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A B S T R A C T

This study aimed to evaluate the mechanism associated with cytotoxic activity displayed by the drug 5-

fluorouracil incorporated in Cu-BTC MOF and its slow delivery from the Cu-BTC MOF. Structural

characterization encompasses elemental analysis (CHNS), differential scanning calorimetry (DSC),

thermogravimetric analysis (TG/DTG), Fournier transform infrared (FIT-IR) and X-ray diffraction (XRD)

was performed to verify the process of association between the drug 5-FU and Cu-BTC MOF. Flow

cytometry was done to indicate that apoptosis is the mechanism responsible for the cell death. The

release profile of the drug 5-FU from Cu-BTC MOF for 48 hours was obeisant. Also, the anti-inflammatory

activity was evaluated by the peritonitis testing and the production of nitric oxide and pro-inflammatory

cytokines were measured. The chemical characterization of the material indicated the presence of drug

associated with the coordination network in a proportion of 0.82 g 5-FU per 1.0 g of Cu-BTC MOF. The

cytotoxic tests were carried out against four cell lines: NCI-H292, MCF-7, HT29 and HL60. The Cu-BTC

MOF associated drug was extremely cytotoxic against the human breast cancer adenocarcinoma (MCF-

7) cell line and against human acute promyelocytic leukemia cells (HL60), cancer cells were killed by

apoptosis mechanisms. The drug demonstrated a slow release profile where 82% of the drug was released

in 48 hours. The results indicated that the drug incorporated in Cu-BTC MOF decreased significantly the

number of leukocytes in the peritoneal cavity of rodents as well as reduced levels of cytokines and nitric

oxide production.

� 2013 Elsevier Masson SAS. All rights reserved.
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1. Introduction

5-fluorouracil (5-FU), a pyrimidine analog, is one of the broad
spectrum anticancer drugs [1–3] used in the treatment of
malignancies like glioblastoma [4] and breast cancer [5]. Since
5-FU interferes with DNA synthesis, it principally acts as a
thymidylate synthase inhibitor [6,7]. However, short half-life, wide
distribution, and various side effects limit its medical applicability
[8–10]. To overcome the above-mentioned limitations, an ample
number of studies has been carried out on sustained drug delivery
systems for 5-fluorouracil.
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Rahman et al. prepared and evaluate the colon-specific micro-
spheres of 5-fluorouracil for the treatment of colon cancer. The
authors observed that the results clearly indicate that there is great
potential in delivery of 5-FU to the colonic region as an alternative
to the conventional dosage form [11].

Lekha-Nair et al. studied the biological evaluation of 5-
fluorouracil nanoparticles for cancer chemotherapy and its
dependence on the PLGA carrier (nanoparticles with dependence
on the lactide/glycolide combination of PLGA). 5-FU-entrapped
PLGA nanoparticles showed smaller size with a high encapsulation
efficiency [12]. Horcajada et al. reported the efficiency of some
MOFs as carriers of drugs was tested using antiviral and antitumor
drugs: bulsufan, azidothymidine-trisfofato, cidovir and doxorubi-
cin. According to the authors, incorporation of some antitumor
drugs used for cancers such as leukemia and myeloma into the
MIL-100 MOF was considered extremely high. [13].

http://crossmark.crossref.org/dialog/?doi=10.1016/j.biopha.2013.06.003&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.biopha.2013.06.003&domain=pdf
http://dx.doi.org/10.1016/j.biopha.2013.06.003
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Extensive research within the last two decades has revealed
that most chronic illnesses, including cancer, diabetes, and
cardiovascular and pulmonary diseases, are mediated through
chronic inflammation. Thus, suppressing chronic inflammation has
the potential to delay, prevent, and even treat various chronic
diseases, including cancer, several drugs including: dexametha-
sone and doxorubicin have been packaged as nanoparticles and
proven to be useful in ‘‘nano-chemoprevention’’ and ‘‘nano-
chemotherapy’’ [13,14].

