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ABSTRACT 
 
A Sol-gel silica functionalized reservoir was synthesized and 
in order to stabilize dopamine within the gel.  The drug was 
stabilized in the hydroxylated and porous nanostructured 
matrix for use as an inorganic drug delivery device. The main 
application of the nanostructured silica is for use in the 
controlled delivery of dopamine to the Central Nervous 
System (CNS), specifically in the caudate nucleus. This silica 
device has a well-defined particle size, micro and meso 
porosity (30-70 Å) and a high chemical and electronic 
stability of dopamine in the network in order to avoid 
dopamine oxidation.  The silica-dopamine is implanted in the 
corpus striatum of the brain of a rat using stereotaxic surgery. 
In this way, dopamine will be released directly to the 
damaged neurons in the brain. Three samples were prepared 
and characterized in order to optimize the reservoirs and the 
release rate.  The samples were characterized by BET, SEM, 
13C-NMR, UV-Vis Diffuse reflectance spectroscopic and 
DRX. 
 
Keywords: Sol-gel silica, Brain biocompatibility, 
Nanomedicine, Parkinson, Dopamine stabilization, Drug 
Delivery. 
 

1 INTRODUCTION 
 
The synthesis of nanostructured silica is performed 

using alkoxides as precursors, a solvent, H2O and a 
neurological drug dissolved in the initial solution. The time 
between the “sol” and the “gel” phase is referred to as the 
gelation time “tg”1. This is a very important variable because 
the neurological drug is dissolved in the solution and its 
chemical integrity must be protected2. A variation in the 

experimental gelation conditions such as polarity of the 
solvent, functionalization, additives, reaction temperature, 
reactor design, rate of stirring etc. These factors are vital in 
the stabilization of the drug at room temperature. Using this 
method, it becomes possible to synthesize biocompatible 
nanostructured reservoirs which may be modified to meet the  
treatment3. Jean-Marie Lehn4 defines supramolecular 
chemistry (SC) as the chemistry which reaches beyond that of 
simple molecular interactions. SC is a multidisciplinary area, 
which studies the design, the synthesis and the study of 
molecular structures joined by non-covalent bonds and form 
kinetically stable structures. Silica-dopamine has a 
supramolecular structure. The hydroxyl and amine groups 
generate self assembled nanostructured materials. They 
contain a large number of silanol groups which are capable of 
molecular recognition. For this reason, we propose the use of 
the reservoirs as drug controlled delivery systems. 
Dopamine is a neurotransmitter which is responsible for 
several brain processes that coordinate and control 
movement, emotional response, and the capacity to feel 
pleasure and pain5. Loss of dopamine neurons in the 
substantia nigra pars compacta is one of the main pathological 
features in Parkinson's disease (PD). It is a chronic and 
degenerative disorder that affects the control of muscles, and 
so may affect movement, speech, posture, and is often 
associated with feelings of reward, desire, motivation and 
emotional response. Dopamine cannot cross the blood-brain 
barrier (BBB). For this reason, in order to increase the 
amount of dopamine in the brain, a synthetic precursor to 
dopamine, L-DOPA (levodopa), is used3. This can be 
metabolized to dopamine by aromatic-L-amino-acid 
decarboxylase. In this study, a nanodevices, which stabilizes 
dopamine was implanted into the caudate nucleus in order to 
liberate dopamine into the neural damaged area. 
Unfortunately L-dopa is somewhat inefficient due to its 
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transport toward caudate nucleus6. The quantity of drug 
which reaches the damaged tissue is only a little percentage 
that was administrated systemic via.  

  
2 EXPERIMENTAL 

 
Sol-gel silica-dopamine synthesis. Three samples were 
prepared. The first sample was pure silica, while the other 
two were silica with occluded dopamine. The latter two 
samples were prepared using different reaction conditions in 
the reflux system. In the first case the reflux was performed in 
air while in the second it was performed under a N2 
atmosphere. The sol-gel silica sample was prepared under 
basic pH conditions using 68.74 g of tetraethoxysilane 
(TEOS, 98%) in 306.36 mL of ethanol. The solution was 
added in a dropwise manner to a solution containing 239 mL 
of water over a period of 1 hour. This was followed by the 
dropwise addition of 1M ammonium hydroxide until a pH of 
9 was obtained. The Sol-gel silica/dopamine samples were 
prepared using 68.74 g of TEOS in ethanol. The solution was 
added in a dropwise manner to a solution consisting of 239 
mL of water and 2 g of dopamine hydrochloride (Sigma, 
99.9%) until the gel was obtained. Finally, the gel was dried 
at 60°C for one week. The samples were denominated as: 
pure silica, SiO2 -D-N2 and SiO2-D-air. 
XRD, TEM and BET analysis. 13C-NMR. The BET studies 
were performed using a Micromeritics equipment ASAP 
2110. XRD were obtained using a copper anode INEL 
EQUINOX diffractometer. SEM microscopy studies were 
performed using a HITACHI S5200 equipment. To obtain the 
13C-RMN spectroscopy a Varian 200 MHz was used. 
  

