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A B S T R A C T

Controlling the crystal size and surface chemistry of MOF materials, and understanding their multifunctional
effect are of great significance for the biomedical applications of MOF systems. Herein, we designed and syn-
thesized a new anionic MOF, ZJU-64-NSN, which features 1D channels decorated with highly polarized thia-
diazole groups, and its crystal size could be systematically tuned from 200 μm to 300 nm through a green and
simple approach. As a result, the optimal nanosized ZJU-64-NSN is found to enable an ultrafast loading of cationic
drug procainamide (PA) (21.2 wt% within 1 min). Moreover, the undesirable chemical stability of PA@ZJU-64-
NSN is greatly improved by the surface coating of polyethylene glycol (PEG) biopolymer. The final drug delivery
system PEG/PA@ZJU-64-NSN is found to effectively prevent PA from premature release under the harsh stomach
environments due to the intense host-guest interaction, and mainly release PA to the targeted intestinal sur-
roundings. Such controlled drug delivery is proved to be triggered by endogenic Naþ ions instead of Hþ ions, well
revealed by the study on the dynamics behavior of drug release and UV–Vis absorption spectrum. Good
biocompatibility of ZJU-64-NSN and PEG-coated ZJU-64-NSN has been fully demonstrated by MTT assay as well
as confocal microscopy imaging.
1. Introduction

Procainamide (PA), one of the most helpful antiarrhythmic medica-
tions [1], is mainly administered by injection or oral delivery. However,
some adverse effects such as infection, hypotension and even shock are
very likely to occur if PA is adopted via injection. In addition, quite a few
patients suffer from the fear of injection. By enabling painless
self-administration, oral delivery is much more preferred way due to its
convenience, light patient compliance and cost-effectiveness. Actually,
PA holds the short half-life period and must be dosed every 3–4 h [2,3].
High dose of oral PA is often associated with nausea, vomiting and
diarrhoea. Most importantly, developments of oral PA delivery have been
seriously hindered by the gastrointestinal (GI) tract challenge [4]. PA via
individual oral is generally degraded under the harsh gastric environ-
ments thereby limiting its transport across the intestinal epithelium into
the bloodstream. Advancing efforts dedicated to developing desired drug
carriers thus aim to achieve safe and controlled oral PA delivery.

Microporous metal-organic frameworks (MOFs) are a novel class of
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hybrid functional materials, self-assembled from various organic linkers
and metal ions/clusters. The modular nature of MOFs endows them with
powerful tunability of pore structure and chemistry, thus popularizing
their applications including gas separation [5], [-8] sensing [9–12] and
catalysis [13,14]. Particularly, tremendous potentials of MOF materials
have been exhibited as drug carriers [15–26] sinceMIL-101 was explored
for the first time in 2006 by Ferey and co-workers [27]. Growing evi-
dence has shown that the properties of MOFs highly depend on their
crystal size and surface functionalities [28,29]. In fact, extensive re-
searches have focused on nanosized MOF materials, and the results
indicate that nanoparticles can accelerate adsorption/desorption kinetics
and improve bioavailability relative to their bulk counterparts [30,31].
Moreover, particles less than 1 μm in size could be transcytosed better by
cells [32]. Unfortunately, it is still great challenging for some potential
MOFs used for drug carriers, like bio-MOF series [33], to obtain the
crystal material with nanoscale size.

Additionally, specific functionalization is one of the most important
steps for tuning the properties of MOFs which determines the success in
(S. Lin).
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their applications to a great degree [34–36]. The primary barrier for oral
drug carriers is to achieve the fast loading with high drug capacity. There
are two general methods for MOFs to encapsulate cargos. One is one-pot
synthesis, applying to some MOFs grown at room temperature like
ZIF-8,37 otherwise the activity of drugs might be affected at too high
synthesis temperature. The other is universal immersing method, which
is generally time-consuming for most MOFs. For example, it takes 15 days
for PA to be encapsulated into bio-MOF-1,38 and 6 days for Ibuprofen to
be loaded into MOF-74-Fe(III) [39]. It is thus of practical significance to
explore the feasibility of fast drug loading upon MOF carriers. PA
commonly used as its hydrochloride, is one kind of cationic drug, and
conventionally time-consuming for encapsulation within neutral MOFs
by reason of their weak host-guest interaction. By contrast, anionic MOFs
seem to enable the fast PA loading driven by strong electrostatic affinity.
In addition, GI challenge is another barrier for oral drug delivery that oral
drug need be prevented by nano carriers from degradation in the harsh
gastric environments and further be mainly assimilated in intestinal
surroundings [40]. But in fact, the chemical stability of most MOF car-
riers is inadequate in the harsh stomach environments, let alone the
achievement of controlled PA release [41,42]. Taken together, it reveals
a daunting challenge but necessary to achieve desired oral PA delivery.

