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Hybrid anion exchange hollow fiber membranes (HAEHFMs) based on bromomethylated poly(2,6-dimethyl-1,4-phenylene
oxide) (BPPO) are proposed as potential drug carriers for four anionic model drugs, including the sodium salts of benzoate
(NaBS), salicylate (NaSA), meta-amino salicylate (NaMAS), and loxoprofen (NaLS). The results of the static loading and release
experiments suggest that electrostatic interaction, hydrogen bonding, and hydrophobic interaction are the main interaction
patterns between the membrane and the drugs. And they are directly influenced by the external phase conditions and the drug
physicochemical characteristics, such as structure, molecular weight, dissociation (pKa), and hydrogen bonding capability. Among
the four different drugs, NaSA and NaMAS appear to be the most suitable for controlled release by the HAEHFM due to their
excellent adsorption/release behaviors.

1. Introduction

Controlled drug release has attracted increasing attention
during recent decades because of its special advantages on
providing a relatively steady blood level of drug, optimizing
the drug therapeutics and improving patient compliance.
The most significant pursuit of developing controlled release
system is to prolong the retention of the drug and get a
constancy of release rate. Membranes have been evaluated as
one of the most promising drug delivery vehicles [1, 2]. In
order to develop rate-limiting drug delivery membrane, ion
transport and ion exchange mechanisms can be introduced
through the use of ion exchange membranes (IEMs). The
ion exchange groups of the IEMs can capture the ionized
drugs through electrostatic interactions and thus provide a
permselectivity for the therapeutic agents in the drug deliv-
ery profiles [3]. Up to date, many types of IEMs have been
used directly or modified as drug vehicles such as Nafion
[4], modified chitosan [1, 5–7], polypyrrole [8], poly(acrylic
acid) grafted poly(vinylidene fluoride) (PAA-PVDF) [9,
10], and bromomethylated poly(2,6-dimethyl-1,4-phenylene

oxide) (BPPO) membranes [11]. The rate-limiting perfor-
mance of the IEMs for ionic drugs mainly depends on the
physical and chemical properties of the IEMs and the drugs,
as well as the external solution conditions [12].

IEMs can be classified into ion exchange flat membranes
and ion exchange hollow fiber membranes (IEHFMs) ac-
cording to the physical configuration. IEHFMs, as a novel
type of drug delivery vehicles, have been proved to be ef-
fective in rate-limiting drug release. Our research group has
previously promoted a novel type of hybrid anion exchange
hollow fiber membrane (HAEHFM) from brominated poly
(2,6-dimethyl-1,4-phenylene oxide) (BPPO) and γ-metha-
cryloxypropyl trimethoxysilane (γ-MPS) for controlled re-
lease of sodium salicylate (NaSA) [13]. The HAEHFM ex-
hibits low toxicity, large effective surface area, and high ion
exchange content (IEC), ensuring a high drug loading ef-
ficiency (28.4%) and a relatively low release rate (drug re-
leased in 7 days under physiological condition: 51.9%).

The present work is to extend our previous study and
to investigate further the effect of the drug characteristics
on the loading and release behaviors. As well known,



2 International Journal of Chemical Engineering

Table 1: Structures and physicochemical characteristics of the model drugs.

Compound Structure Mw pKa17−20 HBD/HBA∗

Sodium benzoate (NaBS)

OO−Na+

144.1 4.17 (–COOH)
0/2

Sodium salicylate (NaSA) OH

O O−Na+

160.1
2.98 (–COOH),

13.9 (–OH)
1/3

Sodium meta-amino salicylate (NaMAS)
OH

O O−Na+

NH2

175.1
2.74 (–COOH),
5.84 (–NH3

+),
13.9 (–OH)

1/4

Loxoprofen sodium (NaLS)

O

O

O−Na+

268.3 4.20 (–COOH) 0/3

∗
Hydrogen bond donor (based on –OH groups)/hydrogen bond acceptor (based on O-atoms and N-atoms); it is assumed that carboxyl groups are ionized

during the experiments.

the physicochemical properties of the drugs such as charge,
molecular weight, dissociation (pKa), lipophilicity and hy-
drogen bonding can greatly affect the adsorption and release
behaviors [12]. Previous researches are abundant regarding
the effect of these drug properties on the controlled release
behavior of ion exchange flat membranes, fibers, or resins
[12, 14–16]. For example, Jaskari et al. and Hanninen et al.,
both, proved that lipophilic drugs tend to bond onto the
weak base anion exchange fibers [15, 16]. However, few stud-
ies have been performed with IEHFMs. For our IEHFMs, the
interaction mechanisms with the drug might be even more
complex, since there are both organic and inorganic compo-
nents in the membrane matrix. The presence of –SiOH and
ester groups from γ-MPS may influence the loading and
release behaviors comprehensively.

