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Abstract: Dithiocarbazates comprise an important class of Schiff bases that have remarkable
pharmacological applications due to the imine group present in their structure. However, the
lipophilic character of 1-(S-benzyldithiocarbazate)-3-methyl-5-phenyl-pyrazole (DTC) limits its
gastrointestinal absorption leading to low oral bioavailability. Using DTC-loaded nanoparticles,
such as mesoporous silica nanoparticles (MSiNP), synthesized by the Stober method, which allows
controlling pores, walls, and surfaces, can be an excellent strategy to overcome these drawbacks. In
this sense, the present work reports the loading of DTC in MSiNP aiming at potential application in
drug delivery and targeting.
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1. Introduction

Schiff bases are organic compounds that have been widely used since their first
report by Hugo Schiff [1]. Thiosemicarbazones, semicarbazones, hydrazide/hydrazones
and dithiocarbazates are compounds containing derived from the condensation of
primary amines with aldehydes or ketones. Schiff bases are characterized by the presence
of the bond > C=N, which is known to have significant biological and pharmacological
properties [2], including antifungal, antibacterial, antiproliferative, anti-inflammatory,
antiviral, antitumor, as well as for especially neglected diseases such as malaria,
trypanosomiasis, and tuberculosis [3-6]. However, the lipophilic character of these
compounds limits its administration resulting in low oral bioavailability. Such limitations
can be overcome using drug delivery systems (DDS), which can provide more effective
treatment regimens, control the dosage of drugs, and especially improve drug safety [7-
9]. A compound extensively investigated in the scientific community as DDS are the
mesoporous silica nanoparticles (MSiNP) created in 1960 as a catalyst, being later
modified to improve their absorption properties, in 1968 by Stober. MSiNP have several
advantages due to their specific characteristics, such as: ordered pore network with
homogeneous size (50 to 3000 nm); provide cavities that can host and release a wide
variety of biomolecules and therapeutic agents; uniform and adjustable particle size and
shape for each medical application; non-toxicity and biocompatibility [10,11]. In this
sense, the focus of the present study was to synthesize and characterize a drug delivery
system (DDS) for the delivery of dithiocarbazate (3-methyl-5-phenyl-pyrazoline-1-(S-
benzyldithiocarbazate) (DTC)), based on a hybrid nanocarrier consisting of DTC adhered
to the surface of mesoporous silica nanoparticles (MSiNP).
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2. Materials and Methods
2.1. Synthesis of DTC

Dithiocarbazate compound, 1-(S-benzyldithiocarbazate)-3-methyl-5-phenyl-
pyrazole, (DTC, CisHisN2S2) was synthesized according to previously reported
procedures [12] by adding two drops of concentrated HCI in equimolar mixture of 4-
phenyl-2,4-butanedione and the appropriate hydrazone in 10 mL of methanol (Scheme 1).
The mixture was refluxed for 2 h and after DTC precipitation, the material was
recrystallized from methanol and dried over anhydrous CaCl..
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Scheme 1. Synthesis of 1-(S-benzyldithiocarbazate)-3-methyl-5-phenyl-pyrazole (DTC, CisHisN2Sz).

2.2. Synthesis of MSiNP and MSiNP-DTC

Synthesis of MSiNP was carried out under a high concentration of precursors, which
results in nanoparticles of highly uniform spherical shape (Scheme 2). For this procedure,
750 mg of cetyltrimethylammonium bromide (CTAB) was dissolved in 20 mL of an
aqueous solution of NHs (0.048 mol L) followed by homogenization under magnetic
stirring in a round bottom distillation flask connected to a condenser reflux at 5 °C (to
prevent evaporation of ethanol). To this solution, 3.2 mL of absolute ethanol was added
as a co-solvent and the mixture was homogenized for 15 min at 60 °C. Sequentially, 2.5
mL of tetraethyl orthosilicate (TEOS) (1.2 mmol) was inserted in the solution and the flask
kept at the same temperature for 2 h with agitation. At the end of the reaction, the
compounds were isolated by centrifugation and washed with absolute ethanol before
extraction of the soft mold (CTAB). Finally, the sample was washed twice with absolute
ethanol and dried at 60 °C for 24 h. The residual CTAB was removed in an inert
atmosphere (N2) at 550 °C with a rate of 3 °C/min for 5 h [13]. For DTC-loaded MSiNP, 5
mg of DTC were solubilized in 10 mL of acetone at 37 °C followed by the addition of 100
mg of MSiNP. The reaction was maintained for 2 h and then centrifuged at 15,000 rpm,
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Scheme 2. Synthesis of MSiNP and MSiNP-DTC.

