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a b s t r a c t

Oleoyl-carboxymethyl chitosan (OCMCS) was synthesized by reacting carboxymethyl chitosan (CMCS)
with oleoyl chloride. The FT-IR spectra suggested the formation of an amide linkage between amino
groups of CMCS and oleoyl chloride. The solubility property of OCMCS was similar with CMCS. The CS
was insoluble while the OCMCS and CMCS could be soluble at neutral pH. The improvement of solubility
made CS have a wide range of uses in the biotechnology and pharmaceutical fields. All the CS, CMCS, and
eywords:
leoyl-carboxymethyl chitosan
olubility
iocompatibility
elf-aggregation nanoparticles
ifampicin

OCMCS had good biocompatibility based on the results of the erythrocyte toxicity assay. Formation of
self-aggregation was observed by use of pyrene as a fluorescent probe in the OCMCS aqueous solution.
Nanoparticles were prepared using an o/w emulsification method. The OCMCS nanoparticles were more
regular and compact than OCS nanoparticles we prepared previously. Mean diameter of the OCMCS
nanoparticles was 161.8 nm. Rifampicin, as a model drug, was investigated for the release properties of
OCMCS nanoparticles in vitro. The addition of crosslinker sodium tripolyphosphate (STPP) could slower
the release of rifampicin. The rifampicin release rate was sensitive to the pH of the release media.
. Introduction

Amphiphilic copolymers consisting of hydrophilic and
ydrophobic segments can form micelles structures with the
ydrophobic inner core and the hydrophilic outer shell in aqueous
edia. These polymeric nanoparticles exhibit unique character-

stics, depending on hydrophobic/hydrophilic constituents, such
s unusual rheological features, a nanoscale hydrodynamic radius
ith core–shell structure, and thermodynamic stability (Kakizawa,
arada, & Kataoka, 2001). The aggregation of amphiphilic poly-
ers is of growing interest with respect to biological importance

nd pharmaceutical or biotechnological applications (Kim et al.,
006). The polymeric micelles have the ability to take water

nsoluble drugs or low molecular weight organic compounds and
isperse them in the aqueous solution (Koziara, Whisman, Tseng,
Mumper, 2006). Longer hydrophilic chains and bigger hydropho-

ic groups help stabilize the micelle structure and protect drug
ompounds from the environment.
Chitosan, �-(1–4)-2-amino-2-deoxy-�-d-glucan, is a deacety-
ated form of chitin, an abundant natural polysaccharide present
n crustacean shells. Its unique characteristics such as positive
harge, biodegradability, biocompatibility, nontoxicity, and rigid
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E-mail address: liyanyan203@hotmail.com (Y. Li).
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linear molecular structure make this macromolecule ideal as a
drug carrier and delivery material (Gupta & Jabrail, 2006; Li,
Liu, & Yao, 2002). Chitosan molecules have no amphiphilic prop-
erty and cannot form micelles in water. Thus, there had many
reports on hydrophobic modifications of chitosan, such as palmi-
toyl glycol chitosan (Martin et al., 2002), deoxycholic acid-modified
chitosan (Kim, Gihm, & Park, 2001), linoleic acid-modified chitosan
(Chen, Lee, & Park, 2003), linolenic acid-modified chitosan (Liu,
Desai, Chen, & Park, 2005), N-alkyl-O-sulphate chitosan (Zhang,
Ping, Zhang, & Shen, 2003), chitosan–polylactide graft copolymer
(Wu et al., 2005), etc. Recently, water-soluble chitosan deriva-
tives had been used to increase their stability in biological solution
and decrease the cytotoxicity induced by acidic solution (Garcia-
Fuentes, Prego, Torres, & Alonso, 2005; Park et al., 2006; Xu
& Du, 2003). CMCS is emerging as a novel carrier of drugs
because of its solubility in water and biocompatibility. But there
had only few reports on using CMCS to prepare nanoparticles
(Liu et al., 2007).

