
Journal of Sciences, Islamic Republic of Iran 31(1): 51 - 62 (2020) http://jsciences.ut.ac.ir
University of Tehran, ISSN 1016-1104

51

The Effect of Silica Coating on the Drug Release Profile and
Biocompatibility of Nano-MOF-5

K. Tabatabaeian1*, M. Simayee1, A. Fallah Shojaie1, F. Mashayekhi2,
M. Hadavi2

1 Department of Chemistry, Faculty of Sciences, University of Guilan, Rasht, Islamic Republic of Iran
2 Department of Biology, Faculty of Sciences, University of Guilan, Rasht, Islamic Republic of Iran

Received: 15 July 2019 / Revised: 18 September 2019 / Accepted: 28 December 2019

Abstract
The purpose of this study was the surface modification of nano MOF-5 (NMOF-5) or

IRMOF-1 (Zn4O(C8H4O4)3) in order to prevent its rapid degradation in the phosphate-
buffered saline (PBS), along with the simultaneous increase in its biocompatibility. The
NMOF-5 sample was synthesized under the ultrasound irradiation and then it was
loaded with acetaminophen and ibuprofen. Each assembly (NMOF-5@drug) was then
coated with a silica layer. The obtained nanoparticles were identified by FT-IR
spectroscopy, N2 adsorption porosimetry (BET), X-ray powder diffraction (XRD), the
thermogravimetric analysis (TGA), and the field emission scanning electron microscopy
(FE-SEM). UV/Vis spectroscopy was used to determine the release profile of the drugs
from the bare and silica coated assemblies. Silica coating resulted in an enhanced
stability in PBS, and the sustained release of each drug was achieved within 3 days.
MTT (Methylthiazolyldiphenyl-tetrazolium bromide) assay on NIH3T3 mouse
embryonic fibroblast cells as a model of the cell line showed that silica coating NMOF-
5 with silica leads in the more biocompatibility and less cytotoxicity. The cell viability
was increased up to 100% for the silica coated NMOF-5 compared to the bare NMOF-5.
NMOF-5 and NMOF-5@silica were utilized in the injectable drug delivery for the first
time. In this study, the toxicological studies about silica coated NMOF-5 in the drug
delivery systems were developed.
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Introduction

Polymers play an important role in the human life
and they are used in a variety of applications such as
separation [1], sensors [2], biomedicine [3] and catalysts
[4].

Metal-organic frameworks (MOFs), also recognized
as porous coordination polymers, are the self-assembled
three-dimensional (3D) networks. They are constructed
from various metal ions or metal-containing clusters,
identified as the secondary building units (SBUs) and
multidentate organic linkers (such as carboxylates,
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sulfonates and tetrazolates) [5]. These crystalline porous
materials have attracted special interest of the scientists
for their intriguing structure, exceptionally great internal
surface areas, tailorable chemistry, permanent porosity
and tunable properties. Therefore, MOFs are well-
studied in many applications such as the catalysis [6, 7],
the separation [8], the gas storage [9], the chemical
sensing [10], the light harvesting [11] and the
biomedicine [12, 13].

Despite significant advances in biology and
medicine, current drug therapies are associated with
some limitations like the nonspecific targeting, poor
physiological stability, and low cell membrane
permeability [14]. So, in order to improve human health
care, the targeted drug delivery systems have been
studied in many scientific communities [15-17].
Generally, a sustained release of the drug over a
customizable period of time is highly favorable and this
can be achieved by using nano metal-organic
frameworks (NMOFs) as the novel drug carriers. Their
facile synthesis and biodegradable structure make them
the promising platforms for the drug delivery, compared
to the other nanocarriers [18].