In this work, we successfully designed and synthesized a new anionic
MOF, ZJU-64-NSN, isostructural to ZJU-64-CH3, which features 1D
channels decorated with rich highly polarized thiadiazole groups. The
crystal size of ZJU-64-NSN could be systematically tuned from 200 μm to
300 nm through a green and simple approach named thermal-stirring
method. As a result, the anionic network of nanosized ZJU-64-NSN
lined by rich thiadiazole groups enables an ultrafast cationic PA
loading (21.2 wt% within 1 min), thus revealing the practical signifi-
cance of ZJU-64-NSN as a drug carrier. Moreover, the undesirable
chemical stability of PA@ZJU-64-NSN has been greatly improved after
the post-modification by the nontoxic and nonimmunogenic poly-
ethylene glycol (PEG) biopolymer. The optimal delivery system PEG/
PA@ZJU-64-NSN is found to
Scheme 1. Synthesis of PEG/PA@ZJU-6
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effectively prevent PA from early release under the simulated stom-
ach environments with the presence of stomach acid and pepsin, and
finally release PA under the simulated physiological conditions (Scheme
1). The dynamics study on drug release behavior reveals the mechanism
of controlled PA release is mainly due to the ion exchange with endo-
genic Naþ ions instead of Hþ ions. Apart from that, good biocompatibility
of ZJU-64-NSN and PEG-coated ZJU-64-NSN has been fully demon-
strated by MTT assay as well as confocal microscopy imaging.

2. Experimental section

2.1. Synthesis routes to the organic linker H2BTDBA

Synthesis of dimethyl 4,4'-(benzo[c][1,2,5]thiadiazole-4,7-diyl)
dibenzoate (2): 4,7-dibromo-4,7-dihydrobenzo [c][1,2,5]thiadiazole
(4.4 g, 15 mmol), 1 (14.41 g, 45 mmol), K2CO3 (27.8 g, 200 mmol) were
mixed in 1,4-dioxane (100 mL) and the mixture was stirred for half an
hour at room temperature purging with argon meantime. After that,
Pd(PPh3)2Cl2 (0.3 g, 0.4 mmol) was added and then the mixture was
stirred at 85 �C for 3 d under argon. The resultant mixture was extracted
with CHCl3 and water three times after the reaction was cooled down.
Anhydrous MgSO4 was used for drying the organic phase and the organic
phase was removed under reduced pressure. The crude product was
purified with toluene recrystallization to obtain the pure dimethyl 4,4'-
(benzo[c][1,2,5]thiadiazole-4,7-diyl)dibenzoate (2). Yield: 2.5 g. Syn-
thesis of 4,4'-(benzo[c][1,2,5]thiadiazole-4,7-diyl)dibenzoic acid (3):
The product dimethyl 4,4'-(benzo[c][1,2,5]thiadiazole-4,7-diyl)diben-
zoate (2) (1 g, 2.5 mmol) was suspended in a mixture of 100 mL of 10 M
NaOH aqueous solution and THF (20 mL). The mixture was stirred under
reflux overnight and the THF was removed under reduced pressure. The
pH value of the mixture was adjusted to 3 by Dilute HCl. The solid was
collected by filtration, washed with water until the pH value up to 7, and
dried at 65 �C to get H2BTDBA. Yield: 0.8 g (85%); 1H NMR (500 MHz,
DMSO), δ ¼ 8.06 (s, 2H), 8.10 (d, 4H), 8.15 (d, 4H).
4-NSN and PA controlled delivery.
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2.2. Size controlled of ZJU-64-NSN

2.2.1. Synthesis of ZJU-64-NSN (200 μm)
28 mg of H2BTDBA, 8 mg of adenine and 73 mg of Zn(NO3)2⋅6H2O

were mixed into the DMF solution (12 mL) as well as the deionized water
(1 mL) and nitric acid (40 μL). The mixed solution were ultrasonic mixing
uniformly. The resulting solution was heated at 130 �C for 24 h. After the
mixture was cooled and washed with fresh DMF, yellow crystals were
obtained as ZJU-64-NSN.

