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Abstract

The ammonium glycyrrhizinate-loaded chitosan nanoparticles were prepared by ionic gelation of chitosan with tripolyphos-
phate anions (TPP). The particle size and zeta potential of nanoparticles were determined, respectively, by dynamic light scattering
(DLS) and a zeta potential analyzer. The effects, including chitosan molecular weight, chitosan concentration, ammonium gly-
cyrrhizinate concentration and polyethylene glycol (PEG) on the physicochemical properties of the nanoparticles were studied.
These nanoparticles have ammonium glycyrrhizinate loading efficiency. The encapsulation efficiency decreased with the increase
of ammonium glycyrrhizinate concentration and chitosan concentration. The introduction of PEG can decrease significantly the
positive charge of particle surface. These studies showed that chitosan can complex TPP to form stable cationic nanoparticles
for subsequent ammonium glycyrrhizinate loading.
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. Introduction

Recently, polymer nanoparticles have been widely
nvestigated as a carrier for drug delivery (Gref et al.,
994). Nanoparticles have a special role in targeted
rug delivery in the sense that they have all the ad-
antages of liposomes including the size property. But
nlike liposomes, nanoparticles have a long shelf life
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and can entrap more drugs. Some investigators
also observed that the number of nanoparticles w
cross the intestinal epithelium is greater than tha
the microspheres (>1�m) (Desai et al., 1996). Poly-
mer nanoparticles from biodegradable and biocom
ible polymers are good candidates for drug carrie
deliver drugs, because they are expected to be ads
in an intact form in the gastrointestinal tract after o
administration (Florence et al., 1995).

Chitosan (CS) is the second abundant polysac
ride and a cationic polyelectrolyte present in nat
CS has shown favorable biocompatibility characte
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tics (Knapczyk et al., 1989; Hirano et al., 1989, 1990)
as well as the ability to increase membrane permeabil-
ity, both in vitro (Aspden et al., 1997; Lehr et al., 1992;
Dumitriu and Chornet, 1998) and in vivo (Takeuchi

et al., 1996), and be degraded by lysozyme in serum.
From a biopharmaceutical point of view, CS has the
potential of serving as an absorption enhancer across
intestinal epithelial for its mucoadhesive and perme-
ability enhancing property (Janes et al., 2001). It has
been proved that CS could enhance insulin absorp-
tion across human intestinal epithelial (Caco-2) cells
without injuring them (Artursson et al., 1994; Schip-
per et al., 1996, 1997, 1999; Thanou et al., 2001). CS
has been used in preparing films, beads, intragastric
floating tablets, microspheres, and nanoparticles in the
pharmaceutical filed (Berthold et al., 1996; Felt et al.,
1998; Giunchedi et al., 1998; Calvo et al., 1997a; Il-
lum, 1998; Wu et al., 2003). The research emphasized
the importance of size and revealed the advantages of
nanoparticles over the microspheres (>1�m) (Meclean
et al., 1998). With their easy accessibility in the body,
nanoparticles can be transported via the circulation to
different body sites. The hydrophilic nanoparticles gen-
erally have longer circulation in blood (Allemann et al.,
1993). Such systems could not only control the rate of
drug administration that prolongs the duration of the
therapeutic effect but also deliver the drug to specific
sites.

Glycyrrhetic acid (GLA) is an aglycone and an ac-
tive metabolite of glycyrrhizin (GLZ). It shows vari-
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evaluate their potential as delivery systems. The present
study confirms that chitosan can encapsulate apprecia-
ble quantities of ammonium glycyrrhizinate into sta-
ble nanoparticles. The factors that influence the prepa-
ration of nanoparticles were analyzed and the release
property during incubation in phosphate buffer saline
(PBS) was examined.

2. Materials and methods

2.1. Materials

Chitosan with the deacetylation degree (DD) of 95%
and the molecular weight (Mw) of 360 kDa was pur-
chased from Kabo Biochemical Co. (Shanghai, China).
Chitosans of DD 95% with different Mws (7, 18, 24,
200 kDa) were prepared according to the reference (Qin
et al., 2002). The Mws were measured through the
viscometric method while the DDs were determined
by elemental analysis. Ammonium glycyrrhizinate was
bought from Tianshan Pharmaceutical Limited Com-
pany (China). PEG with Mw 2000 Da was obtained
from Tiantai Chemical Company (Tianjin, China). All
other chemicals were of reagent grade.