The enhanced performance of amine functionalized
with MIL-101(Cr) {Cr3OH(H2O)2O(C8H4O4)3·nH2O}
for the loading and release of ibuprofen has been shown
by Formiga et al. [19]. The NH2-MIL-101(Cr)
{Cr3OH(H2O)2O[(COO)C6H3NH2(COO)]3·nH2O}
indicated a higher (10%) loading capacity and a lower
amount of release (10%) during the same period of time
(6 days), compared to MIL-101(Cr). Wu et al. prepared
the γ-Fe2O3@MIL-53(Al) {γ-Fe2O3@Al(OH)(O2C-
C6H4-CO2)} via pyrolysis of Fe(acac)3@MIL-53(Al)
[20]. The loading percentage of ibuprofen in γ-
Fe2O3@MIL-53(Al) was about 9.91 wt% and the release
time lasted for 5 days.

However, biomedical applications of NMOFs could
be affected by two key factors, namely, their stability
and surface modifiability. It has been reported that
coating with silica increases the blood circulation half-
life of the NMOFs [18]. When MIL-101(Fe)
{Fe3OH(H2O)2O(C8H4O4)3·nH2O} was modified with
amino-terephthalate ligands, followed by the
incorporation of cisplatin prodrug (12.8 wt%) and the
subsequent coating with a silica shell, the drug release
time was increased from 14 h to 72 h [21]. Despite their
promising potential for the drug delivery, NMOFs
should be monitored for their possible toxic effects on
the human health. In vitro experiments can be used in
order to study their cytotoxicity effects on the various
cell lines.

In the present study, nano MOF-5 (NMOF-5) or
IRMOF-1 (Zn4O(C8H4O4)3) was chosen because of its

instability in water, degradability in phosphate buffer
and novelty as a carrier for the injectable drugs.
Ibuprofen and acetaminophen were loaded in NMOF-5
and NMOF-5@silica for the first time. Moreover, the
toxicological studies about NMOF-5@silica were
explored for the first time. Afterward, NMOF-5 was
coated by silica to preserve them from rapid
degradability. Then, the release of the drugs and the
cytotoxicity of NMOFs were studied. NMOF-5@silica
was introduced as an efficient and novel carrier for the
drug delivery system, due to slowing down the drug
release and its non-cytotoxicity. Therefore, the
toxicological studies about the coated NMOF-5 by silica
were developed for the first time in the drug delivery
systems.

Materials and Methods

All the reagents and solvents were purchased from
Merck (Germany) and they were used without any
further purification. Ultrasound irradiation was
performed in an Elmasonic S ultrasonic cleaner with a
frequency of 40 KHz and a normal power of 250 W.
FT-IR spectra were recorded in KBr discs on an Alpha
Bruker FT-IR spectrophotometer. The Brunauer–
Emmett–Teller (BET) analyses were performed on the
Belsorp-mini II. X-ray powder diffraction (XRD)
patterns were recorded on an X’Pert MPD PRO powder
X-ray diffractometer, using Cu Kα radiation.
Thermogravimetric analyses were performed on a
Perkin-Elmer TGA 7 from 25 oC to 700 oC at a heating
rate of 10 °C.min-1 in the air. Field emission scanning
electron microscopy (FE-SEM) was carried out using a
MIRA3 TESCAN-XMU with the gold coating. UV/Vis
spectra were recorded on a Beijing Rayleigh UV-1800
UV/Vis Spectrophotometer. The cell viability was
determined using an ELISA plate reader (Biotek,
Winooski, VT) at 490 nm with a reference wavelength
of 630 nm.

Synthesis of the NMOF-5
The NMOF-5 nanoparticles were synthesized based

on a previously reported procedure with a slight
modification [22]. The supplementary details were
presented in the supporting information file, according
to the Scheme 1.

Drug loading
Incorporation of the drugs into the NMOF-5 was

achieved through the following procedure: Two
alcoholic solutions of acetaminophen (0.40 g in 16 mL)
and ibuprofen (0.40 g in 12 mL) were prepared. The
NMOF-5 (0.20 g) was added to each solution and the
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mixture was stirred for 24 h, while the measures were
taken to prevent the solvent evaporation. Then, the
solids were then separated by centrifugation at 4000
rpm for 5 min. They were washed with ethanol (35) to
remove the excess drug, and they were also dried at 60
°C overnight to eliminate the traces of ethanol.