2.2.2. Synthesis of ZJU-64-NSN (4 μm)
28 mg of H2BTDBA, 8 mg of adenine and 73 mg of Zn(NO3)2⋅6H2O

were mixed into the DMF solution (12 mL) as well as the deionized water
(1.1 mL) and nitric acid (40 μL). The mixed solution was ultrasonic
mixing uniformly and stirred at 130 �C for 24 h. The resulting yellow
powder was collected by centrifugation at 13,000 rpm for 10 min and
washed with DMF and methanol three times. The yellow powder was
soaking in DMF and methanol overnight and then dried at 60 �C to get
the dried powder.

2.2.3. Synthesis of ZJU-64-NSN (1 μm)
28 mg of H2BTDBA, 8 mg of adenine and 219 mg of Zn(NO3)2⋅6H2O

were mixed into the DMF solution (12 mL) as well as the deionized water
(1 mL) and nitric acid (40 μL). The mixed solution was ultrasonic mixing
uniformly and stirred at 130 �C for 24 h. The resulting yellow powder
was collected by centrifugation at 13,000 rpm for 10 min and washed
with DMF and methanol three times. The yellow powder was soaking in
DMF and methanol overnight and then dried at 60 �C to get the dried
powder.

2.2.4. Synthesis of ZJU-64-NSN (300 nm)
28 mg of H2BTDBA, 8 mg of adenine and 292 mg of Zn(NO3)2⋅6H2O

were mixed into the DMF solution (12 mL) as well as the deionized water
(1 mL) and nitric acid (40 μL). The mixed solution was ultrasonic mixing
uniformly and stirred at 130 �C for 24 h. And the resulting yellow powder
was collected by centrifugation at 13,000 rpm for 10 min and washed
with DMF and methanol three times. The yellow powder was soaking in
DMF and methanol overnight and then dried at 60 �C to get the dried
powder.

2.3. Encapsulation of drug procainamide hydrochloride (PA)

The PA was encapsulated into the ZJU-64-NSN (300 nm) by
immersing 20 mg of ZJU-64-NSN into 10 mL of deionized water PA so-
lution (20 mg mL�1) at room temperature under stirring for 1 min, 30
min and 24 h. The PA loaded ZJU-64-NSN (PA@ZJU-64-NSN) was
collected by centrifugation at 10,000 rpm for 10 min. And PA@ZJU-64-
NSN was washed three times with water and dried in the vacuum oven.
The drug loading capacity was measured by 1H NMR spectroscopy.

2.4. Decoration of PA@ZJU-64-NSN with mPEG-NH2

40 mg of mPEG-NH2 (Mn ¼ 5000) was dissolved in 4 mL methanol
(anhydrous, 99.8%). 30 mg PA@ZJU-64-NSN was dispersed into the
above solution under stirring. Once PA@ZJU-64-NSN and mPEG-NH2

were mixed, stirring was terminated. The solution was standing at 37 �C
for 24 h, and the samples were collected by centrifugation, washed
several times with water and methanol, and dried overnight at room
temperature to obtain PEG/PA@ZJU-64-NSN.

3. Results and discussion

3.1. Structural characterization of ZJU-64-NSN

The organic linker 4,4'-(benzo[c][1,2,5]thiadiazole-4,7-diyl)diben-
zoic acid (H2BTDBA) was synthesized via Suzuki coupling, followed by
3

hydrolysis and acidification, as shown in Fig. 1a and Figure S1. Reaction
H2BTDBA (Fig. 1c) and adenine with Zn(NO3)2⋅6H2O afforded yellow
bulk crystals ZJU-64-NSN. The powder purity of ZJU-64-NSN was ob-
tained by powder X-ray diffraction analysis, suggesting that the structure
of ZJU-64-NSN is isostructural to the series of.

ZJU-64 (Fig. 2b) [43–45]. The zinc-adenine cluster (Fig. 1b) inter-
connect with multiple BTDBA2� linkers to form the three-dimensional
(3D) framework of ZJU-64-NSN (Fig. 1d). Most importantly, 1D chan-
nels of ZJU-64-NSN are decorated with highly polarized thiadiazole
groups running along c axis with a size of about ~12.2 Å � 12.2 Å, quite
suitable for the further encapsulation of PA (Figure S3) [46].