2.2. Preparation of chitosan nanoparticles and
ammonium glycyrrhizinate-loaded nanoparticles

Chitosan nanoparticles were prepared according to
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us therapeutic effects such as anti-inflammatory,
umorigenic and anti-hepatotoxic activities (Ichikawa
t al., 1986; Ishida et al., 1989; Higuchi et al., 19
akeda et al., 1996). GLA is effective against chron
epatitis but is also related to the side-effect aldos
ism. Since only GLA appears in the blood circulat
fter oral administration of glycyrrhizin (GLZ), GL

s considered to play an important role in the biolo
al action of oral administration of GLZ (Oketani et al.
985; Ishida et al., 1989). Many pharmacokinetic stu

es on GLA and GLZ have analysed their behaviou
he body, but the oral absorption of GLA (or its s
as extremely ineffective. So far very few studies h

eported on the entrapment of GLA into nanopart
ate carriers to improve the oral absorption.

Therefore, the major goal of the present work i
reate a kind of new biodegradable nanoparticles
he incorporation of ammonium glycyrrhizinate, and
he procedure first reported byCalvo et al. (1997b
ased on the ionic gelation of CS with TPP anio
hitosan was dissolved in acetic aqueous solutio
arious concentrations (1.0, 1.2, 1.44, 1.6, 2.0,
.0 mg/mL). The concentration of acetic acid in aq
us solution was, in all case, 1.5 times that of chito
nder magnetic stirring at room temperature, 4
odium tripolyphosphate TPP aqueous solution
arious concentrations (0.2, 0.4, 0.6, 0.8, 1.0 mg/
as added into 10 mL chitosan solution, respectiv
hree kinds of phenomena were observed: solution
regates and opalescent suspersion. The zone of o
ent suspersion was further examined as nano
les. PEG-modified nanoparticles were formed s
aneously upon incorporation of 4 mL TPP solut
0.6 mg/mL) into 10 mL chitosan solution contain
arious concentrations of PEG (10.0, 20.0, 30.0, 4
0.0 mg/mL).
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For the association of the glycyrrhetic acid with
chitosan nanoparticles, we selected ammonium gly-
cyrrhizinate as a model glycyrrhetic acid. The ammo-
nium glycyrrhizinate was dissolved in heat distilled wa-
ter. Ammonium glycyrrhizinate-loaded nanoparticles
were formed upon incorporation of 4 mL TPP solu-
tion (0.6, 1.0 mg/mL) into 10 mL chitosan solutions
(1.44 mg/mL) containing ammonium glycyrrhizinate
(0.1, 0.2, 0.3, 0.4, 0.5 mg/mL). Ammonium glycyrrhiz-
inate concentration was 0.4 mg/mL for the prepara-
tion of PEG-modified nanoparticles loading ammo-
nium glycyrrhizinate.

2.3. Physicochemical characterization of
nanoparticles

Dynamic light scattering (DLS) (Malvern, Autoszer
4700) was used to measure the hydrodynamic di-
ameter and size distribution (polydispersity index,
PDI =〈µ2〉/Γ 2) (Chu et al., 1991). All DLS measure-
ments were done with a wavelength of 532 nm at 25◦C
with an angle detection of 90◦. The zeta potential of
nanoparticles was measured on a zeta potential ana-
lyzer (Brookhaven, USA). For zeta potential measure-
ments, samples were diluted with 0.1 mM KCl and
measured in the automatic mode. All measurements
were performed in triplicate.

