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Metal-organic frameworks (MOFs) materials have unique advantages such as
high surface area and favorable structures in the drug delivery system. How-
10 August 2020 ever, MOFs have the characteristics of easy aggregation and poor dispersion,

which make the drug delivery not to reach the ideal effect. Developing
© Springer Science+Business  biodegradable carrier for controlled drug delivery is still a challenging task. In
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Nature 2020 composite membranes were prepared by secondary growth method on the
surface of electrospun nanofiber membrane. As the incubation time prolonged
and the 2-methylimidazole (2-MIM) concentration increased, the size of ZIF-8
particles increased and the distribution of ZIF-8 became more uniform, resulting
in increased the hydrophilicity and surface roughness. Furthermore, PLA /ZIF-8
nanofiber membranes had excellent pH response and drug release capacity.
While only up to 40% of loaded drug was released in the buffer of pH value of
7.4, over 90% of drug was released at pH 5.5 due to the dissolution of ZIF-8
skeleton at acidic solution. It indicates that the pH-responsive PLA/ZIF-8
nanofiber membrane can be used as highly efficient drug carriers.
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Introduction

With the change of people’s lifestyle and the deteri-
oration of the environment, cancer remains one of the
greatest threats to human health [1]. Chemotherapy
has become the first choice for cancer treatment
because of its good systemic treatment effect, simple
operation and good patient compliance. Therefore,
the drug carriers required for chemotherapy need to
be biocompatible. Drug delivery systems can be
usually prepared with different types of drug carriers
including nanoparticles, polymer-drug conjugates,
solution-dispersed polymeric micelles or micro-
spheres which can effectively control the release of
drugs, to achieve the effect of treatment [2]. Hollow
nanostructures have unique drug loading ability,
which can lead to drug release through diffusion or
degradation [3]. Recently, metal-organic frameworks
(MOFs) of metals connected by organic linkers have
been regarded as ideal drug nanocarriers [4-6]. MOFs
are often used for gas separation [7], storage [8, 9],
sensing [10], catalysis [11] and drug delivery [12, 13]
due to its high surface area, tunable pore sizes,
multifunctional properties and favorable structures
[14]. Generally, two strategies, ex situ encapsulation
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where drug is put into contact with previously syn-
thesized MOF and in situ encapsulation where drug
is added to a MOF synthesis solution, have been used
to achieve MOFs-based drug delivery [15]. The first
method can cause drug leakage before the degrada-
tion of carriers and lead to low drug loading and
uncontrolled drug release behavior. Another method
in which the MOF structure is formed around the
entrapped molecule realizes that the synthesis of
MOFs and the drug loading are synchronized,
avoiding drug leakage during the releasing process.
However, the existence of strong interaction between
drug and MOF has become an essential factor to
influence drug loading. It is urgent to obtain an
effective strategy to solve the low drug load and burst
release behavior in MOFs carriers for drugs. ZIF-8 is
regarded as one of the best MOFs for drug delivery
because their skeleton can decompose in the acidic
conditions.

ZIF-8 has a three-dimensional zeolite crystal
structure formed by bridging zinc ions with the
ligand of methylimidazolate. Compared with other
ZIF structures, ZIF-8 has a small aperture (3.4 A) and
a large cavity size (11.6 A) [16]. The ZIF-8 crystal
consisted of the zinc ion source and imidazole salt
linker has been well studied and established. In
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traditional methods, soluble zinc salts, such as
Zn(NOs),, ZnSO4 and ZnCl,, can be used as a source
of zinc ions [17]. As ZIF-8 has good chemical stability,
thermal stability, degradability and biocompatibility,
it is superior to other MOF in drug loading [18]. Since
the dispersing properties of ZIF-8 particles are not
sufficient to control drug release, a biocompatible
matrix material is needed for ZIF-8 deposition.