In our previous work, our research group had prepared linoleic
acid-modified chitosan nanomicelles and oleoylchitosan nanopar-
ticles (Li et al., 2007). But most of these products were insoluble

in biological solution. Thus, it was expected that the introduction
of hydrophilic group to chitosan would improve soluble behav-
ior in the aqueous solution. Herein, we introduce both hydrophilic
group carboxymethyl and hydrophobic oleoyl to chitosan to get a
water-soluble amphiphilic polymer.

dx.doi.org/10.1016/j.carbpol.2010.07.030
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
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In this paper, OCMCS was synthesized by reacting CMCS with
leoyl chloride. The chemical structures of these polymers were
haracterized by FT-IR. The effects of structure of the OCMCS
mphiphilic derivatives on solubility and the formation of nanopar-
icle were carried out. OCMCS nanoparticles were prepared by
n o/w emulsification method. Hydrophobic drug rifampicin was
elected as model drug. The drug release profile from the OCMCS
anoparticles was investigated by changing the pH of release
edia, as well as concentration of crosslinker STPP to evaluate the

otential of the loaded nanoparticles as delivery system.

. Experiment

.1. Materials

Chitosan, degree of deacetylation 82%, molecular weight 38 kDa,
as made from crab shell and obtained from Biotech Co. (Mokpo,
orea). Pyrene, oleoyl chloride, pyridine, chloroform, methy-

ene chloride, monochloroacetic acid were purchased from Sigma
hemicals. Rifampicin was kindly donated by the Jiangbei Pharma-
eutical Factory (Zhejing, China).

.2. Synthesis of OCMCS

The OCMCS was synthesized via two reaction steps: (1) the
reparation of CMCS and (2) conjugation of oleoyl and CMCS.

CMCS was prepared by the method of Liu, Guan, Yang, Li, and Yao
2001). CS (1 g), sodium hydroxide (1.2 g), isopropanol (4 ml) and
ater (5 ml) were added into a flask (50 ml) to swell and alkalize at
given temperature for 1 h. The monochloroacetic acid (1.0 g) was
issolved in isopropanol (2 ml), and added into the reaction mixture
ropwise for 30 min and reacted for 3 h at the same temperature,
hen stopped by adding 70% ethyl alcohol. The solid was filtered
nd rinsed in 70–90% ethyl alcohol to desalt and dewater.

OCMCS was synthesized by reacting CMCS with oleoyl chloride
sing the method we used to prepare OCS previously. CMCS (1.0 g)
as soaked in a mixture of pyridine (30 ml) and chloroform (15 ml)

or one day. The oleoyl chloride dissolved in chloroform (5 ml) was
dded dropwise for 1 h. The mixture was then stirred for 2 h at room
emperature and further refluxed for 8 h. The product was poured
nto methanol (100 ml), and the precipitated product was filtered

ith filter paper, extracted in a soxhlet extractor with methanol
or 8 h, and dried in vacuum (Zong, Kimura, Takahashi, & Yamane,
000).

.3. FT-IR spectroscopy

The IR spectra of CS, CMCS, and OCMCS were recorded on an FT-
R-430 Fourier Transform Infrared Spectrometer (Jasco Co., Tokyo,
apan) at room temperature based on the method of Shigemasa,

atsuura, Sashiwa, and Saimoto (1996). A pellet was formed from
mg samples and 100 mg of KBr.

.4. Solubility test of OCMCS

Solubility of the OCMCS was evaluated from the turbidity
Kubota, Tatsumoto, Sano, & Toya, 2000). The pH dependence of the
ater solubility of CS, CMCS, and OCMCS was estimated from mea-
urement of transmittance of the solution. Briefly, sample (10 mg)
as dissolved in 2% (v/v) HCl solution (5 ml), the pH of the solution
as adjusted by the addition of 10% NaOH solution and the trans-
ittance of the solution at 600 nm as a function of pH value was

ecorded.
ers 83 (2011) 130–136 131

2.5. Erythrocyte toxicity assay

The hemolytic activities assay of OCMCS was conducted as
described by Lee, Powers, and Baney (2004). Whole blood was
obtained from two healthy male adults (22–30). 8 ml human blood
was diluted with 10 ml normal saline. CS solution (0.2%) was pre-
pared in the normal saline–acetic acid solution (Jumaa, Furkert, &
Muller, 2002). CMCS and OCMCS solution (0.2%) was prepared in
the normal saline. 10 ml such solution was added to the empty
tubes. In brief, diluted blood (0.2 ml) was added to each sample that
had been equilibrated in normal saline for 30 min at 37 ◦C and then
all the tubes were incubated for 0.5, 1, and 2 h at 37 ◦C in a shak-
ing water bath. The release of hemoglobin was determined after
centrifugation (700 × g for 10 min) by photometric analysis of the
supernatant at 545 nm.