Thus in this perspective, this study aimed to evaluate the action
mechanism associated with the antitumor activity of the 5-
fluorouracil incorporated into Cu-BTC and a possible anti-
inflammatory activity, since studies in the literature show a close
relationship between inflammation and the appearance of new
cancers.

2. Materials and methods

2.1. System drug-MOF used

The association was performed using 5-FU 99% (Sigma Aldrich)
and the Cu-BTC MOF – BasoliteTM C300 (688814) produced by
BASF. First the drug (300 mg) was dissolved in 150 mL of Milli-Q
ultrapure water and 100 mg of Cu-BTC were added, in a proportion
of 3:1 (w/w – drug/MOF). The resulting suspension was kept under
stirring at room temperature for seven days. Aliquots were
removed after seven days, then centrifuged (4500 rpm) for
20 minutes and the supernatant was analysed by UV-Vis spectro-
scopy to determine the amount of drug present in the metal
organic framework. The analysis was performed in triplicate.

2.2. Chemical characterization

Elemental analysis (CHNS) measurements were performed in a
CE Instruments elemental analyser, model EA1110. FIT-IR spectra
were collected from KBr discs utilizing a Bruker spectrophot-
ometer (IFS-66) with Fourier transform (spectral range 4000 to
400 cm–1). The results were analyzed using the OPUS Spectro-
scopic Software from Bruker. TG/DTG curves were obtained in the
temperature range between 20–900 8C using a Shimadzu TGA 50
thermobalance under a dynamic nitrogen atmosphere (50 mL min–

1) at a heating rate of 10 8C min–1 and an alumina crucible
containing approximately 3 mg of the sample. The instrument
calibration was performed before the tests using a calcium oxalate
monohydrate standard, according to the American Society for
Testing and Materials. The DSC data were recorded in a DSC 50 cell
(Shimadzu) in the 25–600 8C temperature range under a dynamic
nitrogen atmosphere (100 mL min–1) in an alumina crucible
containing 2.0 mg of the sample; a heating rate of 10 8C min–1 was
used. The powder patter XDR were obtained in a Bruker D8
Advance X-Ray diffract meter (Ka(Cu) 1,54 Å), in the range 58 to
508, step 0.028 and acquisition time 1 second.

2.3. Delivery study (in vitro)

For in vitro release study was used transparent hard gelatin
capsules containing 110.97 mg of incorporation, which was
equivalent to 50 mg of 5-FU. Dissolution (dissolutor, Varian,
model VK-7000/7010/750D) was performed in PBS (pH: 6.8),
volume of 500 mL at 378 � 0.5 and screw speed of 100 RPM. The
collections were performed on days 0.5, 1.5, 5.5, 15, 20, 24, 39, 44 and
48 hours. At every given time, a sample was collected from 2.5 mL to
be analyzed on HPLC, followed by replacement of the dissolution
medium. The samples were filtered on Millipore1 membrane
0.22 mm in pore size, 13 mm (Millex). All analyzes were performed
in triplicate.
The samples obtained from dissolution studies were individually
subjected to analysis by HPLC – DAD using isocratic mobile phase
85% of acetonitrile: 15% of water (v/v) with a 2 mL/min flow, the
oven temperature was 25 8C, with a stationary phase C18 column
(250 � 4.6 mm/5 mm), and 20 mL injection volume of the samples.
The LC system used was a high performance liquid chromatograph
(HPLC) Shimadzu1 equipped with a quaternary pump model LC –
20ADVP, powered by helium degasser model DGU – 20A, PDA
detector model SPD – 20AVP, oven model CTO-20A SVP, auto
sampler model SIL – 20A DVP and controller model SCL – 20AVP. The
data were processed by software Shimadzu1 LC solution 2.0.