Poly (lactic acid) (PLA), a kind of aliphatic polye-
ster, is produced from renewable plant resources like
corn and wheat [19]. Currently, PLA has received
increasing attention in the field of biomedical mate-
rials because of its specific advantages of good bio-
compatibility, easy decomposability and degradation
products are non-toxic to the human body. As a
better sustained-release carrier, the membrane pre-
pared with PLA has been proved to have good sus-
tained-release and controlled-release effects [20, 21].

The electrospinning technique has attracted much
attention for preparing three-dimensional nanoscale
fiber membranes with large surface volume and high
porosity [19]. The nanofiber membranes are ideal
substrates for MOFs crystal deposition because of
their specific structural parameters and chemical
tenability [22]. The composites consisting of MOF and
electrospinning nanofiber have been fabricated by a
series of synthesis methods, including solvothermal
method, secondary growth, interfacial synthesis,
supramolecular assembly, and so on [23-26]. In par-
ticular, the secondary growth method has the
advantage of relative low higher temperatures, sim-
ple process and easier control of the MOF growth
size. Jinfu et al. reported the synthesis of the high-
quality ZIF-8 membranes for gas separation on the
commercial ceramic tubes with modification of an
alumina layer via secondary growth method [27]. The
quality and reproducibility of the ZIF-8 membrane
were significantly improved by coating a PDMS
layer, and the composite membrane showed high
selectivity in the separation of C3H6/C3HS8 mixture
gases. Imran et al. prepared the polysulfone/ZIF-8
hollow fiber membranes using various loadings of
ZIF-8 nanoparticles for natural gas purification [28].
The uniform dispersion of ZIF-8 particles across the
membrane surface hindered CH, permeation with
enhanced CO,/CH,4 selectivity. Mingmin et al
noticed that the ZIF-8@cellulose nanofiber composite
membranes fabricated by in situ growth of ZIF-8 on
cellulose nanofibers exhibited a preferred CO,
adsorption  capacity ¥ and  molecular-sieving
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mechanism played an important role in this com-
posite membrane [29]. The high-performance porous
composites consisting of MOF and nanofiber have
attracted a great deal of attention and been applied in
many fields, such as sensing, supercapacitors, catal-
ysis and contaminant removal [30-33].

In this work, we prepared PLA/ZIF-8 nanofiber
membranes by the secondary growth method. A
layer of ZIF-8 nanoparticles was immobilized on the
surface of the PLA nanofiber membranes. In addition,
the effects of different experimental conditions on the
growth of ZIF-8 were studied and the drug loading
and releasing properties of the PLA /ZIF-8 nanofiber
membranes were detected by tests.

Materials and methods
Materials

PLA (M, =16700) was purchased from Nature
Works Co., Ltd. 2-methylimidazole (C4HN,, 2-MIM)
and zinc nitrate hexahydrate (Zn(NOj3),-6H,0O) were
provided from Aladdin Reagent Co., Ltd. (Shanghai,
China). Methanol (CH30H), N,N’-dimethylfor-
mamide (DMF) and dichloromethane (DCM) were
purchased from Shandong Qilu Petrochemical Engi-
neering Company Co., Ltd. (Shandong, China).
Astragalus Polysacharin (APS) was purchased from
Xi'an Feida Biotechnology Co., Ltd. (Shanxi, China).
Disodium phosphate dodecahydrate (Na,HPO,) was
obtained from Tianjin Guangfu Technology Devel-
opment Co., Ltd. (Tianjin, China). Sodium chloride
(NaCl), sodium hydroxide (NaOH) and potassium
dihydrogen phosphate (KH,PO,) were purchased
from Tianjin Sailboat Chemical Reagent Technology
Co., Ltd. (Tianjin, China).

Experimental
Electrospinning

0.5 g PLA was dissolved in 10 mL of the mixture of
DCM and DMF. 0.5 g 2-MIM and 0.2 g of PVP were
added to the PLA solution with stirring for 25 min.
The obtained solution was transferred into a plastic
syringe for electrospinning at a feed rate of 1 mL-h™".
The nanofiber membranes were collected on an alu-
minum foil paper, the distance between the needle
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and drum was 15 cm, and the used voltage was
20 kV.