2.3. Suspensions and Characterization of MSINP and MSiNP-DTC

Hydrodynamic diameter (Z-Ave) and PDI of the prepared MSiNP/MSiNP-DTC were
determined by dynamic light scattering (DLS) using a Malvern Zetasizer Nano Z590
(Malvern, United Kingdom) at 25 °C. The zeta potential (ZP) was determined by applying
an electric field to the samples, and the values of the ZP were obtained by measuring the
velocity of the electrophoretic mobility of the particles using the Doppler laser
anemometry technique (Malvern Zetasizer Nano ZS (Malvern Instruments, Worcs, UK)
at 25 °C. All samples were diluted in Milli-Q water (500 mg L) by sonication for 30 min
in an ultrasonic bath (Ultrasonic Cleaner, SONICA®, Soltec, Milan, Italy), and 1 mL was
used for the analysis. Data were expressed as mean + standard deviation (SD) of three
measurements.

2.4. Transmission Electron Microscope (TEM) Analysis

The morphology of nanoparticles was checked by transmission electron microscopy
(TEM) (Hitachi model H8100, with LaB6 filament and using an accelerating voltage of 200
kV). Images were acquired with an Olympus Keenview CCD camera (formerly Soft
Imaging). MSiNP and MSiNP-DTC were dispersed in Milli-Q water by sonication for 30
min in an ultrasonic bath and placed on copper grids covered with carbon coating for
TEM observations.

2.5. Fourier Transform Infrared (FT-IR)

FT-IR spectra were performed using a Bruker Vector 22 spectrometer in the 400-4000
cm! region. Loaded and unloaded silica nanoparticles were mixed with suitable amount
of micronized KBr powder and compressed into disks with a force of 10 kN using a
manual press to prepare the tablet. For each spectrum, an interferogram of 100 scans was
collected with a resolution of 4 cm™ in the medium infrared region at 25 °C.

2.6. Thermal Analysis

Differential scanning calorimetry (DSC) analyzes were performed using a DSC 7020
(Hitachi High-Tech Science Corporation, Japan). Analysis was performed with about 10
mg of MSiNP placed in an aluminum pan (7.5 pL), which was hermetically sealed. Scans
were carried out from 25 to 600 °C at a heating rate of 5 °C min under nitrogen
atmosphere (100 mL min'). Data were obtained through the calculated area using Hitachi
DSC 7020 software.
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2.7. Entrapment Efficiency

Briefly, 5 mg of MSiNP-DTC were dispersed in 1 mL of ethanol and centrifuged at
13,500 rpm for 30 min. Then, 200 uL of supernatant was removed and diluted with ethanol
to 500 uL and analyzed by UV-visible spectroscopy at 303 nm, using T70 UV-VIS Spec-
trometer PG Instruments Ltd. Data were expressed as mean + SD of three measurements.
The entrapment efficiency (% EE) (1) and the drug load (% DL) (2) were determined by
the following Equations (1) and (2), respectively.

(Amount of initial DTC — Amount of free DTC)
X
Amount of initial DTC

(Amount of initial DTC — Amount of free DTC)
X
Total Nanoparticle

%EE =

100 (1)

%DL = 100 )

2.8. Nitrogen Adsorption

The surface areas of the different mesoporous silica grades were determined by ni-
trogen adsorption at =196 °C using a TriStar II Plus 2.02 from Micrometrics. Specific sur-
face areas (SBET) were calculated by using the Brunauer-Emmett-Teller (BET) method.
Pore size distribution and pore volume were estimated from the desorption branch of the
N: adsorption—desorption isotherms by applying the Barrett-Joyner-Halenda (BJH)
method. Measurements were performed in triplicate for each sample and the data were
represented by mean + SD.