Distilled water (100% hemolysis) and normal saline (0% hemol-
ysis) were used as positive and negative controls for this work,
respectively, and they were treated in the same way as previously.
The hemolysis rate (HR) was calculated as follows:

HR = Dt − Dnc
Dpc − Dnc

× 100% (1)

where Dt, Dnc and Dpc are the absorbance of the sample, the nega-
tive control and the positive control, respectively. The experiments
were run in triplicate and were repeated twice.

2.6. The aggregation behavior of OCMCS

Pyrene was used as hydrophobic probe. Purified pyrene was dis-
solved in ethanol at the concentration of 0.4 mg/ml. About 10 �l of
this solution was pipetted into a test tube, and the ethanol was
driven off by under a stream of nitrogen gas. 10 ml of CS or OCMCS
solution was added to the test tube, bringing the final concentra-
tion of pyrene to 2 �M. The mixture was incubated for 3 h in a water
bath at 65◦ C and shaken in a BS-10 shaking water bath overnight
at 20◦ C. Pyrene emission spectra were obtained using a Shimadzu
RF-5301PC fluorescence spectrophotometer (Shimadzu Co., Kyoto,
Japan). The probe was excited at 343 nm, and the emission spectra
were collected in the range of 360–500 nm at an integration time of
1.0 s. The excitation and emission slit opening were 15 and 1.5 nm,
respectively.

2.7. Preparation of OCMCS nanoparticles

20 mg of OCMCS was dissolved in 10 ml distilled water. Methy-
lene chloride (3%, v/v) was added to the solution with stirring
and homogenized (5 min, 13,000 × g) with an Ultra-Turrax T-25
dispersing machine. The solution was held under vacuum for
30 min to remove methylene chloride and then 1 ml of 0.25%
sodium tripolyphosphate (STPP) solution was added as a crosslink-
ing reagent. The rifampicin loaded nanoparticles was prepared
by dissolving rifampicin in methylene chloride and subsequently
emulsifying as above described.

The morphology of the OCMCS nanoparticles was observed by
TEM with a JEM-2010. Solution of samples was placed onto a copper
grill covered with nitrocellulose. They were dried at room temper-
ature and then were examined using TEM by negative staining with
an aqueous solution of sodium phosphotungstate.

The size distribution of nanoparticles was measured by the
dynamic light scattering (DLS) with a Zetasizer 3000. All DLS mea-
surements were done with a wavelength of 632.8 nm at 23◦ C.
2.8. Evaluation of in vitro drug release

The rifampicin loaded nanoparticles was prepared by dissolving
rifampicin in methylene chloride and subsequently as described to
prepare blank nanoparticles.
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The solubility of CS, CMCS, and OCMCS in aqueous solution is
shown in Fig. 3. CS is soluble in aqueous acidic solution below pH
6.5 (Mao et al., 2004). The solubility of CS is caused by the proto-
nation of primary amino groups (–NH2). However, the applications
Fig. 1. Synthetic

In vitro release profile of rifampicin from the OCMCS nanopar-
icles was examined at 37 ◦C in a different release medium
acetate-buffer solutions pH 3.8, and phosphate-buffered saline
BS pH 6.8) for 36 h under protection from light. A cellulose mem-
rane (8000–14,000) tube containing 2 ml of the rifampicin loaded
CMCS nanoparticles solution was placed in 100 ml of acetate-
uffer or PBS at 37◦ C under protection from light. Incubations were
arried out in a water bath at 37◦ C under gentle stirring. Periodi-
ally, the whole media was removed and replaced with fresh media
o maintain sink conditions. The amount of released rifampicin
as assayed by spectrophotometry at 475 nm in comparison to the

tandard curve.
The drug entrapment efficiency (EE) was calculated from the

atio of the drug amount in the nanoparticles to the total drug
mount added in the solution. And the drug loading efficiency (LE)
as calculated from the ratio of the drug amount in the nanoparti-

les to the weight of drug loaded nanoparticles.

.9. Statistical analyses

The assays were performed at least in triplicate on separate
ccasions. The data collected in this study were expressed as the
ean value ± standard deviation.