Preparation of the PLA/ZIF-8 nanofiber
membranes

Considering the strong influence of incubation time
for the morphology, ZIF-8 particles grew on the
surfaces of nanofiber membranes with various incu-
bation time and various incubation concentrations of
2-MIM. As shown in Fig. 1, the PLA nanofiber
membranes were soaked in 15 mL aqueous solution
containing 1.5 mmol Zn(NO3),-6H,0O for 1 h, which
was conducive to attract more zinc ion form the small
ZIF-8 as the growth core on the nanofiber surface.
Then, nanofiber membranes were washed three times
with water and added into 10 mL of 0.24 mol-L™!
2-MIM aqueous solution at room temperature. The
incubation time was 6 h, 12 h and 18 h, respectively.
The other group nanofiber membranes were incu-
bated in a 2-MIM solution with 10 mL concentration
of 0.08 mol.L™',0.16 mol-L™" and 0.24 molL™" at
room temperature, respectively, for 18 h The nanofi-
ber membrane was taken out, washed with methanol
and air-dried at 50 °C

Characterization

The surface micromorphologies of the samples were
observed using a field-emission scanning electron
microscope (FESEM, Hitachi 5-4800, Japan) at 10.0 kV
acceleration voltage. Thermogravimetric (TG) analy-
sis was carried out on a STA449F3 analyzer (Ger-
many) from 30 °C to 800 °C under N, with a heating
rate of 10 °C min~'. The Fourier transform infrared
(FT-IR) spectra of the membranes were obtained
using a spectrometer (Bruker TERSOR37, Germany)

at a resolution of 1 cm™" in the range of 4000 cm™'-

Figure 1 Schematic of the

fabrication process of the
PLA/ZIF-8 nanofiber
membranes.

@ Springer

! J Mater Sci (2020) 55:15275-15287

500 cm~!. XPS (Themo Fisher, K-alpha, China) was
obtained by a Genesis 60 spectrometer equipped with
an Al Ka radiation source (hv =1486.4 eV). The
roughness of the membrane surfaces was tested with
a true color confocal microscope (Zeiss CSM700). The
water contact angles (WCAs) were detected using a
contact angle goniometer (JY-820, Chengde Texting
Machine Co., Ltd.). The N, sorption analysis was
conducted with an automated gas sorption analyzer
(Autosorb-iQ-C) at 77 K applying the Brunauer—-Em-
mett-Teller (BET) method for the specific surface
area. The pore size distribution was obtained by
using the HK models on the adsorption branch of the
N, isotherm.

Drug release study
Drug loading capacity

PLA /ZIF-8 nanofiber membranes were immersed in
the Astragalus Polysacharin (APS) solution with a
concentration of 1 mg-mL ™" at room temperature for
12 h. The mixture was separated by centrifugation,
and the supernatant was taken. The drug loading
content (DL) of the supernatant was measured using
a UV spectrophotometer and calculated via Eq. (1):

DL:mOT_mX 100% (1)

where m, is the mass of APS in initial solution before
loading, m is the mass of APS in the supernatant after
centrifugation, and M is the mass of nanoparticles
used [34, 35].

The effect of PLA/ZIF-8 nanofiber membranes on
drug release in the simulated physiological environ-
ment was studied. PBS buffer solution with different
pH (pH 7.4 and pH 5.5) was prepared. One gram of
PLA/ZIF-8 nanofiber membranes loaded with the

Secondy
growth

PLA/ZIF-8

Zn* solution
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drug was put into a buffer solution, and the drug was
released under the condition of constant temperature
37 °C with constant shaking. Then, the release status
of the drug was indexed by measuring OD values at
/=600 nm at regular intervals using a UV spec-
trophotometer. The release curve was drawn between
the cumulative release percentage and time by the
concentration corresponding to the OD value. PLA/
ZIF-8 nanofiber membranes with different growth
concentrations (0.04, 0.08, 0.12, 0.16, 0.20 and
0.24 mol-L™") were added to PBS solution with pH
5.5, and the OD value was measured at the same time
interval.