3.2. Size-controlled synthesis of ZJU-64-NSN

In order to make a desired drug carrier, it is strongly recommended
for downsizing the crystal of ZJU-64-NSN from millimeter scale to
nanoscale, but quite difficult for well size-control of such complex MOF
systems [47]. To overcome such difficulties, a convenient method called
heat-stirring synthesis via accelerating the nucleation rate was attempted
to tune the crystal size of ZJU-64-NSN. Finally, by introducing agitation
during the crystal nucleation and growth, we successfully well-control
the crystal size of ZJU-64-NSN from 200 μm to 5 μm along with a satis-
factory rectangular morphology, evidenced by scanning electron micro-
scope (SEM) images (Fig. 2a). The crystal size of ZJU-64-NSN was further
reduced from 5 μm to 300 nm by increasing the proportion of Zn2þ

(Fig. 2a), which probably because the nucleation rate of ZJU-64-NSNwas
accelerated. Moreover, PXRD analysis reveals that ZJU-64-NSN with
various crystal sizes holds the same structure, as revealed by their same
patterns observed in Fig. 2b. The nanosized crystal of ZJU-64-NSN
(~300 nm) was further verified by dynamic light scattering (DLS) in
Figure S4, and such desired nanosizedMOFwas employed for subsequent
study of drug loading and delivery.

3.3. Ultrafast drug loading properties of nanosized ZJU-64-NSN

Encouraged by the anionic framework lined by highly polarized
thiadiazole groups, appropriate pore volume and nanosized particle of
ZJU-64-NSN, we first evaluate its drug loading kinetics behavior of a
cationic model drug PA. Before cargo encapsulation, the as-synthesized
ZJU-64-NSN was exchanged sufficiently by DMF and methanol succes-
sively to remove the unreacted organic ligand. Then, the drug encapsu-
lation procedure was proceeded in aqueous solution of PA with vigorous
stirring for 1 min, 30 min, and 24 h respectively. 1H NMR analyses
indicate that the PA loading capacities of ZJU-64-NSN are almost equal
up to 0.21 g/g regardless of 24 h, 0.5 h or 1 min (Figure S6-S8), revealing
the cationic drug PA encapsulation within ZJU-64-NSN can fast reach the
saturation within 1 min. Such fast drug loading along with moderately
high cargo capacity suggests the very promising drug carrier of ZJU-64-
NSN among ever reported MOF drug carriers (Table S2) [37–39,48]. The
diffraction peak positions of PXRD pattern remain almost unchanged
before and after the PA encapsulation (Fig. 2b), indicating the structural
integrity of MOF could be held during the PA loading process. Moreover,
the Fourier transform infrared (FTIR) spectrum analysis (Fig. 2c) shows
that the characteristics bimodal bands at 3401.2 and 3321.1 cm�1,
attributed to the –NH2 stretching vibration of PA were observed in
ZJU-64-NSN after PA loading. Besides, the Brunauer-Emmett-Teller
(BET) surface area of ZJU- 64-NSN decreased from 945 m2 g-1 to 7 m2

g�1 after PA loading (Fig. 3a). These results further confirmed the suc-
cessful encapsulation of PA within ZJU-64-NSN.

3.4. Surface modification of PA@ZJU-64-NSN with PEG polymer

In addition to the drug loading ability, the drug delivery needs
nanocarriers to bear a desired chemical stability under the biorelevant
conditions [49]. We thus explore the chemical stability of
PA@ZJU-64-NSN in simulated physiological conditions



Fig. 1. (a) Synthetic routes to the organic linker H2BTDBA. Crystal structure of ZJU-64-NSN: (b) the Zn8 cluster; (c) the organic linker H2BTDBA; (d) the 1D pore
channels with a size of about ~12.2 Å � 12.2 Å viewed from the c axis (C, dark gray; O, red; Zn, cambridge blue; N, blue; S, green; H atoms are omitted for the clarity).