. Results and discussion

.1. Preparation and characterization of OCMCS

The synthetic scheme of OCMCS is represented in Fig. 1.
here were hydrophilic and hydrophobic group on OCMCS chains.
he introduction of hydrophobic group made it an amphiphilic
olecule. And the introduction of hydrophilic group could improve
he solubility.
The infrared spectra of CS, CMCS, and OCMCS are shown in

ig. 2. The basic characteristics of CS (Fig. 2a) at: 3455 cm−1

O–H stretch), 2900 cm−1 (C–H stretch), 1596 cm−1 (N–H bend),
154 cm−1 (bridge –O– stretch), and 1094 cm−1 (C–O stretch).
dure of OCMCS.

Compared to the spectrum of CS, the IR of CMCS (Fig. 2b)
at 1740 cm−1 (–COOH), 1070–1136 cm−1 (–C–O–) and 1059 cm−1

(C–O–C) became stronger.
Compared to the IR spectrum of CMCS, the characteristic absorp-

tion of OCMCS (Fig. 2c) at 3200–3500 cm−1 (–OH, –NH2) became
weaker, the vibrational band corresponding to primary amino
groups at 1570 cm−1 decreased. The peaks at 2924 cm−1 (� CH2),
2854 cm−1 (� CH2), 1464 cm−1 (� CH2), 1182 cm−1 (twisting
vibration of CH2) were stronger and shaper in the latter. After
oleoylation of CMCS, the spectra of OCMCS exhibited alterations
compared to CMCS. These results confirmed that the CMCS had
substituted with oleoyl chloride.

3.2. Solubility of OCMCS
Fig. 2. The FT-IR spectra of (a) CS; (b) CMCS; (c) OCMCS.
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Fig. 3. Solubility of CS, CMCS, and OCMCS.

f chitin and chitosan in biology, in which many enzyme assays
re performed at neutral pH, is quite restricted, because they are
ssentially insoluble in neutral water.

It could be seen from Fig. 3 the solubility property of OCMCS was
imilar with CMCS. OCMCS and CMCS were soluble in neutral solu-
ion. The solubility of CMCS and OCMCS in neutral water was due to
he carboxymethylation of CS introduced carboxymethyl (–COOH)
roups to CS. The improvement of solubility made their biological
nd physiological applications to develop dramatically.

.3. Biocompatibility of OCMCS

Hemolysis of the blood is an important problem associated with
he bio-incompatibility of materials. Red blood cell (RBC) hemol-
se when come in contact with water. In vitro erythrocyte induced
emolysis is considered to be a simple and reliable measure for
stimating blood compatibility of materials. Previously, the blood
ompatibility of unmodified CS in microspheres and emulsions
as evaluated in terms of hemolysis (Remunan-Lopez & Bodmeier,

996; Richardson, Kolbe, & Duncan, 1999). In this work, hemolysis
as used to evaluate the biocompatibility of amphiphilic OCMCS.

Hemolysis results of human fresh blood with CS, CMCS, and

CMCS are shown in Fig. 4. The hemolysis rate (HR) of CS after 0.5,
, and 2 h was 4.50%, 4.90% and 4.70%, respectively. The HR of CMCS
fter 0.5, 1, and 2 h was 0%, 1.35% and 2.00%, respectively. The HR
f OCMCS after 0.5, 1, and 2 h was 2.34%, 7.11% and 8.00%, respec-

Fig. 4. Hemolysis of CS, CMCS, and OCMCS.
Fig. 5. Peak I3/I1 ratio of pyrene fluorescence as a functional of CS and OCMCS.

tively. HR of CS was lower than 5%. The CMCS showed a negligible
hemolysis (lower than 2%). However, the HR of OCMCS was a little
higher than 5%, showing a certain level of red blood cell toxicity
with it.

HR of CMCS was lower than CS. That could be explained from
two aspects. On one hand, CS is a polysaccharide with amino groups
which bears positive charges (–NH3

+) in the physiological environ-
ment. That could act with some RBC which bears negative charges
on surface. It was reported in previous papers that carboxymethy-
lation reaction took place not only on the 6-O position but also
on the 2-C and –NH2 positions, which was reported in an earlier
study (Chen & Park, 2003), so the carboxymethyl occupied some
–NH2. The decrease of –NH2 could reduce the effect. The solubility
of CMCS could improve the effect. On the other hand, the CMCS
bears negative charges (–COO−), which could release or avoid the
electrostatic interaction between CMCS and cell membrane.