Kinetics of drug release

Drug delivery characteristics were very important
drug delivery systems in drug design. To analyze the
mechanism of the process of sustained release, a
kinetic model was usually used to describe the
mechanism of sustained release [36]. For many drug
delivery systems, the drug release process could
usually be modeled using the classic Fick diffusion
equation with appropriate boundary conditions or
using a simplified Higuchi expression. Higuchi model
described the release of a drug from an insoluble
matrix as the square root of a time-dependent process
based on the Fickian diffusion (Eq. 2) [37]:

Q: = Kyct'? (2)

where Q; is the amount of drug released in time ¢;
Ky is the release rate constant for the Higuchi
model.

The Korsmeyer-Peppas model was one of the most
ideal models for the analysis of drug sustained
release in porous materials which could describe
more comprehensively the kinetics of drug release
from the matrices [38]. The Korsmeyer—Peppas model
was expressed as:

AZZI—; = Kipt" (3)
where Mii is the cumulative release of the drug at time
t, Kip is the kinetic constant, and 7 is the diffusion
constant. The dynamic mechanism was determined
by n, and when n < 0.50, the mechanism of drug
release mechanism was consistent with the Fickian
dispersion mechanism. When 0.50 <#n <1, non-
Fickian diffusion mechanism was observed. When
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n>1, it was found to the skeleton corrosion
mechanism.

Results and discussion
Characterization

The effect of the incubation time for the morphologies
of PLA/ZIF-8 nanofiber membranes is shown in
Fig. 2a—c in which the incubation time was 6 h, 12 h
and 18 h, respectively. The uneven distribution of
ZIF-8 particles on the nanofibers could be observed
very clearly in Fig. 2a, and the amount of ZIF-8 par-
ticles increased with incubation time prolonged. The
concentration of 2-MIM in the secondary growth
condition of ZIF-8 particles significantly affected the
morphologies of nanofiber membranes. The size of
ZIF-8 increased with the improvement of the amount
of the 2-MIM concentration in the condition of the
same incubation time (18 h), which could be obtained
from Fig. 2d—f. The entire nanofiber was covered
with the ZIF-8 particles, when the incubation was
18 h and the concentration of 2-MIM was 0.24 mol/L.
As shown in Fig. 2g, the presence of Zn and N ele-
ments indicates that the ZIF-8 particles had grown
successfully in the surfaces of PLA nanofiber
membranes.

FT-IR spectra of the PLA and PLA /ZIF-8 nanofiber
membranes are shown in Fig. 3a. The spectrum of
PLA/ZIF-8 nanofiber membranes showed all the
characteristic bands of the functional groups of PLA
with additional peaks at 1754 cm™' and 1454 cm ™"
which were assigned to the C=O stretching and the
C-H bending vibration, respectively. The peaks at
1182 cm™' and 1086 cm™' were assigned to the
symmetric and asymmetric mode of C-O-C stretch-
ing, respectively [39]. The presence of the new peaks
at 3185 cm™! and 2995 cm™! in the spectra of the
PLA /ZIF-8 nanofiber membranes, which arose from
the aromatic and aliphatic C-H stretching of imida-
zole, together with the appearance of the amide
group (1595 cm™"), illustrated the successful incor-
poration of ZIF-8 into the nanofiber membranes
[40, 41]. The chemical composition changes of PLA
nanofiber membranes were confirmed by XPS anal-
ysis. As shown in Fig. 3¢, C1; spectra of PLA nano-
fiber membranes were comprised of three major
peaks at 288.78 eV, 286.68 eV and 284.58 eV, corre-
sponding to the C=0 group, C-O-C group and C-C
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Figure 2 SEM images of PLA/ZIF-8 nanofiber membranes a 6 h, b 12 h, ¢ 18 h, d 0.08 mol-L™!, e 0.16 mol-.L™?, f 0.24 mol-L™ 1. EDS

images of g PLA/ZIF-8 nanofiber membranes.

