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ABSTRACT. A new fabrication of {[H;O][Cus(tpta);(DMA)4COO)]-12H,0-7DMA} (1) was used as a drug
vehicle of 5-fluorouracil (5-FU) for drug delivery. The incorporation of the drug 5-FU into the 1 was around 47.3
wt% per gram of dehydrated 1. Cargo release behavior and material degradation profile were also investigated
under different mdeium. 5-FU is released in a highly controlled and progressive manner with 92% of the drug
release after 96 h at acidic condition and with 88% after 96 h at PBS. In vitro cytotoxicity assays indicated that the
1 possesses no obvious cytotoxicity. The results provide a new avenue for MOFs to be used as potential drug
delivery.
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INTRODUCTION

Metal-organic frameworks (MOFs) have undergone rapid development as functional materials
such as catalysts, luminescence materials and magnetic materials [1-2]. Recently, these
pharmaceutical scientists and medicinal chemists pay attention to the research of MOFs, looking
for medical applications [3]. Férey and co-workers firstly proposed the use of porous MOFs
(such as, MIL-100 and MIL-101) as controlled delivery systems [1b]. This method strongly
depends on the loading capacity of the porous materials, as well their pore size and
conformation [4]. Polyhedral metal-organic frameworks (PMOFs) are different from traditional
MOFs, they have cages carrying large voids and open-channel-type pores. Due to the sieving
effect, the sizes of windows can make the suitable drug molecules go through the pores [5]. A
large number of reported PMOFs exhibit high drug delivery [6-12].

Recently, Liu and his co-worker have successfully prepared a novel (3,4)-connected
topology PMOF (1) with a schlifli symbol of {4-6>-8} {4-6"-8} {4-6°}, using the super molecular
building block (SBB) strategy [13]. It features three types of cages with multiple sizes and
shapes and exhibits high performance for CO, capture and selectivity of CO,/CH; and
C;Hg/CH,4. Moreover, the Brunauer—Emmett—Teller (BET) surface area for 1 is calculated to be
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1487 m* g'. The high-porosity together with a multiple-pore system and high-density open
metal sites (OMSs) (1.0 per nm®) in this PMOF inspired us to investigate its drug molecules
uptake capacity. Up to now, only a few MOFs allow high amounts of drug to be stored, with a
completed delivery time ranging from 6 to 23 days [14]. We are also particularly interested in
the design and synthesis of porous MOFs carriers that have been made to pave their way toward
medical applications [5b, 5c, 15]. In this concern, we propose the development of 1 as drug
carrier, which may exhibit excellent drug loading capacity taking advantage of its larger pore
size and permanent porosity. As expected, the incorporation of the drug 5-FU into the 1 was
around 47.29 wt% per gram of dehydrated 1. Furthermore, 5-FU is released in a highly
controlled and progressive manner with 92% of the drug release after 96 h at acidic condition
and with 88% after 96 h at PBS.The result from this work provides a new viewpoint for MOF to
be used as potential drug delivery.

EXPERIMENTAL
Materials and methods

Cu(NOs),-3H,0 of analytic grade were obtained from Shanghai Chemical Factory, China.5-
Fluorouracil (5-FU) was purchased from Kemao Biotech Company (Dongguan City, China). All
the other chemicals were purchased from Aldrich. All chemicals and solvents were used as
received without further purification. The powder X-ray diffraction (PXRD) patterns were
measured using a Bruker D8 advance powder diffractometer at 40 kV and 40 mA for Cu Ka
radiation (A = 1.5418A), with a scan speed of 0.2 s/step and a step size of 0.02° (26).

Synthesis of {[H;0][Cug(tpta);(DMA),(CO0)]-12H,0-7DMA}

The synthetic method as that of title compound was followed the reported reference [13] except
that DMA was chosen instead of DMA/H,0. The detail synthesis was described herein. Single
crystal of compound 1 was obtained by solvothermal reaction of Cu(NO;),-3H,0 (8 mg 0.033
mmol) and Hytpta (2 mg, 0.005 mmol) in DMA (2 mL) 0.65 mL) with HNO; (0.65 mL) at 105
°C for 24 hours. The mixture was then cooled to room temperature. The final products were
obtained and air-dried (yield 45%, based on H,tpta) [13]. We have used the single crystal data
reported previously by Wang ef al. [13] and stored at the Cambridge Crystallographic Data
Center (CCDC: 1410333) for comparison and data simulation and analysis. The simulated
powder patterns were calculated using Mercury 2.0. The purity and homogeneity of the bulk
products were determined by comparing the simulated and experimental X-ray powder
diffraction patterns. The experimental PXRD pattern is in good agreement with the simulated
one based on the single crystal X-ray data, indicating the purity of the as-synthesized product.

Drug loading

To load 5-fluorouracil (5-FU) into the pores of 1, dehydrated samples were dispersed in a 5-FU
containing methanol solution (25 mL) and stirred for different days. The adsorbed amount of 5-
FU into the porous solids was estimated by UV—Vis absorption spectroscopy at 265 nm.
Experiments were performed in quadruplicate and drug payloads 5-FU was calculated according
to the following formula:

5-FU = 5-FU(mg)/dehydrated materials (mg) x100 %
Drug release

Amount of inclusions were loaded into a dialysis bag (MWCO = 1000), which were dialyzed
against 500 mL of PBS buffer solution at room temperature. During each time interval, 1 mL of
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solution was taken out, and 1 mL of fresh PBS buffer was added. The content of 5-FU in the
samples taken out was determined by HPLC.