The HR of OCMCS was higher than CS and CMCS. That could be
explained from several aspects. The high cationic charge densities
and highly flexible polymers may cause higher cytotoxic effects.
The long hydrophobic oleoyl groups on the surface of OCMCS may
damage RBC, leading to enhanced release of hemoglobin. And the
surface tension of OCMCS may also increase the damage. The results
were consistent with an earlier study by Lee et al. (2004). However,
the largest observed hemolytic activity was lower than 10%, which
indicates a wide biocompatible margin in blood-contacting appli-
cations and suitability for intravenous administration (Jumaa et al.,
2002).

3.4. Self-aggregates of OCMCS in solution

For fluorescence spectra measurement, CS was dissolved in 1%
(v/v) acetic acid solution and OCMCS was dissolved in distilled
water. Each spectrum corresponded to samples concentration of
0.0001–5 g/L. The variation of I3/I1 (I382/I373) ratio with the loga-
rithm of concentration of CS and OCMCS is shown in Fig. 5. The
peak I3/I1 ratio can therefore be used to determine the reactivity
or aggregation properties of amphipathic molecules to the change
in environment hydrophobicity in the aqueous system. The critical
aggregation concentration (CAC) of samples was determined from
the change of the quotient of vibrational band intensities in fluores-
cence emission spectrum of pyrene in a conventional way (Amiji,

1995).

The CAC value of OCMCS was 45.6 mg/L. The hydrophobic oleoyl
chain substitutions in the macromolecule of OCMCS may facilitate
its self-aggregation, favoring hydrophobic interactions and thus,
the formation of dense polymer aggregates. And the large space
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Fig. 6. TEM photographs of OCS and OCMCS nanoparticles

teric effect after modification is also a vital factor that should be
aken into account.

The CAC value of OCMCS was much lower than that of
typical monomer surfactant SDS (sodium dodecyl sulphate)

2.1 × 103 mg/L) (Dominguez, Fernandez, Gonzalez, Iglesias, &
ontenegro, 1997) and almost equivalent to those CAC of dodecyl-

isaccharides based surfactants (86.7 mg/L) (Izawa et al., 1993).

.5. TEM of OCMCS nanoparticles

The morphology of OCMCS nanoparticles was investigated by
he transmission electron microscopy method. The TEM pho-
ographs of OCMCS nanoparticles were shown in Fig. 6. OCS
anoparticles prepared in our previous work (Li et al., 2007) are also
hown in Fig. 6 to compare with OCMCS. The OCMCS nanoparticles
ere spherical in shape. The morphology of OCMCS nanoparticles
as more regular and compact than OCS nanoparticles.

Hence, we could suggest that the introduction of carboxymethyl
nd oleoyl chain to CS might facilitate the formation of nanopar-

icles. One hand, the behavior of OCMCS in solution could be
ontrolled by the ratio of the hydrophobic to the hydrophilic
roups. We could adjust the ratio of hydrophobic to the hydrophilic
roups to get an ideal proportion which could form ideal nanopar-
icles. On the other hand, the introduction of carboxymethyl
S (30,000×); (b) OCMCS (25,000×); (c) OCMCS (30,000×).

improved the solubility of CS which made CS have a wide range
of uses in the biotechnology and pharmaceutical fields.

Previously, the effect of degree of substitution (DS) of deoxy-
cholic acid modified glycol chitosan to formation nanoparticles, size
distribution, and stability of self-aggregates in aqueous media was
evaluated by Kim et al. (2005). The formation of OCMCS nanoparti-
cles might be affected by the DS of carboxymethyl and oleoyl. There
existed an optimal DS and proportion of the hydrophobic and the
hydrophilic groups.

3.6. Size distribution

Fig. 7 shows the size distribution of the nanoparticles formed by
OCMCS. Mean diameter of the OCMCS nanoparticles was 161.8 nm.
In our previous work we have known that the majority number
of the OCS nanoparticles was around 275.3 nm in size. The size
of self-aggregates decreased as the introduction of carboxymethyl,
indicating formation of more dense hydrophobic cores in OCMCS.
3.7. In vitro release of rifampicin from OCMCS nanoparticles

The drug entrapment efficiency (EE) of the sample (rifampicin
concentration 20 mg/ml and STPP 0.6%) was 39.9% and the loading
efficiency (LE) was 19.95%.
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Fig. 7. Size distribution of OCMCS nanoparticles.