Silica coating on the drug-loaded NMOFs
The drug-loaded NMOF-5 samples were covered

with a silica layer according to a previously reported
study, with minor modifications [23]. The overall
process was presented in details in the supporting
information file, according to Scheme 2.

Preparation of the calibration curves
The Standard solutions of acetaminophen and

ibuprofen with the concentrations of 5, 15, 25, 35 and

50 μg.mL-1 in PBS were prepared. The absorbance was
plotted against the concentration at 242 nm for
acetaminophen and at 222 nm for ibuprofen. The
corresponding calibration curves were presented in the
supplemantry files (Figures S1, S2).

The drug release tests
0.04 g of each drug loaded sample (NMOF-

5@acetaminophen and NMOF-5@ibuprofen) and 0.04
g of each silica coated assembly (NMOF-
5@acetaminophen@silica and NMOF-
5@ibuprofen@silica) were dispersed under stirring in
the simulated body fluid (PBS, pH 7.4, 5 mL) at 37 oC.
At the predetermined time intervals, the dissolution
medium was filtered and the supernatant was used to
determine the drug concentration from the
corresponding calibration curves by means of a UV/Vis
spectrophotometer at 222 nm for ibuprofen and at 242

Scheme 1. A brief overview of the synthesis of NMOF-5

Scheme 2. A brief overview of silica coating on drugs-loaded NMOFs
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nm for acetaminophen, respectively.

Cell seeding and MTT assay
The cell proliferation was measured using the MTT

(Methylthiazolyldiphenyl-tetrazolium bromide) assay.
The yellow MTT solution was reduced to the purple
formazan in the living cells. In this research, NIH3T3
mouse embryonic fibroblast cells were used as the
model cell line. (2×104) Cells/well were seeded in a well
plate (48) in the complete media containing the DMEM
medium (Bioidea, Glutamax high glucose), the heat-
inactivated fetal bovine serum (Gibco, 15%) and the
antibiotics (Bioidea, 100X penicillin/ streptomycin
solution, 1%) for 24 h (5% CO2, 37 °C, 95% humidity).
Afterward, the medium was removed and the fresh
media containing different concentration of NMOF-5 or
NMOF-5@silica (20, 40, 60 and 80 μg.mL-1) was added
to the various wells of the plate. NIH3T3 cells with the
same cell number of cells in the complete medium were
used as the control. After 72 h of incubation, the old
medium was replaced with the fresh MTT containing
medium (0.5 mg.mL-1 final concentration). The plate
was incubated for 4 h and then the medium was
removed. The resulted formazan crystals in each well
were dissolved in the dimethylsulfoxide (DMSO, 50
μL). The plate was incubated with gentle shaking for 15
min at the room temperature. The absorbance was read
by an enzyme-linked immunosorbent assay (ELISA)
plate reader at 490 nm with a reference wavelength of
630 nm. The value of cell viability was calculated from
Equation 1.

(%) = ( )( ) × 100
(Equation 1)

Statistical analysis
One way ANOVA was used to distinguish the

differences between the control and the treatments and
the result was significant (P < 0.05).

