tional PNS-loaded nanoparticles, and liposomes. In addition, the
PNS-HLV showed the best controlled drug release profiles at
physiological pH condition (pH 7.4) and acidic condition (pH 2).
Furthermore, the stability of PNS-loaded nanoparticles, PNS-loaded
liposomes, and PNS-HLV in terms of particle size and drug
entrapment efficiency was evaluated at 4°C under application of
light. No significant change was observed from PNS-HLV, indicating
that the stability of PNS-HLV was well preserved. In the case of
in vivo test, PNS-HLV significantly decreased the infarction volume
and exhibited the highest antioxidant effect [54].

3.3.3. Ethosomes and transfersomes

Topical delivery of ginsenosides such as Rh1 has exhibited anti-
allergic and antiinflammatory effects on the skin. However, con-
ventional liposomes containing ginsenosides generally do not
penetrate deeply into the skin, and therefore, advanced liposomes
such as ethosomes and transfersomes have been studied to enhance
the topical delivery of ginsenosides. Ethosomes, consisting of
phospholipid, ethanol and water, show increased skin permeability
because ethanol makes the lipid bilayer flexible and disrupts the skin
barrier [41]. Transfersomes are ultraflexible liposomes composed of
phospholipids and edge activator (surfactants) present within the
lipid matrix, which render the lipid bilayer flexibility. The flexibility
of transfersomes is advantageous for penetrating into the skin tis-
sues [87]. Therefore, ethosomes and transfersomes were used to
enhance the dermal delivery of ginsenosides.

Choi et al investigated ginsenoside Rh1-loaded vesicular sys-
tems such as liposomes, ethosomes, and transfersomes [55]. They
demonstrated that the flexibility of the vesicles affected the
entrapment of ginsenoside Rh1. The transfersomes exhibited the
highest entrapment efficiency of ginsenoside Rh1, followed by
ethosomes and liposomes. The authors then evaluated the skin
permeability of the Rh1-loaded vesicles using Franz diffusion cells
where the human cadaver skin was inserted. The result showed
that the fraction of ginsenoside Rh1 that penetrated the skin was
the greatest with the transfersomes, followed by the ethosomes
and liposomes. Therefore, it has been proven that flexible lipo-
somes could be used to enhance the topical delivery of ginseno-
sides [55].

3.3.4. Niosomes

Niosomes are nonionic surfactant-based vesicles and can
encapsulate drugs with a wide range of solubility due to the pres-
ence of amphiphilic moieties in the structure [88,89]. Therefore,
niosomes are promising as a carrier of ginsenosides, which exhibit a
broad range of aqueous solubility.

Niosomes with pH-sensitive core materials could be particu-
larly useful for delivery of ginsenosides with anticancer activity.
For example, Chen et al [51] have designed niosomes having
double pH-sensitive mixed micelles containing ginsenoside Rh2.
The pH-sensitive micelles were prepared with hydrazine-based
pH-responsive methoxy PEG2000-hydrazone-cholesteryl hemi-
succinate (mPEG2000-Hz-CHEMS) and methoxy PEG2000 (mPEG
2000) [90]. The pH-sensitive micelles containing ginsenoside Rh2
were mixed with Pluronic F-68 used as a nonionic surfactant in an
aqueous medium to fabricate niosomes to prepare Rh2-loaded
multicore niosomes (Rh2-MCN).

In vitro drug release study showed that ginsenoside Rh2 was
rapidly released from the MCN at pH 5.0 compared with at pH 7.4.
Evaluation of cytotoxicity of Rh2-MCN was carried out using MCF-7
cells and MTT assay. As a result, Rh2-MCN exhibited greater cyto-
toxicity than free Rh2, possibly due to the better permeability of
Rh2-MCN than free Rh2. In vivo study also showed the selective
accumulation of Rh2-MCN in tumor tissues and resulting reduced
growth of the tumor tissues after 2 weeks [51].

4. Conclusion

The importance of ginsenosides as a natural medicine has been
recognized for a long time due to their versatile therapeutic ac-
tivities that have been continuously proven in vitro and in vivo
models. Despite the promising therapeutic potentials of ginseno-
sides, however, the use of ginsenosides has been largely limited by
the low bioavailability, which might be attributed to the undesir-
able physicochemical properties of ginsenosides. Pharmaceutical
scientists have made many efforts to improve the bioavailability of
ginsenosides by developing efficient delivery systems and exam-
ining various administration routes of ginsenosides, leading to
significant improvement of the bioavailability of ginsenosides,
showing some degree of success. Despite the presence of the
accumulated works on the development of delivery systems of
ginsenosides, only a few reviews that summarized the information
on specific delivery systems of ginsenosides such as polymeric
nanoparticles are available, and such articles generally lacked the
comprehensive and systematic analysis of previously studied de-
livery systems of ginsenosides. Therefore, in this mini-review,
representative delivery systems for enhancing the bioavailability of
ginsenosides were covered along with providing factors to consider
for improving the bioavailability of ginsenosides such as properties
of ginsenosides and delivery systems.

However, the delivery systems were designed and evaluated
only for a single type of ginsenoside, and therefore, their perfor-
mance might be limited for other ginsenosides exhibiting different
physicochemical properties. In addition, the delivery systems were
studied to enhance the bioavailability of only a few representative
types of ginsenosides, which is also problematic for expanding the
application range of the delivery systems into further diverse types
of ginsenosides.

Furthermore, in general, the delivery systems explored for
enhancing the bioavailability of ginsenosides were confined to
some dosage forms depending on comparatively simple working
mechanisms, and thereby efficient delivery of ginsenosides to
target tissues or lesions was largely limited although they exhibited
enhanced systemic bioavailability of ginsenosides. Recently, some
studies have reported further advanced delivery systems of
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ginsenosides such as targeted and stimuli-responsive systems; the
accumulated data are still insufficient for clinical translation.

Therefore, further studies need to be conducted by pharma-
ceutical scientists to develop better drug delivery systems based on
systematic analysis of different physicochemical properties of gin-
senosides, along with pursuing enhancement of the delivery effi-
ciency of ginsenosides to target tissues. The future delivery systems
will maximize the potential of ginsenosides as a natural medicine,
thereby further contributing to promoting global health.
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