2.4. Cytotoxic activity and apoptosis tests verification

The cytotoxic tests were carried out against four cell lines: NCI-
H292 cells (lung mucoepidermoid carcinoma), MCF-7 cells (breast
adenocarcinoma), HT29 cells (colon adenocarcinoma) and HL60
cells (promyelocytic leukemia). The cells were maintained in
DMEM – Dulbecco’s Modified Eagle Medium. Samples were
considered cytotoxic when the rates of cell growth inhibition
exceeded 40%, according to the protocol established by Geran [15].

The apoptosis test was done used 5 mg/mL and 10 mg/mL. HL60
(3 � 105 cells/mL) were plated onto 24-well tissue culture plates
and treated with (Cu-BTC MOF; 5-fluorouracil (5-FU) and 5-
FU + Cu-BTC). After the 72 h incubation period, cells were pelleted
and resuspended in 1� Binding Buffer. The pellet was incubated for
10 minutes with 5 mL of the annexin-V and 10 mL of the propidium
iodide (Annexin V-FITC Apoptosis Detection Kit-SIGMA).

Cell fluorescence was determined by flow cytometry in a FACS
Calibur cytometer (Becton, Dickinson and Company, New Jersey,
USA) using the Cell Quest software. Ten thousand events were
evaluated per experiment and cellular debris was omitted from the
analysis.

2.5. Animals used in the pharmacological tests

For the tests, Swiss albino female mice (Mus musculus) were
used, weighing between 30–35 g, with an average age of two
months. The animals were monitored according to the norms of
the National Institute of Health Guide for Care and Use of
Laboratory Animals. The experiments were conducted according to
the National Cancer Institute protocol [16] and approved by the
UFPE-Animal Experimentation Ethic Committee: 23076.024149/
2012-48.

2.6. Peritonitis induced by carrageenan

In this assay, were used six groups of six animals, treated groups
received orally 25, 50 and 75 mg/kg of (5-FU + Cu-BTC MOF). The
others group received orally saline vehicle (0.1 mL/10 g) used as
negative control and dexamethasone (0.5 mg/kg) as positive
control. One hour after the treatment, the inflammation was
induced by intraperitoneal (i.p) application of 0.1 mL/10 g of
carrageenan (1% in saline solution).

After 4 hours the animals were euthanized in a chamber of CO2

so was injected into the peritoneal cavity 3 mL of phosphate
buffered saline PBS containing EDTA to collect the peritoneal fluids.
The total leukocyte number was determined in hematology
analyzer Micros 601. The exudates were centrifuged and the
supernatant stored at –20 8C for analysis of nitric oxide and
citokines levels [17].

2.7. Analysis of nitric oxide production

The nitrite accumulated in the samples was measured as an
indicator of NO production using the Griess reaction. Briefly, the



Fig. 1. FTIR spectra of Cu-BTC MOF.
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samples were mixed with an equal volume of Griess reagent in a
96-well microtiter plate and incubated at room temperature for
10 minutes. The absorbance was read at 540 nm using an ELISA
reader and the nitrite concentrations were determined by
comparison with a standard curve of sodium nitrite [17].

2.8. Measurement of cytokines

The concentrations of TNF-a and IL-1b were measured using
sandwich ELISA kits, specific for mice, according to the manu-
facturer’s instructions (eBioscience, San Diego, California, USA).
The detection limit used was 8-1000 pg/mL. The experiments were
done in triplicate [18].

2.9. Statistical analysis

The results are presented as mean � standard deviation (SD).
Data were analyzed using the software graph pad prism v 5.0 One-
way ANOVA followed by the Newman-Keuls test were used to
evaluate the differences among the treatments. P values < 0.05 were
considered statistically significant.

3. Results and discussion

Drug loading, expressed in g 5-FU per gram Cu-BTC, after seven
days of stirring was 0.8221. The Cu-BTC MOF contains C, O and H
atoms but lacks N atoms, therefore, the presence of the drug on this
structure was indicated by the appearance of N atoms in the
elemental analysis. The theoretical and experimental results are
represented in Table 1 and conform to the proportions demon-
strated in the TGA analysis.