Particle morphology was examined by transmission
electron microscopy (TEM) (Hitachi, H-600). Samples
were immobilized on copper grids. They were dried
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madzu LC-4A, Kyoto, Japan) equipped with a UV de-
tector (Shimadzu SPD-10A) and reversed phase col-
umn (Inertsil ODS-3, 4.6 mm× 250 mm GL.Sciences).
The mobile phase was a mixture of methanol:H2O = 4:1
(adjusted to pH 3.5 by adding 3.6% acetic acid). The
flow rate was 1.0 mL/min at 25◦C, and the wavelength
was set at 254 nm. The ammonium glycyrrhizinate en-
capsulation efficiency (AE) and the ammonium gly-
cyrrhizinate loading capacity (LC) of the nanoparticles
were calculated as follows:

AE =

total ammonium glycyrrhizinate

−free ammonium glycyrrhizinate

total ammonium glycyrrhizinate
× 100

LC =

(total ammoniumcglycyrrhizinate

−free ammoniumcglycyrrhizinate)

nanoparticles weight
× 100

All measurements were performed in triplicate.

2.5. Ammonium glycyrrhizinate releasing from the
nanoparticles in vitro

In vitro Ammonium glycyrrhizinate release pro-
files of chitosan nanoparticles were determined as
follows. The ammonium glycyrrhizinate-loaded chi-
tosan nanoparticles were separated from the aque-
ous suspension medium through ultra-centrifugation.
Ammonium glycyrrhizinate-loaded chitosan nanopar-
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t room temperature, and then were examined us
EM without being stained.

Chitosan nanoparticles separated from suspen
ere dried by a freeze dryer, and their FTIR were ta
ith KBr pellets on Nicolet, Magna-550 spectrum
TIR.

.4. Ammonium glycyrrhizinate encapsulation
fficiency in nanoparticles

The encapsulation efficiency and loading capa
f nanoparticles were determined by the separa
f nanoparticles from the aqueous medium cont

ng non-associated ammonium glycyrrhizinate by
racentrifugation at 35,000 rpm, 16◦C for 30 min. The
mount of free ammonium glycyrrhizinate in the
ernatant was measured by HPLC. Twenty microl
upernatant was injected into a chromatograph (
icles were re-dispersed in 5 mL 0.2 mol/L PBS so
ion (pH7.4) and placed in a dialysis membrane
ith a molecular cut-off of 5 kDa, tied and plac

nto 150 mL of PBS solution. The entire system w
ept at 37◦C with continuous magnetic stirring. At a
ropriate time intervals, 3 mL of the release med
as removed and 3 mL fresh medium PBS solu
as added into the system. The amount of am
ium glycyrrhizinate in the release medium was e
ated by HPLC. All measurements were performe

riplicate.

.6. Stability of the ammonium
lycyrrhizinate-loaded nanoparticles to salt

In brief, 0.1 mL of various nanoparticle susp
ions was diluted with 0.9 mL 0.15 mol/L NaCl. Tw
ifferent molecular weight chitosans (24, 200 kD
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were selected for this series of experiments. Particle
size was measured after being incubated at 37◦C for
40 min.

3. Results and discussion

3.1. Physicochemical characterization of chitosan
nanoparticles

The molecular structures of glycyrrhetic acid,
sodium tripolyphosphate and chitosan, are shown in
Fig. 1.

F
t

Fig. 2. FTIR of chitosan-TPP nanoparticles (A), ammonium
glycyrrhizinate-loaded nanoparticles (B), chitosan (C) and ammo-
nium glycyrrhizinate (D).

Fig. 2 shows FTIR spectra of chitosan, chitosan-
TPP nanoparticles, ammonium glycyrrhizinate-loaded
nanoparticles and ammonium glycyrrhizinate. There
are three characterization peaks of chitosan (Fig. 2C)
at 3424 cm−1 of ν(OH), 1092 cm−1 of ν(C O C) and
1610 cm−1 of ν(NH2). The spectrum of chitosan-TPP
nanoparticles (Fig. 2A) is different from that of chi-
tosan matrix (Fig. 2C). In chitosan-TPP nanoparti-
cles the peak of 3424 cm−1 becomes wider, indicating
that hydrogen bonding is enhanced. In chitosan-TPP
nanoparticles, the 1610 cm−1 peak of –NH2 bending
vibration shifts to 1532 cm−1 and a new sharp peak
1630 cm−1 appears. The FTIR spectrum is consistent
with the result of chitosan film modified by phos-
phate, and it could be attributed to the linkage be-
tween phosphoric and ammonium ion (Knaul et al.,
1999). So we suppose that the tripolyphosphoric groups
of TPP were linked with ammonium groups of chi-
tosan in nanoparticles. Compared with the spectrum
of ammonium glycyrrhizinate (Fig. 2D), in the spec-
trum of ammonium glycyrrhizinate-loaded nanoparti-
cles (Fig. 2B), the absorption peak of 1718 cm−1 (car-
boxyl group absorption peak) disappears and a new
shoulder peak 1453 cm−1 (salt of carboxyl) appears.
ig. 1. Chemical structure of glycyrrhetic acid (A), sodium
ripolyphosphate (B) and chitosan (C).

