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Introduction
 One promising inorganic drug carrier is 
mesoporous silica nanoparticles MCM-41. Since 
their first report in 2001, this type of mesoporous 
silica material (MSM) has been investigated 
intensively as drug delivery systems due to its 
main advantages – large surface area, high 

stability, biocompatibility [1-9]. In addition, the 
excellent mesoporous structure, adjustable pore 
size and easily modified surface for controlled 
and targeted drug delivery can enhance the drug 
therapeutic efficacy by different pathways 
[10-12].
 Along with the type of material, the 
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method of incorporation of active substances is 
essential for the characteristics of obtained drug 
delivery systems (DDS). In the literature there 
are different approaches for drug loading on 
MSM. Generally, the methods could be classi-
fied as solvent based and non – solvent tech-
niques (e.g. drug loading by mechanical activa-
tion and vapor-phase mediated loading [13-19]. 
The most commonly used loading methods are 
based on solvent impregnation procedure. In this 
case the drug is first dissolved in appropriate 
solvent to form a concentrated solution and the 
mesoporous material is added to this solution 
allowing drug adsorbtion [20, 21]. Although this 
is the simplest and most preferable method, it 
has some disadvantages, related mainly with the 
physico-chemical properties of the solvent. 
Studies were made at the effect of solvent polari-
ty on the capacity of drug inclusion into MSM. 
The results show that drug loading capacity 
decreased rapidly with increase of vehicle polar-
ity. This fact could be a big issue in cases of 
incorporation of some water-soluble active 
substances.
 Pramipexole (2-amino-4,5,6,7-tetrahy-
dro-6-propylamino-benzethiazole-dihy-
drochloride) is a third-generation full intrinsic 
dopaminereceptor agonist with a nonergot struc-
ture (Fig. 1). Pramipexole, especially in the form 
of its dihydrochloride salt, is characterized with 
high water solubility (about 200 mg/ml, at 
20-25°C). The incorporation of pramipexole in 
modified-release drug delivery systems would 
allow simplification of the patient's administra-
tion scheme by reducing the amount of recom-
mended daily intakes, improves patient's compli-
ance, and attenuates some dose-dependent 
adverse events [22]. However, the loading and 
regulation of release rate of highly water-soluble 
drugs is difficult because of the drug’s tendency 
to rapidly leach out of the dosage form upon 
exposure to an aqueous medium, such as gastro-
intestinal fluid. 
 The aim of this work is to develop a mod-
ified-release drug delivery system for oral 
administration of pramipexole on the basis of 
mesoporous silica particles. Drug loading into 

particles was performed by solvent impregnation 
method and some modifications were applied 
aiming to improve the loading degree. Further, 
polymer post-coating of the loaded particles was 
realized giving an opportunity to modify the 
release rate of pramipexole from the mesoporous 
silica particles. 

Materials and methods
Materials
 Pramipexole dihydrochloride, Meso-
structured MCM-41, Carbopol, methanol, etha-
nol, sodium hydrogen phosphate were purchased 
from Sigma Aldrich (St. Louis, USA). 

Methods
Pramipexole loading on mesoporous silica 
carrier  
 MCM-41: drug loading was carried out 
in water at 37°C applying 1.0 g of pramipexole 
per 1.0 g MCM-41. After incubation (24 h), the 
water was evaporated/filtrated and the particles 
were dried under vacuum at room temperature. 
Dried particles were following washed several 
times with 95% of ethanol and separated by 
vacuum-filtration. The washed particles were 
finally dried under vacuum for 24 h.

Coating procedure
 Dried drug loaded particles (100 mg) 
were incubated in aqueous solution of carbopol 
(0.12% wt/v) under continuous stirring (100 
rpm) for 2 h. After incubation time, the disper-
sion was centrifuged at 15 000 rpm for 15 min, 
rinsed with distilled water, separated by second 
centrifugation, and finally dried under vacuum 
for 24 h. 
 The samples were abbreviated as 
MCM41/Prami and MCM41/Prami/Carb.

Drug-loading capacity
 For non-coated particles the procedure 
included incubation of 10 mg particles in 10 ml 
methanol under stirring for 1 h, removal of the 
particles under vacuum filtration and second 
incubation under described conditions. For 
carbopol coated particles the procedure
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described above was preceded by soaking of the 
particles in 10 ml of methanol under stirring for 
3 hours.
 The amount of pramipexole in the super-
natant was measured by UV spectrophotometry 
at 260 nm. The concentration of pramipexole 
was calculated according to the standard curve (r 
> 0.996). 

Particle size and zeta-potential measurements: 
 The size and zeta-potential were deter-
mined by photon correlation spectroscopy and 
electrophoretic light scattering (Malvern Zeta-
sizer Nano ZS, UK). The particles were 
dispersed in distilled water immediately before 
measurements (0.5 mg/ml). The measurements 
were made in triplicate.

TEM characterization
 TEM images were taken using JEOL 
JEM 2100 HR STEM (200KV; point-resolution 
0.23nm).

In-vitro release studies
 Dissolution tests were performed in acid 
and phosphate buffers with pH values 1.2 and 
6.8, respectively. The dissolution tests were 

performed by Paddle method with a stirring rate 
of 100 rpm at 37°C (Erweka DT6, Germany). 
Samples were withdrawn at appropriate time 
intervals and replaced by fresh buffer. The with-
drawn samples were centrifuged at 15 000 rpm 
for 15 minutes and the concentration of the 
released pramipexole was determined by 
UV-spectrophotometry at a wavelength of 260 
nm [23].