Fig. 2. (a) SEM images of ZJU-64-NSN with particle size of 200 μm, 5 μm, 1 μm and 300 nm. (b) PXRD patterns of ZJU-64-NSN samples with different sizes; PA@ZJU-
64-NSN and PEG/PA@ZJU-64-NSN after immersing in PBS 7.4 and 2.0 for overnight. (c) FTIR spectra of ZJU-64-NSN, PA@ZJU-64-NSN, and procainamide.
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(phosphate-buffered saline also known as PBS solution with pH 7.4 at 37
�C). As shown in Fig. 2b, PXRD analyses indicate that PA@ZJU-64-NSN
seriously degrade after soaking in such conditions for overnight, likely
as a consequence of the exchange of the organic linker with phosphates
[50]. It thus reveals the inadequate chemical stability of
PA@ZJU-64-NSN for further oral PA delivery. Modifying the surface of
drug carriers with nontoxic and nonimmunogenic biopolymers like PEG
series is the most commonly method to protect NPs from premature
clearance [51–55]. We describe the surface coating of mPEG-NH2 onto
PA@ZJU-64-NSN through a green functionalization process. The pres-
ence of PEG coating was direct evidenced by FTIR analysis. The char-
acteristic adsorption bands at 2885 and 1115 cm�3 attributed to the
–O-CH3 and -C-O-C-stretching vibrations from free PEG were observed in
PEG coated PA@ZJU-64-NSN with a slight shift, but not found in un-
coated PA@ZJU-64-NSN, thus confirming the successful PEG coating
(Fig. 3b) [55]. Interestingly, PA@ZJU-64-NSN after the PEG coating
clearly show an improved chemical stability relative to uncoated
PA@ZJU-64-NSN, as evidence by PXRD analyses (Fig. 2b), in which
4

PEG/PA@ZJU-64-NSN remain stable even under PBS solution (pH 2.0)
for overnight. Such results confirm the good chemical stability of
PEG/PA@ZJU-64-NSN thanks to the shielding effect of PEG coating [53],
thus satisfying the stability requirement of nanocarriers for the oral drug
delivery.

3.5. Controlled drug delivery properties and mechanism of PEG/PA@ZJU-
64-NSN

The sustained PA release behavior at 37 �C from PEG/PA@ZJU-64-
NSN were investigated in PBS solutions at pH 7.4 and 2.0 respectively,
and the release profiles were measured by using Ultraviolet–visible
(UV–vis) method. Clearly, the release of PA from PEG/PA@ZJU-64-NSN
was effectively inhibited at pH 2.0, as shown in Fig. 3c, with only ~20%
of amount was detected after sustained release 50 h. Conversely, it
significantly accelerated when pH value was increased to 7.4, and over
70% PA was released just after 10 h, exhibiting a “hypothetical” reverse
pH- controlled drug delivery. To further confirm the mechanism of PA



Fig. 3. (a) The N2 adsorption isotherms at 77 K of ZJU-64-NSN, PA@ZJU-64-NSN and PEG/PA@ZJU-64-NSN. (b) FTIR spectra of PEG, PEG/PA@ZJU-64-NSN, and
PA@ZJU-64-NSN. (c) Drug release profile of PEG/PA@ZJU-64-NSN in PBS 7.4 and 2.0. (d) Drug release mechanism of PEG/PA@ZJU-64-NSN. (e) Drug release profile
of PEG/PA@ZJU-64-NSN in gastrointestinal simulation fluid. (f) MTT assay of ZJU-64-NSN and PEG@ZJU-64-NSN.
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release from PEG/PA@ZJU-64-NSN, we accordingly conducted the
release experiments in deionized water solutions of relevant pH values
configured by hydrochloric acid (Fig. 3d). Unexpectedly, there was only
slight amount of PA detected and no apparent difference was observed in
both deionized water solution with or without 0.01 M Hþ, thus revealing
Hþ could not trigger the release of PA from PEG/PA@ZJU-64-NSN.
Actually, it is not difficult to understand that there are strong host-
guest interactions between cationic PA and anionic MOF framework.
Moreover, such strong interaction would be further strengthened due to
the protonation of PA in more acidic conditions, verified by.

UV–Vis spectrum analyses of PA in various PBS solutions (Figure S9).
In other words, the interaction between PA and ZJU-64-NSN would be
enhanced with the concentration increase of Hþ, further restraining PA
release within the anionic MOF framework. We thus further explore
other potential factors that could trigger the release of PA from PEG/
PA@ZJU-64-NSN. It is worth noting that the significant difference of
PBS solutions at pH 7.4 and 2.0 is not only the concentration of Hþ, but
also the concentration of Naþ. Actually, PBS solution at pH 2.0 features
the low Naþ concentration (~0.006 M) while over 0.1 M (~0.14 M)
concentration of Naþ is observed in PBS solution at pH 7.4 [56]. As far as
we know, other metal cation such as Kþ in PBS do not have such sig-
nificant concentration differences between pH 7.4 and pH 2.0. Hence,
Naþ aqueous solution was selected for further explore the PA delivery
mechanism. As expected, over 80% PA was rapidly released from
PEG/PA@ZJU-64-NSN in aqueous solution with 0.1 M Naþ after 10 h,
further confirming the release of PA is mainly attributed to Naþ ion. Such
controlled release is very likely driven by cation exchange due to the
moderate size of Naþ and stronger host-guest interaction.

