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a  b  s  t  r  a  c  t

In  this  study,  a novel  green  microencapsulation  system  was  used  to  develop  Phyllanthus  urinaria  (PU)
extract  containing  microcapsules.  Agar  was  used  with  gelatin  as  the  wall  matrix  materials  of  microcap-
sules  to  prevent  the  use  of  toxic  crosslinker  formaldehyde.  Microencapsulated  PU  extract  was  developed
to improve  the  potential  antifungal  activities  of  PU  water  extracts.  The active  components  and  surface
morphology  of  PU extract  containing  microcapsules  were  analyzed  by  liquid  chromatography/mass  spec-
trometry and  scanning  electron  microscopy,  respectively.  The  in  vitro  release  study  demonstrated  that
eywords:
gar
spergillus niger
elatin

approximately  80%  of  drug  was  released  after  120  h.  PU  loaded  microcapsules  were  shown  to have  a
stronger  anti-Aspergillus  niger  activity  than  the  free  drug.

© 2012 Elsevier Ltd. All rights reserved.
icrocapsules
hyllanthus urinaria

. Introduction

Administration of herbal medicine through microparticulate
rug delivery system possesses high potential for various applica-
ions in therapeutic and pharmaceutical fields (Ajazuddin, 2010).

icroencapsulation is a micro-packaging technique used for micro-
apsule production by surrounding small particles of solids,
roplets of liquids or dispersions of solids in liquids within poly-
er  coatings to give small capsules useful for various applications

Lam, Gambari, et al., 2012; Lam, Lee, Kok, et al., 2012; Lam, Lee,
ong, et al., 2012; Lam, Yuen, et al., 2012). Gelatin, as a biodegrad-

ble polymer, is required a crosslinker formaldehyde to improve
he general properties of microcapsules (Cheng et al., 2009; Huang,

heng, Yu, Tsai, & Cham, 2007). However, formaldehyde can cause
espiratory stimulations (Kulle, 1993) and allergic contact der-
atitis (O’Quinn & Barrett Kennedy, 1965). Therefore, agar was

∗ Corresponding author. Tel.: +39 532 974443.
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144-8617/$ – see front matter ©  2012 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.carbpol.2012.09.080
integrated with gelatin as wall matrix materials in microcapsule
production to avoid these problems. Agar is a natural polysaccha-
ride obtained from seaweed. Agar molecules form double helices,
which subsequently crosslink with gelatin molecules to give a gel
network at <30 ◦C.

Medicinal herbs are useful to treat human ailments for sev-
eral centuries. Phyllanthus urinaria (PU) is the herbal species of
the genus Phyllanthus (Euphorbiaceae). PU can neutralize the
acetaminophen induced hepatotoxicity (Hau et al., 2009), promote
the anti-oxidant and anti-inflammatory activities (Fang, Rao, &
Tzeng, 2008). Phyllanthus plants have growth inhibition toward
various microorganisms (Dabur et al., 2007). Few literatures stud-
ied the potential antifungal activities of PU water extracts. In
this study, we attempt to integrate PU extract into agar–gelatin
based microparticulate system (Lam, Lee, Kok, et al., 2012). The
anti-Aspergillus niger (A. niger) activities of microencapsulated PU
extract was  investigated.

2. Experimental
2.1. Materials

Agar and gelatin were obtained from Sigma–Aldrich, Germany.
PU extract was  provided by Bioactive Technologies Ltd., HK.

dx.doi.org/10.1016/j.carbpol.2012.09.080
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:gam@unife.it
mailto:kaholee@cuhk.edu.hk
mailto:chchui@graduate.hku.hk
dx.doi.org/10.1016/j.carbpol.2012.09.080
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to test tubes. Various concentrations of PU extract and PU extract
loaded microcapsules were added from a starting concentration of
1000 �g/mL and then diluted serially. Terbinafine was used as the
78 P.-L. Lam et al. / Carbohydr

reparation method and characterizations of PU extract have been
eported previously (Hau et al., 2009). Pure olive oil was purchased
rom Easy Creation Asia Limited, HK. All the other chemical reagents
ere supplied from Sigma, Germany.