Four model drugs are selected here, including the sodium
salts of benzoate (NaBS), salicylate (NaSA), meta-amino
salicylate (NaMAS), and loxoprofen (NaLS) (Table 1 [17–
20]). Among these, salicylic acid (SA), meta-amino salicylate
(MAS), and loxoprofen (LS) are widely used nonsteroidal
anti-inflammatory drugs (NSAIDs). NaBS, a commonly used
food preservative, is also used here for its structure similarity
to the other drugs. The four drugs differ in physicochemical
characteristics such as molecular weight, pKa, and hydrogen
bonding capacity. Nevertheless, they all contain carboxyl
groups, which produce negatively charged anions when

dissociated. The drug loading capacity and the drug release
rate and extent from the HAEHFM in different external
solutions are to be studied and compared. The mechanisms
of drug binding into and release from the ion exchange drug
carriers are to be discussed so as to provide guidance for the
selection, optimization, and application of the drug vehicles.

2. Material and Methods

2.1. Materials. Brominated poly(2,6-dimethyl-1,4-phenyl-
ene oxide) (BPPO) hollow fiber membranes were kindly sup-
plied by Tianwei Membrane Corporation Ltd. (Shandong,
China) with 53% benzyl substitution ratio and 47% aryl sub-
stitution ratio. γ-methacryloxypropyl trimethoxysilane (γ-
MPS) and triethylamine (TEA) were diluted with ethanol to
1.0 mol/L before use. Sodium salicylate (NaSA) and sodium
meta-amino salicylate (NaMAS) were purchased from Tian-
jin Damao Chemical Reagent Factory (Tianjin, China) and
Weihai Disu Pharmaceutical Co., Ltd. (Shandong, China),
respectively. Sodium benzoate (NaBS), loxoprofen sodium
(NaLS), and dialysis membrane (molecular weight cut-off,
MWCO∼3500 Da) were obtained from Bio Basic Inc. (BBI)
(Shanghai, China). Bovine serum albumin (BSA) and glu-
cose (Glc) were from Sinopharm Chemical Reagent Co., Ltd
(Shanghai, China). The reagents were all of analytical grade
and double-distilled water was used throughout.



International Journal of Chemical Engineering 3

 

BPPO framework

BPPO framework

Electrostatic
interactions

Electrostatic
interactions

Hydrophobic
interactions

CH2OH

OH

CH2Br

O

O
O

O

O

O

O

O
O

O

O

OO

O
O

O
O

O

CH3

CH3CH3CH3

CH3

CH3

Si

SiSi

C2H5 C2H5
C2H5C2H5

C2H5

C2H5 C2H5

C2H5
C2H5

N+

N+

N+
Anion exchange groups

Organic-inorganic matrix

∗∗

∗
∗

∗

∗

Hydrogen
bonding

Hydrogen
bonding

C

C C

H3C

Figure 1: The structure of the HAEHFM and different interaction patterns between the HAEHFM and drugs.

Phosphate buffer solutions (PBSs) with pH values of
5.0, 7.4, and 9.0 were prepared by Na2HPO4-KH2PO4 with
phosphate concentration of 0.2 mol/L. One simulated body
fluid was prepared containing 0.2 mol/L PBS (pH = 7.4),
100 mg/dL glucose, and 70 mg/mL BSA. The simulated body
fluid without BSA was also prepared.

2.2. Preparation and Characterizations of the Drug Carrier:
The HAEHFM. The HAEHFM was prepared from BPPO
hollow fiber membrane through three steps, as has been
described in detail in our earlier study [21]: partial hydrolysis
by KOH, in situ sol-gel process with γ-MPS, and quaterniza-
tion by TEA. The main properties of the HAEHFM are as
follows: inner and outer diameter of 0.70 mm and 1.06 mm,
ion exchange capacity (IEC) of 1.76 mmol/g dry membrane,
water content (WR) of 62.9%, and dimensional change ratio
(DCR) of 12.9% in water.