Results and Discussion

NMOF-5 was synthesized by addition of
trimethylamine to a solution of Zn(NO3)2·6H2O and 1,4-
benzene dicarboxylic acid (H2BDC) in DMF under the
ultrasound irradiation [21]. Then, the alcoholic solutions
of acetaminophen and ibuprofen were then treated with
the NMOF-5 samples for 24 h to prepare NMOF-
5@acetaminophen and NMOF-5@ibuprofen,
respectively. To cover the drug-loaded samples with a
layer of silica, ethanolic ammonia solution and TEOS
were used [23]. The zeta potentials of NMOF-5,
NMOF-5@ibuprofen, NMOF-5@acetaminophen,
NMOF-5@silica, NMOF-5@ibuprofen@silica and
NMOF-5@acetaminophen@silica were measured to be
0, +2.8, 0, -4.5, -4.5 and -4.5 mV, respectively. The zeta
potential of NMOF-5@ibuprofen (+2.8 mV) confirmed
that some ibuprofen was adsorbed into the surface of
NMOF-5. In the FT-IR spectrum of NMOF-5 in
supplemantry file (Figure S3 a) the following
characteristic vibrations (cm-1) were observed:  3544 (C-
H aromatic stretching), 1570 (C=O stretching), 1400
and 1504 (aromatic C=C stretching) and 558 (Zn-O

Figure 1. PXRD pattern of NMOF-5, NMOF-5@acetaminophen, NMOF-
5@ibuprofen, NMOF-5@acetaminophen@silica, NMOF-5@ibuprofen@silica
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band). The observed C-H aliphatic bands at 2924 and
2930 cm-1 in the FT-IR spectra of NMOF-
5@acetaminophen and NMOF-5@ibuprofen in
supplemantry file (Figures S3b, c) were related to the
presence of acetaminophen and ibuprofen in the drug-
loaded samples. After forming  the silica coating, new
bands were appeared at 1042, 1044 and 1019 cm-1,
which could be attributed to Si-O-Si symmetric
stretching vibrations in the NMOF-
5@acetaminophen@silica, NMOF-5@ibuprofen@silica
and NMOF-5@silica in supplemantry file (Figure S4).

The powder X-ray diffraction pattern (PXRD) of
NMOF-5 was shown in Figure 1, and it was in complete
agreement with the previously reported pattern [22].
The PXRD patterns of the drug-loaded and the silica-
coated samples were almost the same as NMOF-5,
except that the intensity of the peaks of NMOF-

5@acetaminophen@silica and NMOF-
5@ibuprofen@silica were reduced due to the formation
of an amorphous silica layer and the reduction of
crystalline cubic structure of NMOF-5.

The thermogravimetric analyses (TGA) of the
samples were shown in Figure 2. NMOF-
5@acetaminophen (blue curve) showed a distinct 7%
weight loss at the range of 300 to 400 oC, corresponding
to the loss of acetaminophen. In comparison, a 19%
weight loss, related to the removal of ibuprofen was
observed at almost the same range for NMOF-
5@ibuprofen (210 to 400 oC, Figure 2, red curve).
Higher loading capacity of the NMOF-5 for the
adsorption of ibuprofen may be related to the -
interactions between the aromatic rings of ibuprofen and
NMOF. In accordance with Figure 2 (green), 7% of the
loss of acetaminophen was observed between 200 to

Figure 2. Thermogravimetric analysis of NMOF-5 (black), NMOF-5@acetaminophen (blue), NMOF-
5@ibuprofen (red), NMOF-5@acetaminophen@silica (green), NMOF-5@ibuprofen@silica (brown).
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390 oC. Ultimately, 7% of the loss of ibuprofen was
observed between 220 to 370 oC which was shown in
Figure 2 (brown). The thermal behaviour of NMOF-
5@acetaminophen@silica (green curve) and NMOF-
5@ibuprofen@silica (brown cure) was extremely
similar, except that the NMOF-5@ibuprofen@silica had
a higher weight loss in the range of 220 to 370 oC. It is
also clear that the remaining weight of the last two cases
was higher than the uncovered assemblies, which can be
attributed to the presence of the thermally stable silica
coating.