.2. Preparation of microcapsules

Agar and gelatin were dissolved in deionized water and well
ixed together at of 50–70 ◦C. PU extract was poured into the

gar–gelatin mixture and continuously mixed for 5 min. Pure
live oil with 1% (v/v) Span 80 as a surfactant was added to the
gar–gelatin–drug mixture followed by continuous stirring to form
he water in oil emulsion. The emulsion was then subject to a
omogenizer (BioSpec Products, USA) to form the homogeneous
mulsion. The emulsion was allowed to cool down until <25 ◦C and
ontinuously stirred for 3 h. The precipitates were subsequently
ashed by acetone, followed by deionized water. The resulting
icrocapsules were suction-filtered and stored in the desiccator

Lam, Lee, Kok, et al., 2012).

.3. Drug loading efficiency

Fifty milligrams of PU extract loaded microcapsules were dis-
olved in 50 mL  deionized water by heat. The completely dissolved
icrocapsules in water were then centrifuged. The supernatant
as heated at 70 ◦C to remove the water so as to determine PU

xtract content in microcapsules. The drug loading was determined
y weight after cooling.

.4. Particle size

Ten milligrams of PU extract loaded microcapsules were
ispersed in 1 mL  of 1 mM KCl solution. The particle size of micro-
apsules was determined using a particle size analyzer (MALVERN,
ETASIZER 3000 HAS, United Kingdom).

.5. Identification of PU extract in microcapsules

To identify major components from PU extract in microcapsules,
iquid chromatography/mass spectrometry (LC–MS) analysis was
erformed with Agilent 1200 G1956B LC/MSD with ES-API source.
U extract (5 mg/mL) and the extract from microcapsules contain-
ng PU extract (5 mg/mL) were diluted to 100× and then filtered

ith a 0.22 �m nylon microfilter (Millipore). The solvent system
onsisted of 10 mM ammonium acetate in deionized water, pH 3.6
solvent A) and acetonitrile (solvent B). The gradient profile was as
ollows: sample analysis (0–10 min, 20–50% B; 10–25 min, 50–95%
; 25–45 min, 95–95% B; 45–60 min, 95–20% B; and column wash
nd equilibration (70–80 min, 65–65% A). The chromatograms were
xtracted as total ion current (TIC) chromatograms. The flow rate
as adjusted to 0.7 mL/min, and 20 �L aliquot of reconstituted sam-
le was injected onto a 150 mm × 2.1 mm i.d., 5 �m,  Agilent Zorbax
clipse XBD C18 column at 40 ± 0.8 ◦C.

.6. SEM

Microcapsules were attached to SEM stubs using a twisted adhe-
ive tape and gold coated prior to SEM observation. The morphology
f microcapsules was evaluated using a scanning electron micro-
cope (JEOL JSM-6490, USA).

.7. In vitro release study
Microcapsules were suspended in 100 mL  phosphate medium
pH 7.4) and incubated at 100 rpm for 120 h at room temperature.
liquots were taken at desired time intervals and centrifuged. Fresh
lymers 92 (2013) 877– 880

medium was added to maintain the total volume of the system. The
supernatant was  heated at 70 ◦C to evaporate the medium in order
to determine the released PU extract content. The drug was  then
weighted after cooling.

2.8. Minimum inhibitory concentrations (MICs)

A. niger was  adjusted to a concentration of 1 × 103 cells/mL.
The MICs of PU extract and PU extract loaded microcapsules were
determined by Potato Dextrose Broth (PDB) dilution method. The
diluted A. niger at a concentration of 1 × 103 cells/mL was  added
Fig. 1. LC–MS analysis of microencapsulated PU: (a) MS  spectrum of microencap-
sulated PU extract; (b) MS  spectrum of control PU extract detected by ES-API; (c)
relative peak area % of microencapsulated PU extract; and (d) relative peak area %
of  control PU extract.
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The SEM image (Fig. 2) demonstrates that PU extract loaded
Fig. 2. SEM image of PU extract containing microcapsules.

ositive control while blank microcapsules (without drugs) were
sed as a negative control. They were then incubated at 25 ◦C for
8 h.