3 RESULTS AND DISCUSSION 

When silica is gelled with dopamine in air a yellow-brown 
powder is obtained due to the decomposition of the drug to 
dopaquinone, which was identified by UV-Vis, which present 
a characteristic band at 280 nm.  

 

Figure 1. UV-Vis Spectroscopy of the silica dopamine 
samples. (b) X ray diffraction of the three nanostructured 
materials. 

The dopamine neurotransmitter molecule has a characteristic 
band at 372 nm. In the sample SiO2-D-air this band at 372 nm 
is not observed and the band at 372 nm of dopamine can be 
seeing. In a N2 atmosphere a white powder, similar to that of 

pure silica, is obtained (Figure 1). The X-ray diffraction 
patterns show an amorphous of the nanostructured matrix, but 
are observed at 2 tetha diffraction a peak at 5° probably 
originate for the presence of the auto-assembled.  The textural 
properties obtained are shown in Table 1. For the SiO2-D-N2 
sample, a specific surface area which is 2.5 times higher than 
that of the pure matrix. On the other hand, the mean pore 
diameter decreases fourfold. For the SiO2-D-air sample, the 
texture is relatively similar to that obtained for pure silica. 
This behavior is due to the amine, C=O and hydroxyl groups 
of the dopamine molecule, which are labile and are attracted 
by the =SiO- framework species. This results in the assembly 
of the material in the silica amorphous mass as shown in 
Figure 3. The large area in this nanostructured material is due 
to the empty space generated during the assembly process in 
the reservoir. These agree with the BET results (Table 1).  It 
can be see that the hysteresis loop is the same to reference 
and SiO2-D-air and silica reference. Meanwhile SiO2-D-N2 
has higher quantity of mesoporous. 

Sample Area m2/g Mean pore diam. (Å) 
SiO2 204 199 

SiO2-D-N2 495 40 
SiO2-D-air 295 108 

Table 1. BET textural data of the materials. 

 

 

 

 

 

  

               Figure 2. N2 adsorption-desorption isotherms 

The dopamine acts as a template, which results in a different 
interaction between the silica and the dopamine in the case of 
SiO2-D-N2 compared to that for SiO2-D-air sample which 
forms dopaquinone.  This sample has a lower specific surface 
area and a larger pore diameter. The adsorption isotherms are 
close to that of Type III (UPAC classification) for both SiO2 
and SiO2-D-air. In the case of SiO2-D-N2 a Type IV isotherm 
is obtained. The large hysteresis loop obtained in the case of 
the SiO2- D-N2 is indicative of mesoporous materials with a 
highly porous structure. The smaller hysteresis loops obtained 
for both SiO2 and SiO2-D-Air are characteristic of materials 
with larger pores (Figure 2).  

In figure 3, can be see the structured nanosilica reservoirs. (a) 
Presents a panoramic micrograph of the SiO2-D-N2 but in (b) 
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the amorphous silica is observed. Note that the cauliflower    
structure is hit to the thin and large structures. In figures 3c 
and 3d is observed a zoom of the well defined and organized 
zone.  

 
Figure 3.  SiO2-D-N2 Scanning Electron Microscopy 

análysis of a dopamine molecule can be observed. Possible 
modifications in its electronic structure as a result of the 
presence of H atoms can be observed following the approach 
of a nanostructured SiO2 unit. Calculations were performed 
using a local density approximation. 