As illustrated in Figure 1, the BPPO frameworks are
crosslinked by Si-O-Si network formed in the sol-gel process.
According to the polymer structure, three main types of in-
teraction patterns between the HAEHFM and drugs can be
present: electrostatic interactions, hydrogen bonding, and
hydrophilic interactions. The strong anion exchange groups
(quaternary amino groups) on the backbone of the polymer
provide sites for electrostatic binding. The oxygen atoms
(from BPPO frameworks, ester bonding in γ-MPS, and the
Si-O-Si bonding) and the hydroxyls groups (from BPPO and
silanol groups) can form hydrogen bonds with drugs in wa-
ter. Besides, hydrophilic interactions may exist between drugs
and the benzene rings or methyl vinyls of the HAEHFM.

2.3. Drug Loading Studies. The HAEHFM was loaded with
the model drugs through static adsorption. Dry membranes
(0.05 g) were cut into pieces with length of 5–8 mm then
added into 4 mL aqueous solutions of different drugs (from

Table 2: The UV test parameters of different drugs.

Drug Wavelength (nm) Test concentration (μmol/L)

NaBS 228 4–114

NaSA 295 27–266

NaMAS 330 27–11500

NaLS 225 12–132

0.05 to 100 mmol/L) and kept at 30◦C for 24 h. Then the
membrane was taken out and washed by water (with a total
volume of 5 mL) to remove the drug adhered on the surface.
The washing solutions and the adsorption solutions after
drug loading were collected for concentration analysis.

For concentration determination, the drug solutions
were diluted into proper concentrations and then tested us-
ing a UV-2550 UV-VIS spectrophotometer (Kyoto, Japan).
The characteristic adsorption wavelength of each drug was
found and listed in Table 2. Because there is a linear rel-
ationship between the absorbance and concentration when
the absorbance is between 0.1–1.0, each sample was diluted
to proper concentration before testing. The testing concen-
tration ranges of the model drugs are also listed in Table 2.
The drug loading content was calculated by the following
equation:

S = V(c0 − c)
m

× 10−3, (1)

where S (mmol/g dry membrane) is the total content of a
model drug adsorbed by the HAEHFM; c0 and c (mmol/L)
are the concentrations of the model drug before and after
drug loading. V (mL) means the volume of the adsorption
solution, which is 4 mL in this study. m (g) means the weight
of the testing membrane, which is 0.05 g in this study.
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The curves of the loading contents versus original drug
concentrations are fitted by the Langmuir isotherm mecha-
nism [22]:

q = qm Kc0

1 + Kc0
, (2)

where K is Langmuir equilibrium constant (mL/mg), q is the
drug adsorption under a certain original drug concentration,
and qm is the maximum amount of drug adsorption. By cur
ve fitting of the drug loading data under different drug con
centrations, the value of qm and K can be calculated.

2.4. Release Behaviors. Three different release experiments
were performed for each model drug.

(1) The release experiment in pure water. The HAE-
HFMs (0.05 g) loaded with drugs were immersed into
50 mL of water and kept at 37◦C for 12 h. 3 mL of
the solution was sampled at each predetermined sam
pling time. Fresh water was added immediately after
each sampling. The cumulative amount of drug re
leased was determined by the UV absorbance.

(2) The pH dependence. The procedures were the same
as above in pure water, except that 0.2 mol/L PBSs
with varied pH values (5.0, 7.4, and 9.0) were used.

(3) Release behaviors under physiological condition. The
HAEHFM loaded with the model drug was added
into a dialysis bag containing 5 mL simulated body
fluid medium. Then the dialysis bag was immediately
immersed into the simulated body fluid without BSA
(45 mL). 3 mL of the solutions out of the dialysis bag
were sampled every 12 h and the experiments last for
one week.

Diffusion coefficients D (cm2/s) can be obtained through
fitting the release curves by the Higuchi equation [23]:

Q

A
= 2C0

√
Dt

π
, (3)

where Q/A is the amount of drug released per unit area at the
time t and C0 is the initial concentration of a model drug in
the HAEHFM. A is the membrane surface area and can be
calculated from the inner, outer diameter, and the length of
the membrane.

