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a  b  s  t  r  a  c  t

Solid-state  [La(Nap)3(H2O)],  in  which  Nap  is  naproxen  have  been  synthesized.  Thermogravimetry  (TG),
differential  thermal  analysis  (DTA),  differential  scanning  calorimetry  (DSC),  powder  X-ray  diffractom-
etry (XRD),  elemental  analysis,  complexometric  titration,  middle  (MIR)  and  near  (NIR)  infrared  region
spectroscopy  were  used  to characterize  this  compound  and  confirm  the  proposed  stoichiometry.  The
experimental  results  provided  information  concerning  the  chemical  composition,  dehydration,  coordi-
nation  modes  of the  ligand,  crystallinity  of  the  sample,  thermal  behavior,  thermal  decomposition  and
polymorphism.  Theoretical  calculations  helped  in the  assignment  of  the MIR  vibrational  bands  and  in
the  understanding  of  the  coordination  mode  of the  ligands.  Cyclic  DSC  and  XRD  in  different  temper-
pectroscopic studies
olymorphism
anthanum
n vitro biological studies

atures  demonstrated  that  the  complex  presents  five  temperature  dependent  polymorphic  forms.  MIR
spectroscopy  suggest  that  the naproxen  coordinates  through  the  carboxylate  group  as  a  chelating  ligand.
[La(Nap)3(H2O)]  showed  lower  cell  cytotoxicity  in  comparison  to naproxen.  The  compound  increased
the  production  of  pro-inflammatory  metabolites,  such  as  TNF-�,  IL-1�  and  H2O2, and  decreased  an  IL-8

e  traf
level,  that  interferes  in  th

. Introduction

Lanthanides complexes with non-steroidal anti-inflammatory
as been synthesized and studied by our group. Complexes with
etoprofen exhibit spectroscopic and biological properties which
nable applications in biological and technological fields [1–4].
omplexes with ibuprofen, indomethacin and mefenamic acid has
lso been investigated by our group [5–7].

Naproxen (Nap, Fig. 1a), or (+)-(S)-2-(6-methoxynaphthalen-
-yl)propanoic acid, is a NSAID that belongs to the class of
-arylpropionic acids, which constitute a considerable group of
harmaceutical and commercial interest (Fig. 1a) [8]. Chen et al.
9] synthesized naproxen complexes with lanthanides (except
adolinium and lutetium), but no detailed thermal study of the
omplexes was been done in this study. The anti-inflammatory
ction studies for the neodymium complex were performed in vivo,

ithout a cytotoxicity assay in human cells, which exhibits higher

nti-inflammatory activity than naproxen.

∗ Corresponding author.
E-mail address: gilbert@fc.unesp.br (G. Bannach).

ttp://dx.doi.org/10.1016/j.tca.2016.10.007
040-6031/© 2016 Elsevier B.V. All rights reserved.
ficking  of inflammatory  cells.
©  2016  Elsevier  B.V.  All  rights  reserved.

Thermal methods of analysis has been widely used in the coor-
dination chemistry and in the pharmaceutical field to study solid
state reactions [10], polymorphism [11], thermal stability [12], drug
formulations [13], purity [14], reaction kinetics [15], evolved gas
analysis by coupled TG-FTIR [16,17] and other properties of solid
compounds used in pharmaceutical industry.

Thus, this work’s purpose is to provide a detailed study of
the thermal behavior of the lanthanum complex with naproxen,
spectroscopic information in ultraviolet, visible, near and middle
infrared regions and in vitro biological activity.

2. Experimental

2.1. Synthesis of the complex

Naproxen (acid form) with ≥ 98% purity was  purchased from
Aldrich and was used without further purification. An aqueous
solution of naproxen sodium salt (0.1 mol L−1) was prepared by
neutralizing an aqueous naproxen suspension with a 0.1 mol  L−1
sodium hydroxide solution and the pH was adjusted to 8.0. Lan-
thanum chloride was prepared from the corresponding metal oxide
(La2O3, Aldrich, ≥99.9% purity) by the treatment with concentrated
hydrochloric acid. The resulting solutions were evaporated to near

dx.doi.org/10.1016/j.tca.2016.10.007
http://www.sciencedirect.com/science/journal/00406031
http://www.elsevier.com/locate/tca
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tca.2016.10.007&domain=pdf
mailto:gilbert@fc.unesp.br
dx.doi.org/10.1016/j.tca.2016.10.007
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Fig. 1. Structural formula of (a

ryness by heating, the remaining residue were redissolved in dis-
illed water and the solution were once again evaporated to near
ryness to eliminate the excess of hydrochloric acid. The residue
as finally dissolved in distilled water, transferred to a volumetric
ask and diluted in order to obtain ca. 0.1 mol  L−1 solutions, whose
H’s were adjusted to 5.0 by adding diluted sodium hydroxide or
ydrochloric acid solutions.