The Brunauer–Emmett–Teller (BET) analyses were
used to determine the surface area and the pore size of
the samples. The results for the specific surface area of
NMOF-5, the ibuprofen and the acetaminophen loaded

NMOF (Figure 3) showed that there was a decrease in
the specific surface area from 1267 m2.g-1 (NMOF-5) to
47 m2.g-1 (ibuprofen loaded NMOF) and 32 m2.g-1

(acetaminophen loaded NMOF). Furthermore, these
changes at the surface area were observed for NMOF-
5@ibuprofen@silica (45 m2.g-1) and NMOF-
5@acetaminophen@silica (11 m2.g-1) in supplemantry
file (Figure S5). These results indicated that the drugs
almost occupied the pores and channels of NMOFs. The
Barret, Joyner and Halenda (BJH) model were used to
identify the pore size distributions of the porous
materials. The maximum distribution of the pore size of
NMOF-5 was 3.8 nm (Figure 4). The BJH of NMOF-
5@ibuprofen, NMOF-5@acetaminophen, NMOF-
5@ibuprofen@silica and NMOF-

Figure 3. Nitrogen isotherm of NMOF-5, NMOF-5@acetaminophen, NMOF-5@ibuprofen

Figure 4. BJH pore size distribution of NMOF-5, NMOF-5@ibuprofen, NMOF-
5@acetaminophen, NMOF-5@ibuprofen@silica, NMOF-5@acetaminophen@silica
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5@acetaminophen@silica was shown in Figure 4. The
decrease in the pore sizes of NMOF-5 in NMOF-
5@ibuprofen (maximum distribution at 3.2 nm),
NMOF-5@acetaminophen (maximum distribution at 3.0
nm), NMOF-5@ibuprofen@silica (maximum
distribution at 3.1 nm) and NMOF-
5@acetaminophen@silica (maximum distribution at 2.9
nm) suggested that the drugs were loaded in the pores of
NMOF.

Ibuprofen and acetaminophen are widely used as the
non-steroidal anti-inflammatory drugs (NSAID) to treat
the pain and inflammatory diseases. These drugs,
however, are associated with many side-effects which
could be reduced by a sustained drug release. Figure 5
represents the release profile of acetaminophen and
ibuprofen from the drug-loaded NMOF-5. A burst
release was observed for both samples. The released
content for NMOF-5@acetaminophen and NMOF-

5@ibuprofen were 40 and 35% after 2 h, respectively.
Complete release was achieved after 15 h for
acetaminophen and 20 h for ibuprofen. While the results
were still far from the ideal, we decided to protect the
drug-loaded assemblies with a silica layer to overcome
the burst release issue. The nature of the interactions
between silica and NMOF-5 has been proposed to be
the hydrogen bonding between MOF and silica.

Figure 6 demonstrates the release profile of
acetaminophen and ibuprofen from the silica-coated
assemblies. It is clear that the release profile was
changed to a more appropriate form and the released
amount was decreased after 2h to 5% for acetaminophen
and 4% for ibuprofen, respectively. Complete drug
release was achieved after 70 and 75 h for
acetaminophen and ibuprofen, respectively. These
results indicate a bright future for the drug-therapies.
The main mechanism for the interaction of the drugs

Figure 5. Percentage of ibuprofen release (red curve) and acetaminophen release (blue
curve) from NMOF-5, in PBS PH=7.4 at 37 oC

Figure 6. Ibuprofen (red curve) and acetaminophen (blue curve) delivery from NMOF-5@silica, in PBS PH=7.4 at 37 oC
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with the composites suggested the - interactions
between the aromatic rings of drugs and the organic part
of the NMOF and van der waals forces between them
[12].

To gain an insight into the morphology of the final
products, the FE-SEM images were recorded. These
images showed that NMOF-5 (Figure 7a), NMOF-
5@acetaminophen (Figure 7b) and NMOF-
5@ibuprofen (Figure 7c) adopt a cubic morphology
with an average diameter of 3510 nm. After coating
with silica, however, a spherical morphology was
observed for NMOF-5@acetaminophen@silica (Figure
7d) and NMOF-5@ibuprophen@silica (Figure 7e) with
an average diameter of 5015 nm.