RESULTS AND DISCUSSION

1 has three types of cages with different sizes (10 (cage A), 13 (cage B), and 18 A (cage C),
respectively). The smallest cage A contains 12 Cu paddle wheel units and 6 tpta4' linkers to
construct a truncated tetrahedron shape (Figure 1a); the medium cage B with cuboctahedron
geometry comprises of 12 Cu paddle wheel units and 24 tpta* linkers (Figure 1b); and the
largest cage C presents a truncated octahedron included 24 Cu paddle wheel MBBs and 16 tpta*
linkers (Figure 1c). The three types of polyhedron packing arrangements result in a 3D network
with a multiple pore system (Figure 1d).

Figure 1. Description of the structure of 1: (a)—(c) three types of cages with different sizes
(diagonal Cu—Cu distance, regardless of vander Waals radii), the sizes of inner balls
are 10 A (cage A), 13 A (cage B) and 18 A (cage C), respectively; (d) ball and stick
model of the 3D framework.

5-FU was selected because of its size, which was small enough to be incorporated into the
cavity of 1. The stabilities of 1 and 1 @5-FU are confirmed by IR and PXRD. UV-Vis
absorption spectroscopy has been used to determine the effective storage capacity of 1. To gain
a maximal drug loading, 5-FU to porous solid relative ratio and contact time were tested. After
the trivial tests, the best results were achieved when 1 was soaked for 3 days in a 20 mL ethanol
solution with a 5-FU to 1 weight ratio of 1:1. It showed 5-FU adsorption and the loading content
was measured to be 47.3%. This result is higher to 5-FU adsorbed by MOP-15 [16]. There is
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almost no N, sorption after the encapsulation of 5-FU, indicating that the drug completely fills
the pores or blocks the windows of the inner space. The ionic framework and open metal sites
enhance framework-drug interactions through weak forces, which may affect the loading
capacity and the moment of N,.

As is well known, compared to tumor tissues, the pH in normal tissues is slightly higher. To
study 5-FU release of 1 under physiological and low pH condition, drug release experiments
were carried out by dialyzing the drug-loaded 1 in phosphate buffer (pH = 6.0) and PBS (pH =
7.4) at 37 °C, respectively. The delivery of 5-FU occurred within a week with continuous
stirring and the delivered 5-FU concentration was determined. As can be seen from Figure 2a,
the comparison of kinetics of drug delivery between different pH solutions (pH 6.0 and pH 7.4)
suggests that the delivery process of 5S-FU@]1 is pH-responsive, rendering this pH-driven release
can be used to tumor therapy. Indeed, 5-FU is released in a highly controlled and progressive
manner with 92% of the drug release after 96 h at acidic condition and with 88% after 96 h at
PBS. From the Figure 2a, around 48% and 71% of the loaded drug was detected in the acidic
buffer and PBS during the initial stage (24 h), respectively. Then, after 40 h, a much burst
release was occurred. This slightly fast-release may result from the degradation of the structure,
which was accordance to in vitro degradation profile. The degradation profile (Figure 2b)
displays that the solids of 1can be degraded around 35% and 21% at phosphate buffer (pH = 6)
and PBS after 24 h, respectively, indicating a reasonable in vitro degradability. However, the
comparison between the drug release kinetic and degradation of 1, which cannot degrade
entirely even in two different environments, showed that the delivery process is not governed by
the MOF degradation [17].

(a) (b)
110 80
] —=—pH=60
" —o—EH =74 %3] —-—pH=74
90 504 —e—pH =6.0

5-FU release (%)
g
!
Degradation profile (%)
N
1

¥ T T T T T
0 20 40 60 80 100 : L - o 1
Time (h) Time (h)

Figure 2. (a) The release process of 5-FU from the drug-loaded 1 and (b) the degradation profile
of 1.

In order to preliminary assess their anticancer efficacies. The vitro toxicity analysis was
conducted by MTT assay later due to compatibility and cytotoxicity are extraordinarily
significant for MOFs in medicine science. The samples of L, 1 and 1@drug were arranged from
the concentration of 0-30 pg mL™'. Interestingly, Figure 1 presents that both Hek293 and HeLa
cells were non invasive (the cell viability is above 80%) treating with Land 1, which imply that
L and 1 had no effect on human normal or tumor cells (Figure 3). And 1@drug made dramatic
impact on HeLa and has vastly altered the cell viability. It meant that 1 loading drug possesses a
potent antic-tumor activity and is expected to be a powerful neoplasm suppression drug in the
future [18-19].
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Figure 3. MTT cytotoxicity assay of HepG2 and HeLa cells treated with 1 and 1@5-FU at
various concentrations (n = 5, date are the mean+SD).

CONCLUSION

In summary, we selected and conducteda PMOF as a drug carrier that shows a higher drug
loading capacity, controllable cargo release and low cytotoxicity, which may be a promising
candidate of drug delivery systems for cancer therapy.
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