The complex were prepared by adding, slowly and under contin-
ous stirring the naproxen sodium salt to the lanthanum chloride
olution until total precipitation of the complex. The precipitate
as filtered through a Whatman no. 42 filter paper, washed with
istilled water in order to eliminate the chloride ions and kept in

 desiccator with anhydrous calcium chloride under reduced pres-
ure.

.2. Characterizations

Simultaneous thermogravimetry and differential thermal anal-
sis (TG-DTA) curves were obtained with a SDT 2960 (TA
nstruments) thermal analysis equipment, under the following
xperimental conditions: open �-alumina crucibles, heating rate
f 20 ◦C min−1, air atmosphere at a 100 ml  min−1 flow and sample
f 7.02 mg.

The metal contents were determined by complexometric titra-
ions with standard EDTA solution using xylenol orange as indicator
18]. The contents of carbon and hydrogen were analyzed using a
erkin-Elmer 2400 series II analyzer.

The differential scanning calorimetry (DSC) curve of the com-
lex was obtained on a Q-10 thermal analysis systems (TA

nstruments) under the following experimental conditions: alu-
inum crucible with perforated cover, heating and cooling rate

f 10 ◦C min−1, air atmosphere at 100 ml  min−1 flow and sample of
.92 mg.

X-ray powder diffractograms (XRD) were measured on a Shi-
adzu XRD-6000 X-ray diffractometer using Cu K� radiation

� = 1.541 Å) and settings of 40 kV and 30 mA.  The heating/cooling
f the sample follow the rate of 5 ◦C min−1 and the waiting time in
ach temperature before the measurement was 120 s.

Middle infrared region (MIR) spectra were performed on a Nico-
et iS10 FTIR spectrophotometer using an ATR accessory with Ge

indow within the 4000–600 cm−1 range. Near infrared spectra
NIR) were collected on a Thermo Scientific Antaris II spectropho-
ometer by reflectance within the 10000–4000 cm−1 range.

Diffuse reflectance (DR) spectra were acquired on a Varian Cary
000 spectrophotometer within the 200–1000 nm range with spec-
ral resolution of 0.5 nm.

.3. In vitro biological studies
.3.1. Peripheral blood mononuclear cells (PBMC)
The sample included ten healthy subjects recruited from blood

ank. The inclusion criterion was the signing of the Consent and
oxen and (b) [La(nap)3(H2O)].

Informed. This study was approved by the Research Ethics Com-
mittee of the School of Sciences of UNESP Bauru. Written informed
consent for participation and publication of data were obtained
and signed by all participants. Peripheral blood was obtained
from healthy subjects by venous puncture and placed into 10.0 ml
sterile tubes containing 20.0 U/mL heparin. Mononuclear cells
were recovered by density gradient separation using Histopaque®-
1077 (Sigma-Aldrich, St. Louis, MO,  USA) and, afterwards, washed
with RPMI 1640 culture medium (Nutricell, Campinas-SP, Brazil)
for 10 min  at 1500 rpm. After this procedure, the cells were re-
suspended in RPMI 1640 culture medium supplemented with
20% autologous serum and streptomycin/penicillin (complete
medium). The cell count was  performed using Turk’s solution and
the viability of PBMC was assessed by Trypan Blue (0.1%) uptake.
The cell concentration was adjusted to 106 cells mL−1.