3. Results and Discussion

3.1. Binding of Different Drugs to the AEHFM. The data of
the drug loading contents versus different original drug con-
centrations are fitted by Langmuir isotherm mechanism (2).
Figure 2 suggests that the data of NaSA, NaMAS, and NaLS
can fit the Langmuir isotherm mechanism well (the coeffi-
cient of determination (R2) > 0.97). This indicates that the
adsorption is congruous to the assumptions of the Langmuir
isotherm mechanism: (1) the drug does not interact with
itself; and (2) only one monolayer is formed at the maximum
adsorption [22]. This way of adsorption is beneficial for slow
and sustained drug release.
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Figure 2: Loading contents of different drugs onto the HAEHFM as
the original drug concentrations increase. Experimental conditions:
24 h at 30◦C.

Nevertheless, the adsorption behaviour of NaBS does
not agree well with the fitting result (R2 = 0.73). The
adsorption amount of NaBS increases first with the increase
of NaBS concentration, then decreases somehow when NaBS
concentration is in the range of 60–80 mmol/L, and finally
increases again at NaBS concentration higher than 80 mmol/
L. The abnormity of the NaBS adsorption behavior should
be due to the peculiarity of the drug structure. As shown in
Table 1, NaBS molecule possesses only one carboxyl group
which is highly hydrophilic. The benzene ring, on the other
hand, is highly hydrophobic. Hence phenyl stackings might
be formed in aqueous solution through the parallel displaced
or T-shaped arrangements [24] as shown in Figure 3. The
possible explanation of the changing trend of the NaBS cur-
ve in Figure 2 can be presumed as follows. Under low concen-
tration of NaBS, the drug adsorption amount onto the mem-
brane increases with the NaBS concentration as the number
of free drug molecules in the solution increases. However,
when NaBS concentration is higher than 60 mmol/L, NaBS
stackings begin to form, which decrease the number of free
drug molecules and thereby the adsorption amount de-
creases. With further increase in NaBS concentration, the
stackings grow in size and number and further formation
of the stacking structure becomes more difficult. Therefore,
the number of free drug molecules becomes increasing again,
leading to an increase in drug adsorption amount.

The qm values of the drugs are obtained from fitting
the curves of the loading contents versus original drug
concentrations by equation (2) and the results are illustrated
in Figure 4. The qm values are all over 1.2 mmol/g, relatively
high as compared with some reported values [11, 25].
Meanwhile, the value of qm/IEC, which indicates the ratio of
maximal drug binding content and the ion exchange capacity
of the membrane, is in the range of 68–141%. The qm/IEC
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Figure 3: The supposed arrangements of the stackings formed in NaBS solution.
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Figure 4: The maximal drug loading contents (qm) and the values
of qm/IEC for different drugs onto the HAEHFM.

values of NaSA and NaLS are over 100%, indicating that
some other interactions besides the electrostatic interaction
are present.

The qm values of the drugs can be arranged as NaSA>
NaLS > NaBS > NaMAS. The reason should be attributed
to the difference of the drug structures, as explained in the
following.

(1) Compared with NaBS and NaLS, salicylate (NaSA
and NaMAS) possesses an extra phenolic hydroxyl
group (Ph–OH). The Ph–OH group can partly disso-
ciate into phenol anion (Ph–O−) and form hydrogen
bonding with the drugs, both of which are beneficial
for the affinity of the drug to the membrane. And
the pKa values of NaSA and NaMAS are 2.98 and
2.74 (–COOH), much lower than the other two drugs
(Table 1). Therefore, the high qm value of NaSA can
be well understood.

(2) Nevertheless, NaMAS contains an amino group,
which might be protonated into –NH3

+ group.
Hence, neutral intrinsic molecular salts can be for-
med in NaMAS solution [12, 26], decreasing the
adsorption of NaMAS to the membrane. Therefore,
the qm value of NaMAS is the lowest.

(3) NaLS possesses one more carbonyl and one five-
membered ring as compared with NaBS. The O-atom
from the carbonyl can act as the hydrogen bonding
acceptor, and the five-membered ring increases the
hydrophobility of NaLS. Hence the hydrogen bond-
ing and hydrophobic interactions between NaLS and
the membrane are increased, leading to higher qm va-
lue of NaLS than NaBS.