Fig. 1 shows the FTIR spectra of the precursors and the product
obtained. In the infrared spectrum of Cu-BTC, there is a very strong
band centered at 3450 cm�1 assigned to the OH stretching from
water molecules. The broadness of this band is consistent with
extensive hydrogen bonding from both coordinated and non-
coordinated water molecules. Bands at 1644 cm�1 and 1373 cm�1

are assigned to asymmetric and symmetric (OCO-) stretching from
carboxylate groups. Additional bands at 1587 and 1450 cm�1 are
due to C = C stretching from the aromatic rings. The FTIR spectrum
for 5-FU is characterized by a broad band at 3133 cm�1, assigned to
NH stretching, in addition to bands at 1724 cm�1 and 1660 cm�1

arising from the two distinct carbonyl groups in 5-FU structure.
The spectrum for Cu-BTC/5-FU sample shows bands from both host
and guest species, some of them shifted due to the occurrence of
intermolecular interactions. The spectrum exhibits the NH
stretching band centered at 3150 cm�1 and at higher wave
numbers an envelope of OH stretching bands (centered at 3550,
3498, 3460 and 3388 cm�1). Those bands are probably due to the
coordinated water molecules, which were partially resolved after
removal of the non-coordinated ones during the association
process, as shall be discussed on the basis of thermal analysis. At
lower wave numbers, we can observe the carbonyl bands from 5-
FU at 1708 and 1660 cm�1 in addition to the carboxylate bands
Table 1
CNHS elemental analysis.

Sample %N %C %H %S

Theoretical

Cu-BTC 0.0 25.8 4.3 0.0

Cu-BTC/5-FU 2.4 30.2 3.0 0.0

Experimental

Cu-BTC. 12 H2O 0.0 26.3 3.7 0.0

Cu-BTC. 6H2O + 0.82 5-FU 2.5 30.7 2.8 0.0

CU-BTC: C18H6Cu3O12/5-FU-C9H3FN2O2.
from Cu-BTC at 1631, 1617 and 1382 cm�1. Bands from both
species in this region are slightly shifted as mentioned [19].

Thermal analysis data complemented characterization allowing
us to make a picture of the sample Cu-BTC/5-FU. Fig. 2 shows DSC
curves for the drug 5-fluorouracil, showing that the free drug starts
to decompose at nearly 260 8C with a peak in DTG at 303 8C. DSC for
5-FU shows that actually the solid drug melts at 279 8C and
decomposes subsequently after melting.

Analyzing the thermal analysis curves TG/DTG (Fig. 3) and DSC
(Fig. 2) for Cu-BTC, we see that the sample starts to lose adsorbed
and non-coordinated water molecules below 100 8C. After losing
nearly 30% of the whole mass, the TG curve shows a plateau from
150 8C which is disturbed by very discrete mass losses at 160 8C
Fig. 2. DSC curves Cu-BTC/5-FU; Cu-BTC; 5-FU.



Fig. 3. Thermal analysis curves TG (A) and DTG (B) for 5-FU; Cu-BTC and Cu-BTC/5-

FU.

Fig. 4. Powder pattern XDR (black: C300) – Cu-BTC MOF; (red: incorporated) – Cu-

BTC/5-FU and (blue: after release) – sample after dissolution test.
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and 225 8C, followed by a major mass loss starting from 320 8C
(peaked at 352 8C and 381 8C in the DTG curve), assigned to
decomposition of the framework structure. This event can be
assigned to both decomposition of the organic ligands and release/
decomposition of the coordinated water molecules. In the Cu-BTC
DSC curve these events are observed as a broad endothermic event
centered at 77 8C along with two exothermic ones at 344 and
354 8C. Finally for the Cu-BTC/5-FU sample, the thermal analysis
curves show interesting features.