2.3.2. Cytotoxicity assay
The MTT  (3-(4,5-dimetietiazol-2yl)-2,5-diphenyltetrazolium

bromide) is a water soluble salt. The same is reacted with mitochon-
drial dehydrogenases present only in metabolically active cells,
i.e., living cells resulting in the production of formazan crystals in
purple, water insoluble [19]. This salt is therefore used to deter-
mine cell viability. The compounds were dissolved in serial 2-fold
dilutions in 100% dimethyl sulfoxide (DMSO) and were prepared
in a range of concentration from 50.0 mg  mL−1 to 1.56 mg  mL−1.
PBMC (106 cells mL−1) were seed into 96 well culture plates and
stimulated with 1 �l of each Nap or La-Nap range. The cells were
incubated for 96 h at 37 ◦C in 5% CO2. After incubation, the culture
plate was centrifuged for 5 min  at 1500 rpm. The supernatant was
discarded and the cells resuspended in complete medium contain-
ing MTT  (5 mg  mL−1). The plate was incubated for 2 h at 37 ◦C in
5% CO2 and after this period, centrifuged for 5 min  at 1500 rpm.
The supernatant was removed and the cells were resuspended in
100 �l of dimethyl sulfoxide (DMSO) per well. After 5 min, the plate
was read in an ELISA reader at 540 nm.  The cytotoxicity index (IC)
was obtained from the ratio of the test culture stimulated by the
Nap or La-Nap and a control culture containing only cells stimu-
lates with 1 �l of DMSO. The values lower than the values obtained
in control cultures was considered cytotoxic and the values higher
than the values obtained in the control culture was considered no
citotoxic.

2.3.3. Monocyte cell culture
Mononuclear cells were obtained as described in PBMC item.

To obtain human monocytes, PBMC were counted with phe-
nol red solution (0.02%) and the concentration was adjusted to

1 × 106 cells mL−1. Cells were seeded in 96-well culture plate and
incubated for 1 h at 37 ◦C and 5% CO2 for adhesion. After this period,
the supernatant was  removed and adhered cells were resuspended
in complete medium. To evaluate the influence of compounds in
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Fig. 2. TG-DTA curves for [La(nap)3(H2O)] (m = 7.02 mg).
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Fig. 3. DSC curve for [La(nap)3(H2O)] (m = 2.92 mg).

n inflammatory microenvironment, monocytes were submitted
o four treatments:

) 1 �l of DMSO (negative internal control);
) lipopolysaccharide—LPS, 10.0 mg  mL−1 (positive internal con-

trol);
) simultaneous stimulation with LPS and 1 �l of Nap

(50.0 mg  mL−1); and
) simultaneous stimulation with LPS and 1 �l of La-Nap

(61.4 mg  mL−1).

The cells were incubated at 37 ◦C and 5% CO2. After 24 h, the
upernatants were collected for cytokine quantification and the
dherent cells were submitted to the determination of hydrogen
eroxide (H2O2) release.

.3.4. Production of hydrogen peroxide (H2O2)
At the end of monocyte culture incubation, the supernatant was

emoved and the cells were incubated with phenol red solution
dextrose (Sigma), phenol red (Sigma), horseradish peroxidase type
I (Sigma)] and plated at 37 ◦C in 5% CO2 for 2 h according to the

ethods of Russo et al. [20]. The reaction was stopped with the

ddition of 1 N NaOH and the H2O2 concentration was determined
sing an ELISA microreader (EL800, BIO-TEK Instruments, INC). The
oncentration was calculated using analytical curve (0.5–8.0 nM
2O2).
Fig. 4. XRD diffractograms for [La(nap)3(H2O)] obtained at (a) room temperature,
(b) 138 ◦C, (c) 176 ◦C, (d) 197 ◦C and (e) 205 ◦C (after cooling).

2.3.5. Quantification of cytokines
The levels of interleukin-8 (IL-8), interleukin 1 beta (IL-1 �),

interleukin 6 (IL-6), interleukin 10 (IL-10), interleukin 12 (IL-12p70)
and tumor necrosis factor alpha (TNF-�) were determined by
FACS (fluorescence-activated cell sorting) using BD cytometric bead
array (CBA—BD Biosciences, CA, USA).

2.3.6. Statistical analysis
To test for the normality of data, results were analyzed by

Shapiro-Wilk’s test. Comparison between Nap and each compound
was made by Wilcoxon test to non-parametric samples and made
by Paired t-test to parametric samples. Values of p < 0.05 were
considered statistically significant, that corresponds to 95% of con-
fidence level. The GraphPad Prism v5.0 Statistical Guide (2007,
GraphPad Software Inc., USA) for Windows was used to analyze
data and create graphs.

3. Results and discussion

3.1. Characterization and thermal study

The elemental analysis, complexometric titration and thermo-
gravimetric results are shown in Table 1. These data permitted to
establish the stoichiometry of the complex, which is in agreement
with the formula [La(Nap)3(H2O)] (Fig. 1b). No single crystals where
obtained for the complex; therefore, theoretical calculations have

been used to understand the geometry and the coordination poly-
hedron of the complex. The computational strategy was  detailed in
the Supplementary material. The optimized structure for the com-
plex is shown in Fig. S1 (see Supplementary material), while the
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Table  1
Analytical data of [La(Nap)3(H2O)] complex.