The rifampicin release profiles from OCMCS nanoparticles in
cetate-buffer solutions (pH 3.8) and phosphate-buffer saline (pH
.8) values are shown in Fig. 8. The nanoparticles might act as a
arrier against the release of physically entrapped rifampicin after
ydrolysis and the migration of rifampicin to release media might
e strongly restricted by the hydrophobic core of the nanopar-
icles. The rifampicin release rate from OCMCS nanoparticles in
hosphate-buffer saline (pH 6.8) was slower than that in acetate-
uffer solutions (pH 3.8). We believed this was because when the
H value was 3.8, OCMCS self-assembled nanoparticles absorbed
ater to swell due to the ionization of amino groups, which

esulting in the increase of permeability of their non-covalently
rosslinked hydrogel structures, so that the rifampicin release rate
ncreased accordingly (Wang et al., 2008). The other reason was
he electrostatic interaction was greatly influenced by solutions’
H (Son et al., 2003). The decrease of pH weakened salt bonds
nd therefore, facilitated fiber swelling. So, the drug release was
ccelerated. And the medium pH also affected the micellization of
he polymers (Cai & Jiang, 2009). The similar drug release mecha-
ism from other pH-sensitive hydrogel systems has already been
eported (Son et al., 2003; Wang, Dong, Du, & Kennedy, 2007).

In order to improve the stability of micelle and reduce the loss of

rug in future in vivo transport process, the effects of crosslinking
egree by STPP on the drug release behavior were investigated.
he influence of crosslinker STPP on drug release in vitro is shown
n Fig. 9. We could see that the addition of STPP could slower the

ig. 8. Mean percent drug release from rifampicin loaded OCMCS nanoparticles in
ifferent pH values release medium; (©) release in pH 3.8 medium; (�) release in
H 6.8 medium (rifampicin concentrations 20 mg/ml and STPP 0.6%) (data shown
re the mean ± S.D., N = 3).
Fig. 9. Mean percent drug release from rifampicin loaded OCMCS nanoparticles with
different STPP concentrations; (�) without STPP; (©) STPP 0.6%; (�) STPP 1.5% (pH
3.8 and rifampicin concentrations 20 mg/ml) (data shown are the mean ± S.D., N = 3).

release of rifampicin. And the release rate of samples with more
STPP was slower than that of with less STPP. The reason might be
that the addition of STPP made the nanoparticles more stable and
the connecting network was then formed from the percolation of
bridges leading to a slowly release.

In summary, OCMCS could be synthesized by reacting CMCS
with oleoyl chloride. The solubility, biocompatibility, formation of
nanoparticles, and size of nanoparticles were affected by the pro-
portion of the hydrophobic and the hydrophilic groups. We believe
through adjusting the structure of the amphiphilic copolymers (the
ratio of hydrophobic group to hydrophilic group), a kind of ideal
water-soluble and biocompatible OCMCS could be prepared. And
the size and morphology of the OCMCS micelles may be easily
controlled.

4. Conclusion

OCMCS was synthesized by reacting CMCS with oleoyl chlo-
ride. The FT-IR results suggested the formation of an amide linkage
between amino groups of CMCS and carboxyl groups of oleoyl
chloride. The OCMCS exhibited good solubility in aqueous solu-
tion than CS. The CS was not soluble while the OCMCS and CMCS
could be soluble at neutral pH. All the CS, CMCS, and OCMCS had
good biocompatibility based on the results of the erythrocyte toxi-
city assay. Formation of self-aggregation was observed by use of
pyrene as a fluorescent probe in the OCMCS aqueous solution.
Nanoparticles were prepared using an o/w emulsification method.
The morphology of OCMCS nanoparticles was more regular than
OCS nanoparticles. Mean diameter of the OCMCS nanoparticles was
161.8 nm. Rifampicin, as a model drug, was investigated for its
release properties in vitro. The addition of crosslinker STPP could
slower the release of rifampicin. The rifampicin release rate was
sensitive to the pH of the release media, because the electrostatic
interaction, ionization, and micellization were greatly influenced
by solutions’ pH.
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