TG curve shows that the initial thermal event observed for the
original MOF is absent which suggests that the non-coordinated
water molecules originally present in the pores are probably
replaced for 5-FU molecules during the association process [20].
This is also consistent with observations made from FTIR analysis.
A very small mass loss is observed at 163 8C, which can be related
to trace residual non-coordinated water molecules, followed by a
significant loss at 286 and 294 8C. The last event is probably related
to decomposition of 5-FU and considering that the peak is broad
and shows two unresolved minima, it suggests two structural
situations for this molecule (see DSC discussion). Another mass
loss is observed at 370 8C due to the decomposition of the MOF.
Both the decomposition of the host and of the guest are shifted in
comparison with the free samples.

From DSC curve for Cu-BTC/5-FU (Fig. 2), we can observe the
presence of several endothermic events (108, 177, 233, 279 8C)
along with an exothermic event at 352 8C. The sharp endothermic
event at 279 8C (drug melting) suggests that despite a careful
isolation procedure, some 5-FU crystals may have remained some
free molecules (possibly physical adsorbed) in Cu-BTC/5-FU
sample. Although previous works with other MOFs having larger
pores suggested that several molecules could occupy the pores and
the surface area. Thus we propose here that our sample contains a
slight fraction of 5-FU crystals, probably as a result of the
equilibrium between the free and associated species which makes
difficult a complete purification. Despite this, it is clear that drug
association with the metal organic framework (Cu-BTC) occurs to a
great extent as can be inferred from significant changes in the DSC
curve, in special in the interval of water release and MOF
decomposition.

The adsorption process results from the interaction between
the guest molecule and the adsorbent material, in our case, the Cu-
BTC and 5-FU. Those interactions, in general, are very week
(physisorption), but, in some cases, the host-gest interactions
affinity is strong and due the chemisorption and structural changes
may occur. In this perspective, the X-ray powder diffraction
becomes a powerful tool to investigate those crystalline transfor-
mations.

The Fig. 4 (in black) shows the experimental powder pattern of
the Cu-BTC used in the 5-FU incorporation. This diffractogram, as
expected, shows all peaks corresponding to the [Cu2(BTC)3(H2O)3]
structure (cubic, space group Fm-3 m) synthesized by Williams
et al. [12]. The most intense peaks are located in 11.68, 9.58 and 6.78
related to the [222], [220] and [200] diffraction plans, respectively.
After the drug incorporation, the samples was collected the
powder pattern, and the result (Fig. 4, in red) shows different
diffraction peaks regarding to the Cu-BTC. Although the sample
still has strong crystalline character, this result suggests that there
was a structural change in the Cu-BTC during the incorporation
process, probably due to the supramolecular interactions between
the drug and the MOF.

The drug incorporation is confirmed by the intense signal
located in 28.88, related to the [220] diffraction plane of the 5-FU,
in agreement with the literature [21,22]. This observation is in
good agreement with IR-spectroscopy, TGA and elementary
analysis results. After the dissolution test, the incorporated 5-
FU was released and, again, was collected the powder pattern,
shown in the Fig. 4 (in blue). As expected, was not observed the
diffraction peak of the drug, which is in good agreement with the
dissolution test results, and once again, was detected structural
changes in the Cu-BTC, experiencing a slight amorphization in the
structure.



Fig. 5. Dissolution profile of 5-fluorouracil from Cu-BTC MOF.

Fig. 6. Checking mechanism necrosis � apoptosis by flow cytometry.
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The release profile was conducted in order to ascertain whether
the drug is output from the system in the physiological
environment. The experiment demonstrated during the prolonged
drug release 48 hours. Initially, 39.4% of the drug was released
from the MOF in the first 30 minute; this can be attributed to the
drug in its free form as indicated in DSC curve. Then, the release
proceeded more slowly being released about 60% in 15 hours of
study, the dissolution reached 82.0% at 48 hours.