In this study, the MTT assay was used in order to
examine the toxic effects of the samples. The results of
the MTT assay (Figure 8) showed that after 3 days of
incubation with the concentration of 80 g.mL-1, the cell
viability for NMOF-5, NMOF-5@silica, NMOF-
5@ibuprofen, NMOF-5@acetaminophen, NMOF-
5@acetaminophen@silica and NMOF-
5@ibuprofen@silica was 60.7%, 1031.4%, 40.7%,
30.0%, 744.9% and 783.5%, respectively. There
was no cell toxic effect for NMOF-5@silica (1031.4%
viability), however, such effect strongly increased due
to the concentration of 80 g.mL-1 of NMOF-5, NMOF-
5@ibuprofen and NMOF-5@acetaminophen (60.7%,
40.7% and 30.0% viability, respectively). Therefore,

Figure 7. FE-SEM images of NMOF-5 (a), NMOF-5@acetaminophen (b), NMOF-
5@ibuprofen (c), NMOF-5@acetaminophen@silica (d), NMOF-5@ibuprofen@silica (e).
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the coating of NMOF-5 with silica reduced the toxic
effect and improved the biocompatibility of NMOF-5.
Because of the presence of acetaminophen and
ibuprofen in the structure of this composite, the cell
viability associated with concentration of 80 g.mL-1 of
NMOF-5@acetaminophen@silica and NMOF-
5@ibuprofen@silica reached to 744.9% and 783.5%,
respectively.

According to the results of the release profile of the
drugs, it is clear that the surface modification of NMOF-
5 with silica improved its stability and tuned its drug

release rate. Moreover, the stability tests (Fig. 9)
showed that NMOF-5@silica well tolerated the
experimental conditions (stirring for 75 h in PBS at 37
°C), while NMOF-5 destroyed after stirring for 20 h in
PBS at 37 °C. The biocompatibility and the sustained
drug release were the unique features of our newly
devised silica-coated NMOF-5@drug assemblies. It
must be noted that the modification of NMOF-5 seems
to be necessary in order to enhance its drug loading
capacity.

Other similar works to improve the stability of MOF

Figure 8. In vitro viability of NIH3T3 in the presence of NMOF-5, NMOF-5@silica, NNOF-5@ibuprofen, NMOF-
5@acetaminophen, NMOF-5@ ibuprofen@silica and NMOF-5@acetaminophen@silica (n=3, P < 0.05)