The results indicate that the presence of the electro-
static interactions between carboxyl groups of ammo-
nium glycyrrhizinate and amino groups of chitosan.

Fig. 3 shows the morphological characteristic of
nanoparticles. Chitosan-TPP nanoparticles (Fig. 3A)
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Fig. 3. TEM of chitosan-TPP nanoparticles (A) and the ammo-
nium glycyrrhizinate loaded chitosan-TPP nanoparticles (B) (chi-
tosan Mw = 200 kDa, 1.44 mg/mL, TPP 0.6 mg/mL, ammonium gly-
cyrrhizinate 0.4 mg/mL).

and ammonium glycyrrhizinate-loaded chitosan-TPP
nanoparticles (Fig. 3B) also take spherical shape. A
similar morphology was also observed for low Mw
chitosan system (data not shown). The size of these

Fig. 4. The particle size (�) and zeta potential (�) measurements of
chitosan-TPP nanoparticles (CS 1.44 mg/mL, TPP 0.6 mg/mL). All
data are the mean± standard deviation (n= 3).

nanoparticles (20–80 nm) is smaller than that deter-
mined by DLS (>120 nm) in water, presumably arising
from the dry state of the TEM measurement.

3.2. Factors influencing the preparation of
chitosan nanoparticles and encapsulation of
ammonium glycyrrhizinate

3.2.1. Effect of chitosan molecular weight on the
colloidal properties of chitosan nanoparticles

Fig. 4 shows the influence of chitosan molecular
weight on the size and zeta potential values of nanopar-
ticles. A gradual increase in the particle size with the
increase in molecular weight was noted, but no signif-
icant change was observed in the zeta potential.

Although this trend may be explained by the fact that
a higher molecular weight chitosan can interact with,
and thus associate ammonium glycyrrhizinate more ef-
ficiently than a lower molecular weight chitosan. The
factor is out-weighted by the fact that higher molecu-
lar weight chitosan is less soluble, and as a result, an
increase in particle diameter or even aggregation may
be obtained.

3.2.2. Effect of ammonium glycyrrhizinate
concentration on the physicochemical properties
of chitosan/TPP nanoparticles

Fig. 5A demonstrated that the particle sizes of am-
monium glycyrrhizinate-loaded nanoparticles signifi-
cantly increased as the concentration of ammonium
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Fig. 5. The particle size (A) and zeta potential (B) of ammo-
nium glycyrrhizinate-loaded nanoparticles as a function of the fi-
nal ammonium glycyrrhizinate concentration added to chitosan
nanoparticles. High Mw chitosan (Mw = 200 kDa) (�) and low Mw
chitosan (Mw = 24 kDa) (�) nanoparticles (CS 1.44 mg/mL, TPP
0.6 mg/mL). All data are the mean± standard forn= 3 replicates.

glycyrrhizinate increased from 0.1 to 0.5 mg/mL. As
expected, the zeta potentials decreased slightly when
ammonium glycyrrhizinate concentration increased
(Fig. 5B).

In general, the size of the nanoparticles increased
when ammonium glycyrrhizinate was loaded on the
surface. However, unlike the nanoparticles made with
higher molecular weight chitosan (200 kDa), the par-
ticle size did not significantly increase as ammonium
glycyrrhizinate of greater concentration was added to
low Mw chitosan solution (Mw = 24 kDa). Although

Fig. 6. Ammonium glycyrrhizinate encapsulation efficiency (A) and
ammonium glycyrrhizinate loading capacity (B) of high Mw chi-
tosan (Mw = 200 kDa) (�) and low Mw chitosan (Mw=24 kDa) (�)
nanoparticles (chitosan 1.44 mg/mL, TPP 0.6 mg/mL). Data shown
are the mean± standard deviation (n= 3).

the reason for this is not clear, it is considered that the
increased solubility of the low Mw chitosan may aid
in the colloidal stability of nanoparticles in solution
(Fernandez-Urrusuno et al., 1999).