In figure 4, the structural analysis of a dopamine molecule 
can be observed. Possible modifications in its electronic 
structure as a result of the presence of H atoms can be 
observed following the approach of a nanostructured SiO2 
unit. Calculations were performed using a local density 
approximation. Density functional theory was employed 
using DMo13 high precision software. The models were 
established and geometrically optimized.  This was followed 
by a calculation of the single point to point energy in order to 
identify the most stable energy state, the electrostatic 
potential associated with the molecule, and the characteristic 
Fukui potentials. This was used to identify the electrophilic 
and nucleophilic sites. As a result of these calculations 
(Figure 4a) it is possible to understand that the most stable 
configuration (see model) tends to place the ring of the 
molecule in a planar structure, enabling equivalent 
interactions with any of its atoms as a function of structure 
and electron affinity. It is precisely this electrostatic potential 
that shows how the sites in close proximity to the nitrogen 
atoms and those that surround the benzene ring in the 
direction of the oxygen atoms clearly define the polarity of 
the molecule7,8. 
The isosurface of the HOMO of the molecule is known to be 
centered on the ring with only a small residue outside. This 
phenomena modifies the application of the dopamine, 
because the associated chemical potential (DD) is totally 
different.  The isosurface of the LUMO, follow a more 

localized configuration but as before, also on top of the ring, 
with a different polarization to that of the HOMO. 
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Figure 4. Atomistic and electronic structure of the dopamine, 

calculated by quantum mechanic. 
 

The evident effects SiO2-D-N2 system can be see in the 
electrophilic sites [f(-)]  and nucleophilic sites [f(+)]  that 
defined the tendency to react in very different places in 
comparison with the neutral molecule: (a) If the dopamine is 
considered as neutral molecule and (b) when hydrogen atoms 
presence modify all the system,  Figure 5. The distribution of 
the sites is strongly modified and in presence of hydrogen. It 
is clear that the modified system should be more reactive and 
becomes the preferred reaction pathway in interactions with 
the silica reservoirs.  This behavior causes that availability of 
the functional groups of the dopamine (NH, C=O and OH) 
interacts quickly with the receptors of the sol-gel silica 
matrix.  
 

f(-) f(+)

f(-) f(+)

a

b  
Figure 5. Atomistic and electronic structure of the dopamine 
in presence of hydrogen atoms (extra). Calculated by 
quantum mechanics. 
 
It is necessary to evaluate the interaction modes to the 
molecule without previous perturbation. A geometric 
optimization calculus of one dopamine molecule in the 
proximity of a nanostructured silica segment was made. The 
feasible interactions were found. These interactions stabilize 
the dopamine into the hydroxylated sol-gel silica. The process 
is illustrated in the Figure 6. The initial steps have two 
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different orientations: a) dopamine over the nanostructured 
silica reservoir and b) dopamine beside the nanostructured 
silica reservoir (Figure 6a,b). It is found that the dopamine is 
attracted by the silica in coplanar form. Nevertheless, the 
minor energy was originated when the molecule is linked to 
the silica network through the silanol groups and amine, 
carboxyl and hydroxyl groups of the drug (non-covalent and 
weak interactions). The dopamine is completely stable in the 
nanosilica, and in any moment, drug degradation is observed. 
Meanwhile, that two coordination types between the drug and 
silica presents hydrogen bonds too. The presence of OH 
groups generate a passive section in the inorganic matrix and 
a deformation of the net is observed (Figure 6c,d).  
The hydrogen bridges are a little stronger than the other 
interactions and it doesn't impede that the drug can be 
liberated in a water medium as the cefalorraquideum liquid. 
For this reason these kinds of materials are interesting like a 
brain drug delivery systems.  
 

b

d

a

c

SiO

 
 
Figure 6. Silica net segment. Geometric optimization of the 
framework with one dopamine molecule.  a) Original 
configuration, b) relaxed structure, c) deformation of the 
silica framework with dopamine and d) other view.  4000 
cycles. 
 
 

4 CONCLUSIONS 
 
In this paper we report on the stabilization of dopamine 
neurotransmitters in a sol-gel nanostructured matrix. This 
material is biocompatible with brain tissue and will be 
implanted near the neurons in the substantia nigra pars 
compacta. This group of damage neurons do not pruduce 
dopamine and lead to Parkinson´s Disease. This is viable 
alternative to avoid the loss of the drug when it is 
administrated systemicaly. This study shows that is possible 
to stabilize dopamine in the sol-gel silica nanostructured 
matrix. A phenomenum of self-assambly is present in SiO2-
D-N2 but if the gelation is performed in air the 
supramolecular structure phenomena is not observed.  
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