bonds, respectively. It could be seen that elements N
and Zn emerge in the XPS spectra of the PLA/ZIF-8
nanofiber membranes, which was consistent with
EDS images. The high-resolution spectra and corre-
sponding XPS data of N 1 s and Zn 2p peaks, shown
in Fig. 3g and h, signified that the pyridinic N
(398.68 eV), pyrrolic N (400.08 eV) and Zn-N bond
(1044.28 eV and 1021.28 eV) were introduced onto
the PLA/ZIF-8 nanofiber membranes, indicating that
the ZIF-8 had been successfully coated onto the sur-
face of nanofiber membrane surface [42, 43]. Another
important observation was that the content of C-C
bond in the PLA/ZIF-8 nanofiber membranes sig-
nificantly increased. This phenomenon demonstrated
that the amount of the organic ligand on the mem-
brane surface ascends, which was in agreement with
the morphology analysis.

Figure 4a shows the thermal gravimetric curves of
PLA, PLA/ZIF-8 and PLA/ZIF-8-APS nanofiber
membranes for a temperature range of 30-1000 °C in
which the mass content of ZIF-8 in the nanofiber
membranes had been tested. It was clear that the
mass loss of PLA nanofiber membranes ranged from
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150450 °C and the residual mass at 800 °C was
4 wt% [44]. This temperature (150 °C) was almost the
same as the melting point of PLA, which indicated
that the TG measurement in this work was reliable.
As for the PLA/ZIF-8 nanofiber membranes, there
are two clearly separated mass loss stages in the
range of 150 ~ 300 °C and 300-450 °C which were
corresponding to pyrolysis of PLA nanofibers and
degradation of ZIF-8 particles, respectively [45]. The
residual mass of two samples of PLA/ZIF-8 nanofi-
ber membranes was 38 wt% (12 h) and 40 wt% (18 h)
when the ZIF-8 began to degrade, respectively. The
highest content of ZIF-8 particles in the PLA/ZIF-8
nanofiber membranes (18 h) was almost 36%. It could
be observed that the content of ZIF-8 particles in the
nanofiber membranes increased slightly with the
extension of incubation time corresponding to the
result of SEM images, which further proved the
success of ZIF-8 in situ growth on PLA nanofibers
membranes. Compared with other samples, the TG
curve of APS lost weight at 60 degrees due to the
degradation of APS, indicating that APS was suc-
cessfully loaded on the composite membrane.
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Figure 3 a FT-IR spectra and b XPS spectra of the PLA/ZIF-8
and PLA nanofiber membranes. XPS characterization of PLA
nanofiber membrane illustrating ¢ C 1s, d N 1s and e Zn 2p peak

The crystallization property of pristine PLA nano-
fiber membranes was compared with that of the
composite membrane, shown in Fig. 5b. The diffrac-
tion pattern for PLA nanofiber membranes showed
one sharp peak 17.8° and two blunt peaks 24.6°, 25.8°
which were associated with (200/110), (213) and (116)
crystallographic planes which indicated PLA crystals
were the typical orthorhombic crystal, respectively
[46, 47]. As previously reported, the XRD spectra of
ZIF-8 particles showed a typical ZIF-8 characteristic
peaks (011), (002), (112) and (222) at around 7.3°,

1
4

Binding Fnergy (eV)

L 1 A 1 2
298 396 JUL 1045 1040 1035 1030 1025

Binding Energy (eV)

analysis. XPS characterization of PLA/ZIF-8 nanofiber membrane
illustrating f C 1s, g N 1s and h Zn 2p peak analysis.