As shown inFig. 6A and B, encapsulation efficiency
and loading capacity of the nanoparticles were affected
by the initial ammonium glycyrrhizinate concentration
in the CS solution and the amount of ammonium gly-
cyrrhizinate incorporated. The increase of ammonium
glycyrrhizinate concentration led to a decrease of en-
capsulation efficiency and an enhancement of loading
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capacity. The mechanism of ammonium glycyrrhiz-
inate association to chitosan nanoparticles was medi-
ated by an ionic interaction between both chitosan and
ammonium glycyrrhizinate. The electrostatic interac-
tions between the carboxyl groups of ammonium gly-
cyrrhizinate and the amino groups of chitosan played
a role in association of ammonium glycyrrhizinate to
the chitosan nanoparticles.

Fig. 6A and B also shows that the encapsulation
and loading capacity of high Mws chitosan (200 kDa)
is greater than that of low Mws chitosan (24 kDa).
This is possibly attributed to their longer chains of
high Mws chitosan, which can entrap greater amount
of ammonium glycyrrhizinate when gelated with
TPP.

3.2.3. Effect of chitosan concentration on
encapsulation efficiency

When TPP concentration was 1 mg/mL, too high
chitosan concentration (4 mg/mL) made encapsulation
extremely difficult, and too low chitosan concentra-
tion (0.5 mg/mL) made some aggregates with large di-
ameter form. The formation of nanoparticles is only
possible within some moderate concentrations of chi-
tosan and TPP. As for gelation between TPP solution
of 1 mg/mL and chitosan solution of 1–3 mg/mL, we
usually observed that some opalescent suspension was
formed, which was further examined as nanoparticles.
Fig. 7shows that increase in chitosan concentration led
to decrease of encapsulation efficiency of ammonium
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Fig. 7. The influence of chitosan concentration on ammonium gly-
cyrrhizinate encapsulation efficiency (TPP 1 mg/mL, ammonium
glycyrrhizinate 0.4 mg/mL). Data are the mean± standard forn= 3
replicates.

Fig. 8 shows the morphological characteristic of
PEG-modified nanoparticles. Compared with pure chi-
tosan nanoparticles, the nanoparticle modified by PEG
is of irregular shape.

Fig. 8. TEM of chitosan/PEG nanoparticles (chitosan Mw=200 kDa,
1.44 mg/mL, TPP 0.6 mg/mL, ammonium glycyrrhizinate 0.4 g/mL,
PEG30 mg/mL).
lycyrrhizinate. It has been previously reported
he highly viscous nature of the gelation medium h
ers the encapsulation of drug in the study of chito
icrospheres (Vandenberg et al., 2001). So it was sup
osed that relatively lower viscosity of chitosan w

ower concentration (such as 1–3 mg/mL) promotes
ncapsulation of ammonium glycyrrhizinate and g

ion between chitosan and TPP.

.2.4. Effect of PEG modification
Polyethylene glycol (PEG) coated nanopartic

ave been found to be potential in the therapeutic
lication for controlled release of drugs and drug

ivery to specific sites (Quellec et al., 1998). Few stud
es have attempted to investigate chitosan nanopar
oated with PEG. The PEG coated nanoparticles
onceived with the intention of making these nano
icles more stable in physiological fluids.
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Table 1
Physicochemical properties of PEG modified chitosan nanoparticles
loaded with ammonium glycyrrhizinatea

PEG
(mg/mL)

Particle
size (nm)

Polydispersity
index (〈µ2〉/Γ 2)

Zeta potential
(mV)

0 182 0.17 37.8± 1.4
10.0 192 0.20 30.2± 1.1
20.0 204 0.23 23.8± 1.3
30.0 221 0.21 19.2± 1.2
40.0 252 0.24 17.4± 1.1
50.0 266 0.22 13.9± 0.8

a Low Mw chitosan (Mw = 24 kDa) 1.44 mg/mL, TPP 0.6 mg/mL,
initial ammonium glycyrrhizinate 0.4 mg/mL.