.9. Antifungal study

A. niger at a concentration of 1 × 103 cells/mL was placed on agar
lates. Cotton fabric was cut in circular shape with 1 cm in diameter.
otton stripes, loaded with PU extract or PU extract microcapsules,
ere placed on the agar surface. Terbinafine was used as a positive

ontrol. The plates were incubated in an incubator at 25 ◦C for 7
ays.

. Results and discussion
.1. Drug loading efficiency and particle size

The mean drug loading efficiency and drug loading of PU extract
oaded microcapsules were 69.08% and 15.86 ± 1.25 mg  of PU

Fig. 4. Growth inhibition of PU extract containing microcapsules t
Fig. 3. Controlled release of PU extract loaded microcapsules.

extract per gram of microcapsules, respectively. The mean particle
size was 19.11 ± 2.58 �m.

3.2. Identification of PU extract in microcapsules

The LC–MS analysis showed a tight alignment of common peaks
between microencapsulated PU extract and control PU extract, a
retention time window of 2–30 min  in two TIC (total ion current)
chromatograms (Fig. 1a and b) was  almost identical. The microen-
capsulated PU extract was  well characterized to be the same as
the control PU extract according to their typical relative area
percentages (Fig. 1c and d). LC–MS study revealed the existence
of PU extract in microcapsules.

3.3. SEM
microcapsules were approximately spherical in shape with certain
level of lumping. The particle sizes of microcapsules ranged from
11.82 to 24.54 �m.

oward A. niger: (a) after incubation for 4 days and (b) 7 days.
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Table 1
MICs of PU extract containing microcapsules and PU extract.

MIC  (�g/mL)

Positive control PU extract PU extract
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(terbinafine) microcapsules

A. niger 1.25 600 >1000

.4. In vitro release study

In the release study, the percentage of drug release was inves-
igated for 120 h (Fig. 3). After the first 6 h, there was  a burst
elease of PU extract from microcapsules, with approximately 30%
f drug release. Afterwards, another 10% of drug was  released dur-
ng the fast release period (up to 12–24 h). The slow release of drug
ould be observed during 24–96 h, with about 75% of drug release
fter 96 h. After 120 h, PU extract release reached a plateau at
round 80%.

.5. MICs and antifungal study

Table 1 shows that PU extract loaded microcapsules possessed
 stronger anti-A. niger activity (MIC = 600 �g/mL) compared to PU
xtract (MIC > 1000 �g/mL). The same amount of blank microcap-
ules did not show any anti-A. niger effect. Fig. 4 demonstrates a
ose dependent trend in anti-A. niger activity. Microcapsules con-
aining 600 �g and 400 �g PU extract exhibited a stronger anti-A.
iger activity than the free drug. This might be associated with
he gradual release of PU extract which continuously inhibited the
rowth of A. niger. It was supposed that the released drug could dif-
use in the soft agar and therefore promote the inhibitory effect to
eighbor sites. However, free PU extract might only reduce the fun-
al growth at the beginning. No any observable growth inhibition
f 200 �g PU extract loaded microcapsules could be found.

. Conclusions
Here we report the development and characterization of agar–
elatin based microcapsules containing PU extract. A safe and eco-
omic approach using agar and gelatin as the wall matrix materials
lymers 92 (2013) 877– 880

of microcapsules was proposed, which could be an alternative
method for microcapsule formation eliminating toxic crosslinker
formaldehyde. It was concluded that the microencapsulated PU
extract possessed a stronger anti-A. niger activity than the free drug.
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