The release of 5-FU ‘‘in vitro’’ found in our system resembles the
one extended release ‘‘in vivo’’, which are offered two doses of the
drug (Fig. 5). The first, called immediate-release initial dose,
required to produce the desired pharmacological effect without
causing damage to the body. The second, called maintenance dose,
is released gradually, in order to prolong the extent of pharma-
cological response [23].

Table 2 shows the IC50 values for inhibition of cellular activity
of at least 70%. We observed that 5-fluorouracil exhibited cytotoxic
activity against MCF-7 and HL-60 cells. The IC50 value for the MCF-
7 cells was very low (1.735 mg/mL) when the drug was associated
with the MOF, this can be attributed to prolonged drug release as
indicated in dissolution study, allowing the maintenance of the
biological effect, since the active principle of the drug being
released slowly and continues.

The same was true for the HL-60 cells. The IC50 values
decreased significantly when the drug was associated with the
network, suggesting that the association between the 5-fluorour-
acil and the Cu-BTC MOF are responsible by the modulation of the
cytotoxic activity of the drug (Table 2).

The apoptosis test demonstrated that 5-fluorouracil incorpo-
rated into Cu-BTC MOF induced cell death by apoptosis mechanism
to the dose of 10 mg/mL (Fig. 6). These results are according with
the peritonitis test that showed a decrease in levels of TNF-a and
NO in the tumor site, which may have contributed to the
maintenance of the required levels of these substances in the
activation of caspase that activate apoptosis. Experience since then
Table 2
IC50 (mg/mL) compared to the human tumor lines.

Cell line CU-BTC 5-FU Cu-BTC/5-FU

MCF-7 3.49a 20 1.735b

HT-29 > 25 > 25 > 25

HL-60 > 25 8.601 4.615

NCI-H292 > 25 > 25 > 25

a Very toxic.
b Toxic.
has indicated that when expressed locally by the cells of the
immune system, TNF-a has a therapeutic role, however when
dysregulated and secreted in the circulation, TNF-a can mediate a
wide variety of diseases, including cancer [24]. TNF-a has itself
been shown to be one of the major mediators of inflammation is
also produced by tumors and can act as an endogenous tumor
promoter. The role of TNF-a has been linked to all steps involved in
tumorigenesis, including cellular transformation, promotion,
survival, proliferation, invasion, angiogenesis, and metastasis [25].

Considering this information, the results found in our experi-
ments demonstrated that 5-fluorouracil associated with MOF Cu-
BTC may have favored the process of induction of cell death by
apoptosis.

Currently inflammatory processes are rather taken into
consideration when one wants to get success in antitumor
therapies, chronic inflammation that because of some organ, like
the liver, increases the number of cell divisions and thus the risk of
mutations. Tumor cells produce various cytokines and chemokines
that attract leukocytes [26]. The direct evidence for the association
of chronic inflammation with malignant diseases is in colon
carcinogenesis in individuals with inflammatory bowel diseases
[27]. The emerging concept in clinical trials reveals that
inflammation is a potential therapeutic target in cancer treatment
and anti-inflammatory drugs are thereby potentially useful as
adjuvant therapy [24].

The peritonitis tests was conducted in order to verify the
process of secondary mechanism of action by which the drug
embedded in coordination network has its cytotoxic activity which
may be enhanced by modulation of immune cells such as
polymorphonuclear leukocytes. Through this test, we suggest that
the cytotoxic and antitumor activity of the drug is related to the
route of leukocyte activation or suppression of the inflammatory
process, which is closely related to the processes related to tumor
angiogenesis, parallel production of inflammatory interleukins and
TNF-a, IL-6 among others [25].

The results showed that a possible way of action of the drug
incorporated in the network to coordinate the performance of this
system is as an anti-inflammatory agent, since it caused a
reduction of inflammation in 43.7, 64 and 66.8% respectively for
doses of 25, 50 and 75 mg/kg when compared to negative control
group with inflammation induced by carrageenan 1% in saline. The
inhibition of leukocyte data is described in Fig. 7.