Considering the barrier of harsh stomach environments is not limited
to the gastric acid, pepsin might also hinder the oral PA delivery [57]. A
simulated stomach solution (gastric acid and pepsin included) was thus
employed to evaluate the PA release of PEG/PA@ZJU-64-NSN. As shown
in Fig. 3e, relative to the accelerated cargo release in simulated physio-
logical condition, the low amount of released PA after exposure to such
harsh stomach conditions further demonstrates the intense host-guest
5

interaction. The study on dynamics behavior of drug release has well
demonstrated the desired oral drug carrier of PEG-coated ZJU-64-NSN,
overall consideration of the protect ability of cationic drug in stomach
and the motivation effect of drug release to the target intestine position.

3.6. Biocompatibility of PEG-coated and uncoated ZJU-64-NSN

In view of biological applications, the cytotoxicity of ZJU-64-NSN
carrier and the impact of PEG coating on cell toxicity of ZJU-64-NSN
carrier were further evaluated by means of thiazolyl blue tetrazolium
bromide (MTT) assay [58]. Rat pheochromocytoma (PC12) cells were
selected here as a commonly employed cellular model for the incubation
with ZJU-64-NSN and PEG-coated ZJU-64-NSN with various concentra-
tion of 10 and 50 μg mL�1 for sustainable 24 h. As illustrated in Fig. 3f,
the cell viability is higher than 90% even at 50 μg mL�1 dose of
ZJU-64-NSN, thereby excluding any adverse effect for the cytotoxicity of
such nanosized MOF carrier. Particularly, almost no significant differ-
ences in cell viability were observed between the PEG-coated and un-
coated ZJU-64-NSN, thus exhibiting the good biocompatible and
nontoxic impact of PEG coating. Apart from MTT assay, confocal mi-
croscopy was selected for the cytotoxicity visualization based on the
enriched neuritis of PC12 cells. The microtubular cytoskeleton (red) and
the nuclei (blue) were stained by tubulin and 4,6-
diamidino-2-phenylic-dole (DAPI).

Accordingly. The morphology of individual PC12 cells, PC12 cells
incubating with ZJU-64-NSN and PEG-coated ZJU-64-NSN at both 50 μg
mL�1 was shown in Fig. 4. As expected, the appreciable neuritis exten-
sion of live PC12 cells convincingly indicated the negligible cytotoxicity
and good biocompatibility of ZJU-64-NSN and PEG-coated ZJU-64-NSN.

4. Conclusions

In summary, we have demonstrated the successful design and syn-
thesis of a new anionic MOF ZJU-64-NSN to achieve the controlled
cationic drug delivery. The drug loading results indicated the saturation



Fig. 4. Confocal microscopy images of individual PC12 cells (a1, a2, and a3), PC12 cells incubated with ZJU-64-NSN (b1, b2, and b3) and PEG-coated ZJU-64-NSN
(c1, c2, and c3) with the concentration of 50 μg mL�1 for incubation 24 h. Fluorescence field for a1, a2, b1, b2, c1, and c2 overlapped for a3, b3, and c3. Microtubular
cytoskeleton (tubulin, red) and nuclei (DAPI, blue) were stained, respectively. Scale bar, 20 μm.
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cationic drug PA encapsulation could be ultrafast achieved within such
anionic MOF network decorated by polarized thiadiazole groups.
Further, the surface coating of PEG remarkably improves the chemical
stability of PA@ ZJU-64-NSN when facing the GI tract. Most importantly,
PA encapsulated within PEG/PA@ZJU-64-NSN was effectively inhibited
from premature release under the simulated stomach environments, and
triggered by endogenic Naþ ions to release under the targeted intestinal
surroundings. Good biocompatibility of ZJU-64-NSN and PEG-coated
ZJU-64-NSN has been fully demonstrated by MTT assay as well as
confocal microscopy imaging. Ultrafast drug loading, excellent chemical
stability, good biocompatibility as well as the controlled drug delivery
make PEG-coated ZJU-64-NSN a very powerful oral drug carrier. Our
work here not only reports the construction of a nanosized MOFmaterial,
but offers the approach of using the surface engineering in the func-
tionalization of MOF carrier for particular oral drug delivery.
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