Table 1shows the size and zeta potential values of
the PEG-modified nanoparticles. The increased size
and reduced zeta potential of these nanoparticles is
a good indication of the incorporation of PEG in the
nanoparticle structure. It has been previously reported
that the incorporation of PEG in the gel system is
through intermolecular hydrogen bonding between the
electro-positive amino hydrogen of CS and electro-
negative oxygen atom of PEG, thus forming a CS/PEG
semi-interpenetrating network (Kim and Lee, 1995).
The interaction between the oxygen atom of PEG and
amino groups of chitosan is weak, and it still has effect
on the nanoparticles formation. The nanoparticle struc-
ture modified by PEG is looser, thus the size is larger
than that of pure chitosan nanoparticles.

Consequently, it is not surprising that the increase in
the concentration of PEG leads to an increase of the size
and a decrease of the positive charge of the nanoparti-
cles. Quellec also reported that the introduction of PEG
can decrease significantly the positive surface charge
of the particles, and noticeably improve their biocom-
patibility (Quellec et al., 1998).

Fig. 9shows that when PEG concentration increased
from 10 to 50 mg/mL, encapsulation efficiency of am-
monium glycyrrhizinate decreased from 63 to 35%.
PEG was added to chitosan solution prior to gelation.
Without TPP incorporation, PEG cannot gelate with
chitosan, but the amine groups of chitosan can be occu-
pied by the oxygen atom of PEG, which may compete
in their interaction with the amine groups of chitosan.
T the
a ced.
T cule
h ting
i

Fig. 9. The influence of PEG modification on ammonium glycyrrhiz-
inate encapsulation efficiency (low Mw chitosan (Mw = 24 kDa)
1.44 mg/mL, TPP 0.6 mg/mL, initial ammonium glycyrrhizinate
0.4 mg/mL). Data shown are the mean± standard deviation (n= 3).

3.2.5. Effect of ionic strength on the stability of
chitosan nanoparticles

Since chitosan is a cationic polyelectrolyte, the ef-
fect of ionic strength of the medium on nanoparticles
is important. As shown inTable 2, when nanoparti-
cles are formed in distilled water, the mean diame-
ter is 182 nm. The mean diameter increases with the
increase of sodium chloride concentration. When the
ionic strength was higher than 1 mol/L NaCl, some ag-
gregations would form and the particle size distribution
becomes wide.

As shown inFig. 10, nanoparticles made from high
Mw chitosan (200 kDa) were stable to 0.15 mol/L NaCl
(physiological saline). However, nanoparticles made
from low Mw chitosan (24 kDa) were not stable to

Table 2
Effect of ionic strength on the stability of chitosan nanoparticlesa

NaCl (mmol/L) Paticle size (nm) Polydispersity
index (〈µ2〉/Γ 2)

0 182 0.17
1 184 0.18
10 228 0.19
50 389 0.27
150 506 0.45
1000 810 1.0

a Low Mw chitosan (Mw = 24 kDa) 1.44 mg/mL, TPP 0.6 mg/mL,
initial ammonium glycyrrhizinate 0.4 mg/mL.
hus, the possibilities of ion interaction between
mmonium glycyrrhizinate and chitosan are redu
he entanglement of PEG chain with chitosan mole
inders ammonium glycyrrhizinate from encapsula

nto the nanoparticles.
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Fig. 10. The stability of the ammonium glycyrrhizinate-loaded
nanoparticles to 0.15 mol/L NaCl. Ammonium glycyrrhizinate
(0.4 mg/mL) loaded on low Mw chitosan (Mw = 24 kDa) (�)
and high Mw chitosan (Mw = 200 kDa) (�) nanoparticles (CS
1.44 mg/mL, TPP 0.6 mg/mL). All data are the mean± standard for
n= 3 replicates.