C (%) H (%) Metal (%) �Ligand (%) Water (%) Final Residue (%)

C
m
c
i
a
b

F
t
T
t

1
e
t
d
t
a

t
t
fi

F
h

Calc. Exp. Calc. Exp. Calc. TG EDTA 

59.66 59.25 4.89 4.97 16.44 16.15 16.49 

artesian coordinates, bond distances and other geometry infor-
ation are listed in Table S1 (see Supplementary material). The

oordination polyhedral obtained from the theoretical calculations
s shown in Fig. S2 (see Supplementary material), the ligands are
rranged around the ion with a trigonal prism geometry, distorted
y the presence of the coordinated water molecule.

The simultaneous TG-DTA curve of the complex is shown in
ig. 2 and the details of the thermal events (mass losses, tempera-
ure intervals and peak temperatures) are described in Table 2. The
G curves exhibit mass losses in five steps and their corresponding
hermal events in the DTA.

The first mass loss occurs in a single step between 30 and
35 ◦C due to the dehydration of the complex with a correspondent
ndothermic peak at 127 ◦C in the DTA curve. The TG curves show
hat the anhydrous complex is stable up to 227 ◦C and after the
ehydration, the mass losses observed for the compound are due
o their thermal decompositions, which take place in consecutive
nd/or overlapping steps.

The second and third mass loss of the compound are assigned to

he ligand decomposition whereas the fourth mass loss is assigned
o the oxidation of the remaining organic matter, which is con-
rmed by the intense exothermic peak at 567 ◦C. The fifth mass loss

ig. 5. Cyclic DSC curve for [La(nap)3(H2O)] (m = 2.92 mg); (a) first heating/cooling cycl
eating  cycle.
Calc. TG Calc. TG Calc. TG Oxide

78.59 78.70 2.13 2.35 19.28 18.95 La2O3

is related to the lanthanum dioxycarbonate intermediate decom-
position to lanthanum oxide [21], according to the reaction:

La2O2CO3(s)→ La2O3(s)+CO2(g)

The final residue of thermal decomposition for the complex is
La2O3, as proven by X-ray powder diffractometry.

The DSC curve of the complex was shown in Fig. 3 and
three main events are seen. The first is related to the dehy-
dration of the compound (endothermic peak at 130 ◦C) with
an �Hdehydration = 41.88 kJ mol−1. The second event at 171 ◦C
(endothermic peak) and the third, which is divided in two over-
lapped peaks (endothermic peaks at 195 and 202 ◦C), occurs
without mass loss in the TG curve. For a better understanding of
these events, a cyclic DSC curve was  been performed (Fig. 5) which
was correlated with X-ray powder diffractograms in some interest
temperature (Fig. 4).

The X-ray powder diffractogram obtained at room temperature
(Fig. 4a) showed that the complex were obtained with a certain
crystallinity degree. The most intense peaks appears at 2� = 5.7, 8.9,

11.5, 16.9, 17.2 and 17.8.

The cyclic DSC provides information about the reversibility of
the thermal events. In the first heating/cooling cycle (Fig. 5a), it is
possible to see the dehydration process, reported above; no ther-

e, (b) second heating/cooling cycle, (c) third heating/cooling cycle and (d) fourth
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Table  2
Thermal events of the [La(Nap)3(H2O)] complex.

Step

First Second Third Fourth Fifty

[La(Nap)3(H2O)] � (◦C) 30–135 227–365 

loss  (%) 2.35 9.88 

peak (◦C) 127 (endo) 279 (exo)
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ig. 6. MIR  spectra of (a) sodium salt of naproxen, (b) [La(nap)3(H2O)] (experimen-
al) and (c) [La(nap)3(H2O)] (theoretical).

al  event was seen in the cooling indicating that the change in
rystallinity after the dehydration process (Fig. 4a–b) occurs only
y the loss of the coordinated water molecule. In the second heat-

ng cycle (Fig. 5b), the endothermic peak at 171 ◦C is assigned to a
rystalline transition and in the second cooling, the reversibility of
his event is seen (exothermic event at 164 ◦C). In the third heating
ycle (Fig. 5c) an event with two overlapped endothermic peaks
195 and 202 ◦C) is observed and in the cooling, the reversibility of
ne of these events occurs (exothermic event at 138 ◦C) followed
y a glass transition at 76 ◦C. In the fourth heating cycle (Fig. 5d)
he reversibility of the glass transition is seen (at 75 ◦C), followed by
n exothermic event at 162 ◦C, assigned to the reversibility of the
ther overlapped event of the previous heating cycle and finally, it
s observed again the endothermic peaks at 195 and 202 ◦C.