10.4°, 12.8° and 18.1°, respectively [48, 49].
It was rather remarkable that there were three char-
acteristic peaks of ZIF-8 particles (7.3°, 10.4° and
12.8°) in the spectrogram of the PLA /ZIF-8 nanofiber
membranes indicating that all the diffraction peaks of
PLA /ZIF-8 nanofiber membranes were well indexed,
which revealed the successful growth of ZIF-8 on the
surface of PLA nanofiber membranes. The porosity of
PLA/ZIF-8 nanofiber membrane was further inves-
tigated by N, physisorption. The nitrogen-sorption
isotherm of PLA/ZIF-8 nanofiber membranes
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Figure 5 True color confocal | (a)
microscope images and WCA

of nanofiber membranes. a and
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adsorption—desorption isotherms and d the micropore size
distribution curves of PLA/ZIF-8 and PLA/ZIF-8-APS nanofiber
membranes.

®) © @

(18 h).

exhibited a type I with a sharp rise of nitrogen uptake
at the low pressure, which was characteristic of
microporous materials. The size distribution of
microporous was evaluated by the HK models. Fig-
ure 4d shows that there were multiple peaks in the
micropore size distribution curve of PLA/ZIF-8
nanofiber membranes, which can be attributed to the
uneven growth of ZIF-8, and the average pore size
was about 0.7 nm. The specific surface area of PLA/
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ZIF-8 nanofiber membranes decreased dramatically
from 1174.7 to 32.5 m2~g_1 with the presence of APS,
indicating that the PLA/ZIF-8 had excellent drug
encapsulation performance.

Hydrophilicity and surface roughness

Surface roughness played an important role in the
wettability of the membrane surface. According to
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Table 1 Surface roughness

PLA/ZIF-8 (6 h)

PLA/ZIF-8 (12 h) PLA/ZIF-8 (18 h)

and WCA of the nanofiber Sample PLA
membrane Ra (um) 0.663
0* (°) 129

0.967

52

1.293
47

1.757
31

100

Figure 6 The effect of pH
value a and the 2-MIM
concentration b on release of
APS.

APS release (%)

100

—=— (.24 mol/L
——0.20 mol/L
40 —4—0.16 mol/L
—¥—0.12 mol/L
—4—0.08 mol/L
—<¢—0.04 mol/L.

APS release (%)

20

Time (h)

0 1 1 1 1 ! ! 1
30 40 50 60 70 80
Time (h)

Table 2 Zero-order, first-

order, Higuchi and Sample  Zero-order kinetic ~ First-order kinetic =~ Higuchi model =~ Korsmeyer—Peppas model
Korsmeyer—Peppas kinetics K, R2 K, R2 Kic R2 n K R2
models of drug release from

PLA/ZIF-8 nanofiber pH55 6.13 0.963 0.12 0.929 3030 0942 0.61 18.96 0.983
membranes pH74 1.69 0.928 0.09 0.862 8.60 0985 048 7.90 0.981

the Wenzel equation, the wettability of the membrane
surface will change with the change of surface
roughness [50]:

(4)

where 0 and 0 represent the WCA of the rough
surface and flat surface, respectively, and R, repre-
sents the roughness coefficient. The influence of
preparation conditions on the surface roughness of
PLA /ZIF-8 nanofiber membranes was studied, and
the results are shown in Fig. 5 and Table 1. The
nanofiber membranes changed from hydrophobicity
to hydrophilicity, and the hydrophilicity became
stronger with the content of ZIF-8 particles increasing
on the nanofiber membranes. According to Fig. 5e
and f, it was evident that the surface roughness of
PLA/ZIF-8 nanofiber membranes was higher than
that of the pure PLA nanofiber membranes. Accord-
ing to the Wenzel equation, for hydrophilic materials,
the water contact angle would decrease with the
increase in surface roughness [51-53]. With the pro-
longed incubation time of ZIF-8 particles, the
roughness of nanofiber membranes got improved
significantly as the description in the Wenzel equa-
tion that the R, value would rise with the increase in

cos 0" = R, cos 0

the 0" value. The main reason was that pure PLA
nanofiber lacks hydrophilic groups and showed
hydrophobicity. As the surface area of the nanofiber
membranes with ZIF-8 particles increased, the con-
tact area between ZIF-8 particles and water droplets
increased due to hydrophilicity.