0.15 mol/L NaCl. The facts may suggest that the low
molecular weight chitosan (Mw = 24 kDa), which is
relative weakly associated with the ammonium gly-
cyrrhizinate, competes with salt ions for its small
size. As the molecular weight of chitosan increases,
it will associate with ammonium glycyrrhizinate more
strongly, which is consistent with the salt effect. Thus,
if an excess of positive charge is present in the nanopar-
ticle, it is more difficult to replace the chitosan by the
salt ions at a low concentration for its large size.

3.3. In vitro release of ammonium glycyrrhizinate
from the nanoparticles

Fig. 11displayed the release profile of ammonium
glycyrrhizinate from chitosan nanoparticles. It was ap-
parent that ammonium glycyrrhizinate release in vitro
showed a very rapid initial burst, and then followed by
a very slow drug release.Zhou et al. (2001)reported
about microspheres and revealed that the release in-
volves two different mechanisms of drug molecules
diffusion and polymer matrix degradation. The burst
release of drug is associated with those drug molecules
dispersing close to the microsphere surface, which
easily diffuse in the initial incubation time. The hy-
pothesis is also suitable for ammonium glycyrrhiz-

Fig. 11. Ammonium glycyrrhizinate release profile from ammo-
nium glycyrrhizinate-loaded chitosan nanoparticles (low Mw chi-
tosan (Mw = 24 kDa) 1.44 mg/mL, TPP 0.6 mg/mL, initial ammo-
nium glycyrrhizinate 0.4 mg/mL).

inate release from nanoparticles. Since the size of
ammonium glycyrrhizinate molecule is much smaller
than that of nanoparticles, ammonium glycyrrhizinate
molecules diffuse easily through the surface or the pore
of nanoparticles in a short time. Therefore, the rapid
dissolution process suggests that the release medium
penetrates into the particles due to the hydrophilic na-
ture of chitosan, and dissolves the entrapped ammo-
nium glycyrrhizinate. In addition, the nanoparticles
with huge specific surface area can adsorb ammonium
glycyrrhizinate, so the first burst release is also possibly
due to the part of ammonium glycyrrhizinate desorbed
from nanoparticle surface.

4. Conclusion

Chitosan nanoparticles had shown an excellent ca-
pacity for the association of ammonium glycyrrhiz-
inate. Ammonium glycyrrhizinate can be loaded on
these pre-formed nanoparticles with a final ammonium
glycyrrhizinate concentration of up to 0.5 mg/mL.
Adding PEG decreases the encapsulation and reduces
the positive charge. The release profile of ammonium
glycyrrhizinate from nanopaticles has an obvious burst
effect and a slowly continuous release phase followed.



244 Y. Wu et al. / International Journal of Pharmaceutics 295 (2005) 235–245

The nanoparticles may improve the oral absorption of
ammonium glycyrrhizinate.
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J.L., Alonso, M.J., 1999. Enhancement of nasal absorptio
insulin using chitosan nanoparticles. Pharm. Res. 16, 1576–

lorence, A.T., Hillery, A.M., Hussain, N., Jani, P.U., 1995. Nano
ticles as carriers for oral peptide absorption: studies on pa
uptake and fate. J. Control. Release 36, 39–46.

iunchedi, P., Genta, I., Conti, B., Muzzarelli, R.A.A., Con
U., 1998. Preparation and characterization of ampicillin loa
methylpyrrolidinone and chitosan microspheres. Biomate
19, 157–161.
chanical properties of chitosan fibers. J. Appl. Polym. Sci
1721–1731.

ehr, C.M., Bouwstra, J.A., Schacht, E., Junginger, H.E., 199
vitro evaluation of mucoadhesive properties of chitosan and
other natural polymers. Int. J. Pharm. 78, 43–48.

eclean, S., Processer, E., O’Malley, D., Clark, N., Ramtoola
Brayden, D., 1998. Binding and uptake of biodegradable p
d,l-lactide micro and nanoparticles in intestinal epithelia. Eu
Pharm. Sci. 6, 153–163.

ketani, Y., Takehara, I., Mikuni, H., Shiraishi, T., Wakamatsu
Watanabe, H., Tanaka, T., 1985. Pharmacokinetics at ora
ministration of glycyrrhizic acid dosage form in normal huma
plasma concentration-time profiles of glycyrrhizic acid and
cyrrhetinic acid. Clin. Rep. 19, 197–206.