These events were analyzed together to X-ray powder diffrac-
ogram in different temperatures (Fig. 4) and confirms the
ssignment of the events as crystalline transitions.

Correlating the cyclic DSC data with the temperature dependent
-ray powder diffractograms we suggest that the [La(Nap)3(H2O)]
omplex has five temperature dependent polymorphic forms. The
orm I, obtained during synthesis (Fig. 4a), is converted to form II
fter the dehydration (Fig. 4b). The form II becomes form III at 171 ◦C
Fig. 4c). The form IV is obtained by the heating of the previous
orms until 195 ◦C (Fig. 4d), which is converted to form V at 202 ◦C
Fig. 4e). By the cooling of the form V is possible to return to the
orm IV.

.2. Vibrational spectroscopy

MIR  data of naproxen sodium salt and lanthanum com-
lex (experimental and theoretical) are shown in Table S2 (see
upplementary material) and Fig. 6. The bands attributed to the car-

oxylate group for naproxen sodium salt are centered at 1585 cm−1

asymmetric stretching) and 1391 cm−1 (symmetric stretching).
or the complex, these bands are centered at 1549 and 1405 cm−1,
espectively. The calculated values of � (�asymmetric − �symmetric)
365–465 465–584 584–705
16.93 49.33 2.56
– 489 and 567 (exo) 661–710 (endoterm)

for the complex (144 cm−1) show smaller values in comparison
with those calculated for the sodium salt (194 cm−1), suggesting
that naproxen is coordinated to lanthanum through the carboxy-
late group as a bidentate chelating ligand [22]. A good correlation
were found between the experimental and theoretical bands indi-
cating that the optimized geometry can explain the coordination
mode of the complex.

NIR data of the acid form of naproxen, naproxen sodium salt
and lanthanum complex are shown in Table S3 and Fig. S3 (see
Supplementary material). Spectra of the sodium salt confirms the
total deprotonation and the absence of acid contamination. Water
bands appears in the sodium salt and complex spectra.

3.3. Electronic spectroscopy

Trivalent lanthanum have an f0 electronic configuration, i.e.,
the core electronic structure has filled shells and as a result, no
electronic transition appears in the ultraviolet and visible region,
since higher energies are required to promote an electron from
filled shells [23], therefore, the large bands that appears in the
230–385 nm range of the DR spectra, Fig. S4 (see Supplementary
material), is assigned to the ligand � → �* and n → �* transitions
[24].

3.4. In vitro biological studies

The results concerning the cytotoxicity are summarized in
Fig. 7a. We  verified that naproxen (Nap) has cytotoxic effect on
the concentrations of 50.0, 25.0 and 12.5 mg  mL−1 in comparison
to the control cultures (CC). On the other hand, concentrations of
3.12 and 1.56 mg  mL−1 of Nap demonstrated higher cell viability
than CC. The compound of lanthanide and naproxen (La-Nap) has
cytotoxic effect on the concentrations of 50.0 and 25.0 mg  mL−1

in comparison to the control cultures (CC). Similarly to Nap, the
La-Nap demonstrated higher cell viability than CC in the concen-
trations of 3.12 and 1.56 mg  mL−1. Comparing the cytotoxic activity
of Nap and La-Nap we  verified that the La-Nap showed lower cyto-
toxicity activity in comparison to Nap in the concentrations of 12.5
and 6.25 mg  mL−1.

The inflammatory activity of the La-Nap was assessed by their
capacity to induce the production of pro-inflammatory metabo-
lites such as cytokines and hydrogen peroxide (H2O2). As a positive
control of an inflammatory microenvironment, we used LPS, a
potent pro-inflammatory inducer present in the cell wall of Gram-
negative bacteria. To assess the anti-inflammatory potential of
La-Nap, the compound was  added in an initial concentration into
the LPS-stimulated monocyte cultures. Cultures with La-Nap exhib-
ited higher levels of TNF-� and IL-1� and lower production of IL-8
compared to Nap treatment (Fig. 7b). This compound did not inter-
fere in the IL-6, IL-10 and IL-12p70 production by LPS-stimulated
monocyte cultures. The La-Nap also increased the production of
H2O2 in comparison to Nap (Fig. 7c).