Drug release study

Figure 6 shows the cumulative release profiles of
PLA /ZIF-8 nanofiber membranes. In neutral PBS, the
cumulative release of APS was only about 40% even
after 72 h at pH values of 7.4, in which APS was
released in a very slow fashion from Fig. 6a. In con-
trast, it could be obviously seen that the system
showed a faster drug release rate and more than 89%
of the APS was released after 72 h at pH values of 5.5,
exhibiting pH-responsive release capability. The high
loading efficiency of the encapsulation of APS into
PLA /ZIF-8 nanofiber membranes could reach up to
90% and the drug loading capacity could reach up to
460 mg-g~'. These results implied that the loss of
drug could be reduced during blood circulation (pH
7.4), while the drug release rate was suddenly accel-
erated after release into cancer cells. The drug release
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rate was influenced by the content of ZIF-8 particles
in the PLA /ZIF-8 nanofiber membranes. As shown in
Fig. 6b, the drug cumulative release rate decreased
with the concentration of 2-MIM increasing in the
same conditions, which proved that the presence of
ZIF-8 particles could effectively control drug release.
Thus, the encapsulated drug might be effectively
delivered to tumor tissues and cancer cells which
should mitigate significant side effects.

The process of the drug cumulative release less
than 80% was analyzed by mathematical models for
studying the drug release mechanism of PLA /ZIF-8
nanofiber membranes. According to Figure S7 and
Table 2, the drug release process at the pH value of
7.4 conformed to the Higuchi model in the four
kinetic models mentioned above, which indicated
that the APS release process was affected by diffu-
sion. In addition, the n exponent was 0.48 at the pH
value of 7.4 in the Korsmeyer-Peppas model further
indicating that the release system was dominated by
swelling diffusion [36]. It could be found from the
Korsmeyer-Peppas model that n exponent was 0.61
at pH values of 5.5 indicating that the release kinetics
process of the sustained-release system conformed to
the anomalous (non-Fickian) diffusion mechanism
which contained ZIF-8 skeleton dissolution and dif-
fusion. In the acidic condition (pH 5.5), the ZIF-8
skeleton dissolution and drug diffusion processes
occurred simultaneously, which was affected by the
dissolution rate of the ZIF-8 skeleton. At the same
time, the dissolution rate of the ZIF-8 skeleton was
slow, which seriously blocked the drug diffusion
process, achieving the purpose of controlling the
drug release in the neutral conditions (pH 7.4).

Conclusion

In summary, a PLA/ZIF-8 nanofiber membrane was
fabricated via secondary growth method and used
for the drug delivery. The morphology of the PLA/
ZIF-8 nanofiber membrane in the process of growth
was significantly affected by the incubation time and
ligand concentration, which can be observed by
scanning electron microscopy. A uniform layer of
ZIF-8 particles was covered on the surface of PLA
nanofiber membrane after incubated for 18 h in the
2-MIM  concentration of 0.4 mol-L™'.  The
hydrophilicity and roughness raised with the
increase in ZIF-8 content on the surface of nanofiber
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membrane. The pH-responsive release of ZIF-8 was
demonstrated by UV-Vis spectra. The kinetics fitting
curve showed that the dissolution and diffusion of
the ZIF-8 skeleton in an acidic solution resulted in a
faster release of the composite membrane in a mild
acidic buffer solution (pH 5.5). The prepared PLA/
ZIF-8 nanofiber membrane shows promising pro-
spects in the drug delivery.
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