3.2. Release of Different Drugs from the AEHFM

3.2.1. Release Behaviors of Different Drugs in Pure Water. The
release behavior of the model drugs from the HAEHFM in
pure water was examined and the result is shown in Figure 5.
Only 0.85–7.24% of the entrapped drugs are released during
the period of 12 h. The diffusion coefficients (D) of the drugs
are calculated to be 4.7 × 10−7–3.5 × 10−5 cm2/s according
to Higuchi equation (3), as listed in Table 3. The D values
of NaSA and NaMAS are relatively low as compared with
some reported values [12, 27], indicating the high potential
of NaSA and NaMAS for controlled release by HAEHFM. As
for NaBS, the D value is higher than some reported values.
For instance, the D value of NaBS from liquid crystalline
gels was 0.12× 10−7 cm2/s, and the release percentage within
24 h was 25.2% [28]. The significant difference is mainly
due to the difference of materials properties and the drug
loading content. The release behaviour of NaLS has been
rarely reported in the literature and hence the data here can
give clues for its future research.

The release rates of the different model drugs (see
Figure 5 or Table 3) decrease according to the following
sequence: NaLS > NaBS > NaSA > NaMAS. Possible reasons
for the change trend can be explained as follows.

(1) The D values of salycilates (NaSA and NaMAS)
are much lower than the other two drugs. This
should be mainly due to their higher affinity to the
membrane, since phenolic hydroxyl group (Ph–OH)
can provide additional electrostatic interaction and
hydrogen bonding.

(2) The D value of NaMAS is the lowest among all the
drugs. As discussed in Section 3.1, intrinsic molecu-
lar salts can be formed in NaMAS solution because
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Table 3: Diffusion coefficients (D/ × 10−6 cm2/s) of different drugs
from BPPO-γ-MPS(+) hollow fiber membrane at 37◦C under
different outer phase conditions, calculated by the Higuchi equation
(3).

Outer phase
conditions

NaBS NaSA NaMAS NaLS

Pure water 16.79 1.456 0.4714 35.44

PBS at pH 5.0 1483 218.8 100.8 1598

PBS at pH 7.4 1327 123.9 77.42 4531

PBS at pH 9.0 1429 39.36 345.0 3803

PBS with 100 mg/dL
Glc and 70 mg/mL
BSA, pH 7.4

161.7 132.1 72.61 353.6
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Figure 5: Release behaviors of different drugs from the HAEHFM
in pure water at 37◦C.

of the presence of –NH2 groups. The electrostatic
interaction with the membrane is diminished. On
the other hand, the hydrogen bonding capacity of
NaMAS is the strongest among all the drugs as illus-
trated in Table 1. Therefore, the low release rate of
NaMAS should be mainly attributed to the hydrogen
bonding by both –OH group and –NH2 groups.

(3) NaLS shows the largest release rate in pure water,
indicating the least stable association between NaLS
and the membrane. As discussed in Section 3.1, NaLS
contains five-membered ring and hence the hydro-
phobic interaction plays more important role for its
affinity to the membrane. The hydrophobic interac-
tion is relatively weak as compared with electrostatic
and hydrogen bonding interactions. Besides, the five-
membered ring increases the steric hindrance of
NaLS. Therefore, the release rate of NaLS is the
highest among all the drugs.

3.2.2. Release Behaviors of Different Drugs at Varied pH
Values. Figure 6 illustrates the release behaviors of the model
drugs in acidic (pH 5.0, Figure 6(a)), neutral (pH 7.4,
Figure 6(b)), and basic (pH 9.0, Figure 6(c)) conditions. The
D values are calculated and listed in Table 3. The D values
are in the range of 3.9× 10−5–4.5× 10−3 cm2/s, much higher
than the values in pure water. Hence, the increase of ion con-
centration in the external phase can lead to a significant in-
crease in the drug release rate [13, 29]. As promoted by Han-
ninen, the Donnan potential is decreased, and the molar
amounts of counterions, as well as the concentration gra-
dient, are increased when salty solutions are used [29]. Be-
sides, the hydrogen bonding can also be disturbed by salty
environment. All the changes can result into a higher release
rate of the drugs.

At pH 5.0 and pH 7.4, the D values follow the same
changing trend as in pure water: NaLS > NaBS > NaSA >
NaMAS. Nevertheless, the D value of NaMAS is higher than
that of NaSA at pH 9.0. This can be explained as follows.
NaMAS contains additional –NH2 groups and hence the
hydrogen bonding plays important role in the affinity of
NaMAS to the membrane. Hydrogen bonding tends to form
at lower pH value, especially around the pKa value of the
drug [30]. In basic condition, the hydrogen bonding can be
destroyed and hence the release rate is increased.