In the present study, we  observed that the complex of lan-

thanide with naproxen (La-Nap) reduced the anti-inflammatory
properties of the compound since LPS-stimulated monocytes
showed increased levels of TNF-� and IL-1�, cytokines known
to characterize the inflammatory processes, whose production is
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Fig. 7. Biological activities; (a) Index of cytotoxicity. Human PBMCs were stimu-
lated with naproxen (Nap) or lanthanide compound, [La(nap)3(H2O)], in different
concentrations and evaluated after 96 h by MTT  assay. The index was expressed
using the test-culture: control-culture (CC) ratio. The results are expressed as
mean ± SEM (Standard error of the mean). T-paired test, #p < 0.05 (95% confidence
interval) in comparison to CC and *p < 0.05 between Nap and [La(nap)3(H2O)], (b)
Cytokine production. LPS-stimulated human monocytes were challenged with Nap
or  [La(nap)3(H2O)] for 24 h. The production of TNF-�, IL-1� and IL-8 was  evalu-
ated by CBA kit (flow cytometry). The results are expressed as median, 25–75%
(box), and minimum-maximum (error bars), Wilcoxon test (95% confidence inter-
val),  *p < 0.05 between Nap and [La(nap)3(H2O)], and (c) Production of hydrogen
peroxide (H2O2). LPS-stimulated human monocytes were challenged with Nap or
[
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[

La(nap)3(H2O)] for 24 h and the production of H2O2 was  evaluated by phenol red
olution (ELISA microreader). The results are expressed as mean ± SEM. T-paired
est (95% confidence interval), ***p < 0.001 between Nap and [La(nap)3(H2O)].

own-regulated by naproxen [25,26]. However, we noticed that
a-Nap induced decreased production of IL-8 by these cells. IL-

 is a molecule with chemoattractant functions and is released
rom a variety of cell types during inflammation. This chemokine is
esponsible for recruitment of inflammatory cells, lymphoid traf-
cking, wound healing, angiogenesis, and metastasis [27]. Among
he diverse biological functions related to IL-8, the exacerbated
ecruitment of granulocytes into damage tissue could trigger con-
inuous inflammatory response and worsening the host response.
n this way, a drug that diminishes the production of IL-8 could
e used associated to anti-inflammatory treatments in order to
odulate the influx of leucocytes during acute and/or chronic

nflammations. For instance, HuMab 10F8 is a monoclonal antibody
hat interrupt the IL-8-dependent human neutrophil activation and

igration [28]. However, the cost for production and safety issues
epresent important factors to discouraging its uses. Thus, La-Na
s an interesting option for further studies that involves drugs that
nterferes in the trafficking of inflammatory cells.

. Conclusions

Based on the TG curves, elemental analysis and the result of com-
lexometric titration, the general formula [La(nap)3(H2O)] could
e established. The TG curve showed that dehydration occurs in
ingle step and the anhydrous complex is stable until 227 ◦C. The

G-DTA, DSC and X-ray powder diffraction provided unreported
nformation concerning the thermal behavior and thermal decom-
osition of this complex and shows that the complex exhibit five
emperature dependent polymorphic forms.

[

a Acta 644 (2016) 43–49

The MIR  data suggests that naproxen is coordinated to lan-
thanum through the carboxylate group as a bidentate chelating
ligand. Near infrared region data confirms the absence of acid con-
tamination in the sodium salt and in the complex. Absorptions in
the UV region are due to ligand � → �* and n → �* transitions.
Theoretical calculations helped in the assignment of the MIR  vibra-
tional bands and in the understanding of the coordination mode
of the ligands. The coordination polyhedral obtained from the the-
oretical calculations reveals that the ligands are arranged around
the ion with a trigonal prism geometry, distorted by the presence
of the coordinated water molecule.

The [La(Nap)3(H2O)] complex showed lower cell cytotoxic-
ity in comparison to naproxen and increased the production of
pro-inflammatory metabolites, such as TNF-�, IL-1� and H2O2.
Nevertheless, the compound decreased IL-8, an important cytokine
that interferes in the trafficking of inflammatory cells, and could be
interesting to anti-inflammatory treatments in order to modulate
the influx of leucocytes.
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