3. Results and Discussion

MSiNP were synthesized using a positively charged CTAB as template and NHs as
catalytic agent in aqueous conditions, through hydrolysis and condensation of tetra-
ethoxsilane. After the reaction, the nanoparticles were loaded with Schiff’s base (DTC) to
be used as a drug release model. For this type of system, it is extremely important to eval-
uate the size and stability of the nanoparticles since these properties influence the in vivo
performance. The results show a Z-Ave ranging from 168.4 + 3.9 nm for unloaded MSiNP
to 175.7 £ 1.0 nm for MSiNP-DTC, which corroborated that the encapsulation of DTC in
MSINP did not change the size of the nanoparticles. Concerning the PDI, the obtained
values for both unloaded and loaded nanoparticles suggest monodispersing formula-
tions, resulting in values of 0.29 + 0.02 and 0.38 + 0.04, for MSiNP and MSiNP-DTC respec-
tively. ZP values for MSiNP changed from positive 16.8 + 0.2 mV to negative values -11.7
£ 0.4 mV after calcination in a nitrogen atmosphere, due to neutralization of the ionizable
fraction (residual silanol groups (5i-OH)) of the nanoparticles. After surface modification
with DTC, higher ZP values (-21.9 + 0.3 mV) were observed in comparison with unloaded
nanoparticles.

TEM was used to evaluate the size, structure, and morphology of nanoparticles. Fig-
ure 1 shows the formation of spherical MSiNP with particle size around 48.0 + 5.2 nm for
MSiINP and 47.0 £ 6.0 nm for MSiNP-DTC. Furthermore, the TEM image clearly shows the
mesoporous structure and that surface modification with DTC had no impact on the size,
shape, and morphology of MSiNP. The reduction of the average diameter observed in
TEM agrees with the Z-Ave obtained by DLS measurements, because the size of dried
structure analyzed by TEM must be smaller than the same structure with the solvation
layer around its surface analyzed by DLS [14].
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Figure 1. TEM images of (a) MSiNP and (b) MSiNP-DTC and their Histograms (size distributions)
calculated by Image] (V 1.8.0).

The FT-IR spectra of DTC, MSiNP and MSiNP-DTC are shown in Figure 2 and Figure
3, respectively. DTC has two intense bands at 1574 and 1031 cm™, which can be assigned
to the v(C=N) and v(N-N) modes, respectively (Figure 2). These bands are extremely im-
portant because they refer to the imine group, and a possible shift in their frequencies may
be indicative of DTC encapsulation in silica matrix, in which a shift to lower frequencies
is associated with a reduced binding order, while the shift to higher frequencies corre-
sponds to an increase in the connection order. Figure 3 shows the spectra from MSiNP (a),
MSiNP calcined (b) and MSiNP-DTC (c). The absorption band around 1096 cm™ is due to
the vibrations of asymmetric stretching of Si-O-5i, which indicates the presence of silica
in the MSiNP, while the peaks at 807 and 468 cm™ attributed to the groups Si-O-5i are
symmetrical stretching and flexing vibrations, respectively (Figure 3a).
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Figure 2. Vibrational spectrum in the infrared region of the compound DTC in KBr.

In the spectrum of MSiINP-DTC, it was not observed the appearance of new bands
(Figure 3c). However the main bands of DTC that were reported above (Figure 2), suffered
displacement increasing the intensity of the bands related to silica, (1627 cm™), and thus,
we can infer that it is the vibration band v(C=N); 1096 cm™ shows the bands v(N-N) and
V(N-N); 963 cm™ v(N-N); 796 cm™ v(SCS) and finally at 475 cm™ the band v(CSC) [15-
18].