As for the influence of the pH values on the D values of
each drug, interesting phenomena can be found from Table 3
as follows.

(1) The D value of NaBS is not significantly affected by
the pH value. NaBS has pKa value of 4.17 and hence
is negatively charged in different pH conditions (5.0,
7.4, and 9.0). The main interaction between NaBS
and the membrane is electrostatic interaction. Thus
the release behavior of NaBS is relatively stable when
pH changes.

(2) The D value of NaSA decreases gradually with the
increase of the pH values. The reason for this
changing trend has been discussed in our previous
work [13]. Namely, the phenolic hydroxyls (Ph–OH)
of NaSA can be partially deprotonated at higher pH
condition. Therefore, the electrostatic interaction
with the membrane is enhanced.

(3) The D value of NaMAS at pH 9.0 is abnormally larger
than that at the other pH conditions. This is due to
the destruction of the hydrogen bonding, as discussed
previously.

(4) The D value of NaLS at pH 5.0 is relatively lower than
the values at the other pH conditions. This should
be due to the strengthening of the hydrogen bonding
since pH 5.0 is near the pKa value of NaLS (4.20) [30].

3.2.3. Release Behaviors of Different Drugs in a Simulated Body
Fluid. As the HAEHFM is researched for the potential use
of drug delivery to the focus in human body, the release
behaviors of the drugs under physiological condition have
been investigated. The curves in Figure 7 are fitted according
to Higuchi equation (3) and the diffusion coefficients (D)
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Figure 6: Release behaviors of different drugs from the HAEHFM at 37◦C at (a) pH 5.0, (b) pH 7.4, and (c) pH 9.0.

are listed in Table 3. The release curves of NaSA and NaMAS
can fit the equation well and the corresponding D values
are similar to the values in PBS at pH 7.4. However, the
curves of NaBS and NaLS in the simulated body fluid deviate
from the Higuchi equation (R2 = 0.35 and 0.74). This in-
dicates that the release mechanisms of these two drugs do
not accord with the assumptions of Higuchi equation. Three
possible phenomena can be presented as the reasons: (i)
there are protein and sugar in the solution, and hence the
solubility of the drugs is decreased and the solution is not
under a perfect dissolution condition; (ii) a constant diffu-
sivity cannot be maintained as the viscosity of the solution is
relatively high; (iii) the swelling of the polymer cannot
be neglected. The size of NaLS molecule is the largest
among all the drugs, and NaBS may form stackings due to
the hydrophilic-hydrophobic interactions. Hence the three

possible phenomena, especially the former two, have more
significant influence on their release behaviors, leading to the
deviation from the Higuchi equation.

In Figure 7, the cumulative drug release of NaBS, NaSA,
NaMAS, and NaLS after 7 days are 61.3%, 56.8%, 37.7%,
and ∼100% respectively. The changing trend of the D values
in Table 3 follows the same order as in pure water: NaLS>
NaBS > NaSA > NaMAS. Therefore, the salicylates (NaSA
and NaMAS) are relatively more suitable for controlled
release by the HAEHFM.

4. Conclusions

The model drugs including salycilates (NaSA and NaMAS)
and aromatic monoacids with similar structures (NaBS and
NaLS) can be effectively loaded onto the hybrid anion
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Figure 7: Release behaviors of different drugs from HAEHFM in a
simulated body fluid at 37◦C.

exchange hollow fiber membrane (HAEHFM) with the qm
value of 1.2–2.5 mmol/g dry membrane. The salycilates per-
form excellent release behavior (37.7% NaMAS and 56.8%
NaSA released in simulated body fluid during 7 days). The
physicochemical characteristics of drugs are crucial to the
interaction patterns between the drugs and the mem-
brane. Although the electrostatic interaction appears to play
an important role between the anionic drugs and the anion
exchange membrane, the nonelectrostatic interactions (hy-
drophobic interactions and hydrogen bonding) are also very
significant to the drug release performances. Additionally,
hydrogen bonding between the drugs and the membrane
shows strong pH dependence. For example, the hydrogen
bonding between NaMAS and the membrane can be dis-
turbed in basic condition, resulting into an increase in the
diffusion coefficient (D value) of NaMAS at pH 9.0. Thus, to
optimize the release performance of the drug delivery system,
the release environment, such as the salt concentrations and
pH values, should be selected according to the physicochem-
ical properties of the drug.
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