in, C.Q., Xiao, L., Du, Y.M., 2002. Antitumer activity of chitos
hydrogen selenties. Chin. Chem. Lett. 13, 213–214.

uellec, P., Gref, R., Perrin, L., Dellacherie, E., Sommer, F.,
bavatz, J.M., Aloson, M.J., 1998. Protein encapsulation w
polyethylene glycol-coated nanospheres. I. Physicoche
characterization. J. Biomed. Mater. Res. 42, 45–54.

chipper, N.G.M., Varum, K.M., Artursson, P., 1996. Chitosa
absorption enhancers for poorly absorbable drugs 1: influ



Y. Wu et al. / International Journal of Pharmaceutics 295 (2005) 235–245 245

of molecular weight and degree of acetylation on drug transport
across human intestinal epithelial (Caco-2) cells. Pharm. Res. 13,
1686–1692.

Schipper, N.G.M., Olsson, S., Hoogstraate, J.A., Boer, A.G., Varum,
K.M., Artursson, P., 1997. Chitosan as absorption enhancers for
poorly absorbable drugs 2: mechanism of absorption enhance-
ment. Pharm. Res. 14, 923–930.

Schipper, N.G.M., Varum, K.M., Stenberg, P., Ockind, G., Henner-
nais, H., Artursson, P., 1999. Chitosan as absorption enhancers
for poorly absorbable drugs 3: influence of mucus on absorption
enhancement. Eur. J. Pharm. Sci. 8 (4), 335–343.

Takeda, S., Ishihara, K., Wakui, Y., Amagaya, S., Maruno, M.,
Akao, T., Kobashi, K., 1996. Bioavailability study of glycyrrhetic
acid after oral administration of glycyrrhizin in rats; relevance
to the intestinal bacterial hydrolysis. J. Pharm. Pharmacol. 48,
902–905.

Takeuchi, H., Yamamoto, H., Niwa, T., Hino, T., Kawashima, Y.,
1996. Enteral absorption of insulin in rats from mucoadhesive
chitosan-coated liposomes. Pharm. Res. 13, 896–901.

Thanou, M., Verhoef, J.C., Junginger, H.E., 2001. Chitosan and its
derivatives as intestinal absorption enhancers. Adv. Drug Deliv.
Rev. 50, 91–S101.

Vandenberg, G.W., Drolet, C., Scott, S.L., Noüe, J.D., 2001. Factors
affecting protein release from alginate-chitosan coacervate mi-
crocapsules during production and gastric/intestinal simulation.
J. Control. Release 77, 297–307.

Wu, Y., Wu, Q., Wang, Y.N., Ma, J.B., 2003. Tautomerization
of quercetin induced by chitosan. Acta Chim. Sin. 61, 614–
618.

Zhou, S.B., Deng, X.M., Li, X.H., 2001. Investigation on a novel
core-coated microspheres protein delivery system. J. Control.
Release 75, 27–36.


	Chitosan nanoparticles as a novel delivery system for ammonium glycyrrhizinate
	Introduction
	Materials and methods
	Materials
	Preparation of chitosan nanoparticles and ammonium glycyrrhizinate-loaded nanoparticles
	Physicochemical characterization of nanoparticles
	Ammonium glycyrrhizinate encapsulation efficiency in nanoparticles
	Ammonium glycyrrhizinate releasing from the nanoparticles in vitro
	Stability of the ammonium glycyrrhizinate-loaded nanoparticles to salt

	Results and discussion
	Physicochemical characterization of chitosan nanoparticles
	Factors influencing the preparation of chitosan nanoparticles and encapsulation of ammonium glycyrrhizinate
	Effect of chitosan molecular weight on the colloidal properties of chitosan nanoparticles
	Effect of ammonium glycyrrhizinate concentration on the physicochemical properties of chitosan/TPP nanoparticles
	Effect of chitosan concentration on encapsulation efficiency
	Effect of PEG modification
	Effect of ionic strength on the stability of chitosan nanoparticles

	In vitro release of ammonium glycyrrhizinate from the nanoparticles

	Conclusion
	Acknowledgements
	References