Tumor-associated macrophages are a significant component of
inflammatory infiltrates in neoplastic tissues and are derived from
monocytes that are recruited largely by monocyte chemotactic
protein (MCP) chemokines. The pro-inflammatory cytokines,
including tumor necrosis factor-alpha (TNF-a) and interleukin-6
(IL-6), induce direct effects on stromal and neoplastic cells in
addition to their roles in regulating leukocyte recruitment [14].



Fig. 7. Peritonitis test leukocytes number � doses of 5-FU + Cu-BTC.

Table 3
Effect of 5-FU + CuBTC on the NO production in the carrageenan test.

Treatment NO (mM)

Control group 21.30 � 3.62

Dexamethasone 1.77 � 0.44a

25 mg/kg (5-FU + Cu-BTC) 0,78 � 0.07a

75 mg/kg (5-FU + Cu-BTC) 0,63 � 0.02a

Data are expressed by mean standard deviation (mean � standard deviation).
a Statistically significant difference compared to control (P < 0.05).

Table 4
Effect of 5-FU + CuBTC on the TNF-a e IL-1b productions in the carrageenan test

induced peritonitis.

Compound TNF-a (pg/mL) IL-1b (pg/mL)

Control 502.11 � 3.31 751.00 � 15.04

Dexamethasone 126.39 � 13.15a 289.35 � 18.62a

75 mg/kg (5-FU + Cu-BTC) 117.39 � 37.86a 238.70 � 5.62a

25 mg/kg (5-FU + Cu-BTC) 300.9 � 26.11a 617.18 � 12.62a

Data are expressed by mean standard deviation (mean � standard deviation).
a Statistically significant difference compared to control (P < 0.05).
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The direct evidence for the association of chronic inflamma-
tion with malignant diseases is in colon carcinogenesis in
individuals with inflammatory bowel diseases [25]. The emer-
ging concept in clinical trials reveals that inflammation is a
potential therapeutic target in cancer treatment and anti-
inflammatory drugs are thereby potentially useful as adjuvant
therapy [28].

The exudates removed from the abdominal cavity of the
animals subjected to the test of carrageenan induced peritonitis
were analyzed and levels of nitric oxide and pro-inflammatory
cytokines have been shown in Tables 3 and 4. It was observed that
there was a statistically significant decrease in NO production and
cytokine treated groups when considered in doses of 25 and
75 mg/kg of body weight.

These results being in agreement with the results on the
number of white blood cells found in the peritoneal cavity animals,
indicating a possible anti-inflammatory action of this system.

4. Conclusions

As noted in the results obtained, 5-fluorouracil incorporated
into the Cu-BTC MOF appears to be a great tool in the treatment of
cancer, since we obtained a rate optimal encapsulation, together
with a controlled release of drug from the nanocarrier.

Nanoparticle therapeutics is an emerging treatment modality in
cancer and other inflammatory disorders. The National Cancer
Institute has recognized nanotechnology as an emerging field with
the potential to revolutionize modern medicine for detection,
treatment, and prevention of cancer [29]. More selective therapies,
such as angiogenesis inhibitors, vascular disrupting agents, and
estrogenic HER-2-targeted therapies have been developed to treat
cancer, these approaches have increased patient survival because
of treatment efficacy [30].

Most solid tumors possess unique features, including enhanced
angiogenesis, defective vasculature and lymphatic, increased
vascular permeability, which stimulate their growth. Rationally
designed nanoparticles can take advantage of these tumor features
to deliver chemotherapeutics selectively and specifically [14].

These results together the death of cancer cells through the
mechanism of apoptosis and anti-inflammatory activity associated
with decreased levels of the pro-inflammatory cytokines, directly
related to the maintenance of chronic inflammation processes,
indicate this system as a viable alternative when considering an
ideal system for cancer treatment, since it showed the controlled
release properties, low toxicity to normal cells and also an
indication of anti-inflammatory activity which could act as an
adjuvant treatment [30].
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