Transmitance
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Figure 3. Vibrational Spectrum in the Infrared region of the MSiNP (a), MSiNP calcined (b) and
MSiNP-DTC (c).

The thermal studies of all samples were carried out within a temperature range of
25-600 °C under the dynamic atmosphere of nitrogen to investigate their thermal stability.
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For DTC, the thermal analysis was previously performed by Costa et al., (2019) [19] in
which DSC presented an intense and sharp endothermic peak at 107 °C attributed to the
melting process and at 300 °C associated with the process of decomposition or evapora-
tion of the sample. Figure 4 illustrates the DSC profiles of MSiNP and DTC-loaded MSiNP.
As MSINP did not have any transitions in the temperature range of 25-600 °C (Figure 4a),
only the thermal transition of MSiNP-DTC was observed. Thus, a melting endothermic
peak at around 104 °C was observed in the thermogram of MSiNP-DTC (Figure 4b), which
is indicative of a crystalline state of the drug, confirming DTC loading into MSiNP [20].

(b)

T T T T T T T 1
0 100 200 300 400 500 600
Temperature (°C)

Figure 4. DSC profiles of MSINP (a) and MSiNP-DTC (b).

It is known that inorganic carriers such as MSiNP tend to have high loading capacity
but low loading efficiency, unlike organic carriers such as micelles, liposomes, and poly-
meric nanoparticles [21]. However, in this study, MSiNP-DTC maintained an efficient
drug load (4.79 + 0.04%) and high entrapment (95.77 + 0.08%) capacity that may result
from strong electrostatic and hydrogen bonding interactions between DTC and silica ma-
trix. Furthermore, MSiNP exhibited a high BET surface area of 1021.05 + 14.6 m?/g, pore
volume of 1.61+ 0.04 cm?3/g, and mean pore size of 6.29 + 0.1 nm. For MSiNP-DTC, the
measured surface area and pore volume were estimated to be 617.99 + 15.3 m?/g and 1.01
£ 0.01 cm?/g, respectively, while the mean pore size calculated from the N2 adsorption—
desorption isotherm was 6.52 + 0.1 nm. In Figure 5, graphs (a) and (b) show the adsorp-
tion-desorption isotherms of MSiNP and MSiNP-DTC, respectively and correspond to
type IV adsorption-desorption isotherms according to IUPAC, which are typical for ma-
terials with mesoporous structures with cylindrical pores [22]. On the other hand, the
mean pore size for MSiNP-DTC does not decrease or even increase slightly, which may
be an indication that pore entry is blocked (this is also confirmed by the large decrease in
specific surface area and volume of the pore) due to the size of DTC molecule. Although
such a change in textural properties occurred after binding DTC, the MSiNP containing
DTC still maintained the typical mesoporous structure during the immobilization process
[17,23].
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Figure 5. Nitrogen isotherms from MSiNP (a) and MSiNP-DTC (b).

4. Conclusions

In conclusion, DTC compound was successfully synthesized and loaded into the
mesoporous matrix MSiNP by means of a simple and efficient synthesis. The characteri-
zation of the obtained MSiNP shows that nanoparticles have sizes suitable for drug deliv-
ery systems (DDS), stable in aqueous solutions which suggests monodisperse dispersions.
Zeta potential analysis showed a shifted to negative values of MSiNP when loaded with
DTC, which may indicate the successful adsorption at MSiNP surface. FTIR analysis
showed that DTC loading did not induce changes in the bands in comparison with un-
loaded nanoparticles. However, the FTIR spectra suffered major bands DTC displace-
ment, increasing the intensity of the bands related to silica matrix. Regarding to the nitro-
gen adsorption results, the pore size was larger after loading DTC in MSiNP and this may
be related to the DTC being present on the matrix surface instead of the pores. Concerning
to the loading efficiency of MSiNP, DTC was successfully incorporated in MSiNP, and
these results suggest that MSiNP-DTC have potential for the use in drug delivery appli-
cations, improving stability and overcoming the low water solubility of Schiff’s dithio-
carbazate bases.
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