Figure 9. PXRD patterns for NMOF-5@silica (a) and NMOF-5 (b) after stirring for 75 and 20 h in PBS (PH=7.4) at 37 °C,
respectively
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by its coating for the drug delivery system include: The
stability of MIL-100 (Fe) {Fe3OH(H2O)2O(C9H3O6)2}
increased by its coating with β-cyclodextrin derivatives
through the interaction between phosphate groups
attached to β-cyclodextrin derivatives and iron(III)
atoms [24]. Besides, variously modified
cyclodextrin−MOFs materials with the enriched
stability in an aqueous environment were effectively
used [25-28]. The stability of MIL-101-NH2 (Fe)
particles in aqueous solution enhanced to some extent
via the surface fluorine polymers coating [29]. In other
studies, a copolymer Poly(N-isopropylacrylamide)-co-
poly(N-acryloxysuccinimide)-co-poly(fluorescein O-
methacrylate) and PEG (Polyethylene glycol)
copolymers were used to improve the stability of Gd
(III) NMOFs [18]. The other polymers, such as dextran,
functionalized with biotin, chitosan grafted with alkyl
side chains and poly(ethylene glycol) have been used to
correct the surface of iron carboxylate NMOFs [18].
Polyvinylpyrrolidone and silica were used to cover Tb-
based NMOFs to increase the stability of the NMOFs
[18]. Likewise, a layer of silica was used to treat the
surface of Mn-based and Gd-based NMOFs to increase
their stability [18, 30]. The phosphorescent Zr-based
MOFs were stabilized via a shell of silica and they were
further improved with PEG and PEG–anisamide [23]. In
another study, the stability in water of the MIL-101 (Fe)
was remarkably enhanced because of the surface
modification of NMOF with PEG [31]. Moreover, a
lipid layer was also employed to modify NMOFs to
enhance their stability [18]. Heparin was used to modify
the surface of MIL-100 (Fe). The strong interactions
between the iron metal sites of the MIL-100(Fe) and the
sulfate groups of the heparin increased its stability [18].
In another similar study, a Na-exchanged ZMOF of the
composition [Na48][In48(HImDC)96] (ImDC=4,5-
imidazoledicarboxylate) was stabilized through the
surface interactions with a series of large pore
poly(hydroxyethylmethacrylate/2,3-dihydroxypropyl
methacrylate/N-vinyl-2-pyrrolidone/ethylene glycol
dimethacrylate) hydrogels [32]. Furthermore, The Fe-
MIL-88B-NH2 (C48Br2Fe6N6O50.912) and Fe-MIL-100
improved their stability via chitosan coating [33, 34]. In,
the other similar works, the UiO-66
(C34.94H17.47O61.74Zr6) enhanced its stability through
coating by folic acid, biotin, PEG, poly-L-lactide, poly-
N-isopropyl acrylamide and heparin [35, 36]. Also, the
La-MOF was stabilized by graphene oxide and PEG,
subsequently [37]. The HKUST-1 [Cu3(BTC)2(H2O)3]
improved its stability via coating by 4-Methyl phenyl
dicyclohexyl ethylene [38]. Moreover, the CaCO3 layer
was used to treat the surface of NMOF and increased its
stability [39]. Ethanolamine (EA) functionalized poly

(glycidyl methacrylate) (PGMA-EA) was attached to
UiO-66-NH2 [Zr6O4(OH)4(BDC-NH2)6] to improve its
stability in the gene delivery [40]. Also, UiO-66 was
coated with poly(glycidyl methacrylate) and this carrier
exhibited the appreciable colloidal stabilities in the
biological milieu [41, 42]. The ZIF-8 (C8H10N4Zn) was
coated with methoxy poly (ethylene glycol)-folate
(PEG-FA), demonstrating that this coating can enhance
the stability of MOF [43, 44]. Similarly, MIL-100(Fe)
was coated with PEG which increased the stability of
NMOF [45]. Furthermore, ZrO2 was used to modify the
surface of ZIF-8 which improved its stability [46].
Additionally, coating of glucose on the Gd-NMOFs
improved their biocompatibility and stability [47]. ZIF-
8 was coated with sodium alginate and enriched its
stability [48]. Dextran was grafted with both PEG and
alendronate moieties, which are iron complexing groups
anchored to the surface of the MIL-100 (Fe), and this
increased its stability [49]. D-α-Tocopherol was
succinated (α-TOS) in zeolitic imidazolate framework-8
(ZIF-8) compounds (defined as α-TOS@ZIF-8) and
later it was coated with a hyaluronic acid (HA) shell to
form the HA/α-TOS@ZIF-8 nanoplatform. This
material improved the stability of ZIF-8 [50].

Therefore, the stability of NMOF in the drug delivery
is a crucial challenge that requires more and more
investigation about it.

Conclusions
It could be concluded that we devised a new platform

for the sustained release of acetaminophen and
ibuprofen, based on the NMOF-5 metal organic
framework. The drug-loaded NMOFs were treated with
a silica coating to overcome the burst release issue and
the results were satisfying. It was found that NMOF-
5@ibuprofen@silica and NMOF-
5@acetaminophen@silica were able to deliver their
complete drug content with a constant rate within 70
and 75 h, respectively. The silica coating also granted
another important advantage. It was found that in vitro
viability of NIH3T3 cells was significantly increased at
the presence of NMOF-5@silica, NMOF-
5@acetaminophen@silica and NMOF-
5@ibuprofen@silica.
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