Results and discussion
Modification of drug-loading procedure
 The loading of pramipexole on meso-
porous silica particles (MCM-41) was 
performed by solvent impregnation method. 
Taking in account the polarity of the solvent 
used during incubation (purified water), two 
different procedures were applied for removal of 
water after incubation. The first procedure 
included rapid vacuum filtration after incubation 
(Method 1). Membrane filters with defined pore 
size 0,1 µm were used for the filtration. The 
second solvent-removal method included 
vacuum evaporation using rotary vacuum evapo-
rator (Method 2).  Figure 1 presents the results 
regarding drug loading achieved according both 
methods.

Figure 1: Pramipexole loading into MCM 41 particles using different methods – with filtration of the 
solvent (Method 1) and after evaporation of the solvent (Method 2)
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 The evaporation of the solvent (Method 
2) resulted in much higher drug loading (48% vs 
12%).  Water is very polar solvent, given its 
highest dielectric constant (78.5). Some 
researches show that in the presence of polar 
solvent the favorable drug–solvent interaction 
would prevent the drug – MCM-41 interaction 
[24]. Moreover, although the pramipexole–sol-
vent interaction plays a role, the influence of 
solvent to drug loading is the competitive inter-
action between the drug and solvent molecules 
with the surface of mesoporous silica. The polar 
silanol groups (Si–OH) onto the MCM-41 

surface  is populated with interacting with both 
solvent and drug molecules. As the polar solvent 
as water is used, its molecules more effectively 
compete for the Si–OH groups. The higher load-
ing was probably due to the fact that during the 
evaporation of the water the dissolved drug mol-
ecules diffused into the pores. In the absence of 
water there is no competition between water and 
pramipexole and the drug molecules remain 
trapped there.
 Further characterization of nanoparticles 
was made by evaluation of their size, polydisper-
sity index and zeta potential (Fig. 2 and 3).

 The results showed that the size of all 
nanoparticles, empty and loaded by Method I 
and II, was similar (Fig. 2). The similar size is an 
indication for small drug fraction hold on the 
outer particle`s surface and demonstrate effec-
tive drug loading. 
 Polydispersity index measurements (fig. 
2) show slightly increase tendency after the 

process of drug loading. Although this tendency 
was observed for both loading methods, the 
increase of PI is more expressed after the 
water-evaporation method. We suggest that 
increase in the PI is due to the possible interac-
tions between negatively charged MCM-41 and 
the amino-groups of located near the particle 
surface pramipexole.

Figure 2: Size and polydispersity index of empty MCM-41 particles and MCM-41 particles loaded by 
Method 1 (vacuum filtration) and Method 2 (vacuum evaporation).
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Preparation of sustained-release formulation 
for pramipexole delivery
 On the basis of the better drug loading, 
we decided to continue the next experiments 
with particles, obtained by Method 2. 
 Drug delivery from mesoporous silica 
nanoparticles often is characterized with high 
initial burst effect. Different approached could 
be applied aiming to modify the release rate. 
Number of reports showed that pore structure 
and size in such nanosystems can`t control drug 
release rate, since these characteristics can influ-
ence the dissolution profile only in the case pore 
size is similar to drug molecules size, which is 
applicable for very small number of drug mole-

cules [26-29]. 
 Due to the possible problems, described 
above we decided to use polymer-coating as 
suitable approach for modification of drug deliv-
ery. Carbopol was used as coating agent owing 
to the possibility for achievement of modified 
drug release, its biocompatibility and bioadhe-
sive properties.
 The successful carbopol coating of the 
particles was proven by size, zeta-potential and 
TEM measurements of uncoated and coated 
particles. Substantial increase of particle size 
was registered after the polymer coating (Figure 
4).

 Zeta potential measurement (Fig. 3) of 
the empty particles showed negative value (-24 
mV) which is typical for MCM-41 [25]. Prami-
pexole loading led to change of zeta-potential 
from negative to weakly positive. This result can 
be explained with the influence of the 

amino-group in the structure of pramipexole. 
The effect was similar for both methods, howev-
er it is more visible in method 2, when drug load-
ing was bigger hence bigger amount of prami-
pexole was localized into the particles pores.  

Figure 3: Zeta potential of empty particles and particles loaded by using of Method 1 (vacuum filtra-
tion) and Method 2 (vacuum evaporation).
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 The uncoated particles have a particle 
size of about 430 nm, while the coated particles 
have size above 480 nm. We suggest that particle 
size increase is directly related to polymer coat-
ing of the particles.
 Zeta-potential measurements (Figure 5) 
showed significant differences between uncoat-
ed and coated particles. While uncoated parti-

cles, loaded with pramipexol were characterized 
by positive charge (9 mV), carbopol coated 
particles had negative zeta potential (-41 mV). 
We suggest that the negative value was influ-
enced of carbopol coating and it was related to 
successful coat formation. Moreover, coated 
particles showed higher negative zeta potential 
than the empty particles.

Figure 5: Zeta-potential of empty (MCM-41), drug loaded (MCM-41/Prami) and carbopol coated 
(MCM-41/Prami/Carb) particles.

Figure 4: Size and polydispersity index of empty (MCM 41), drug loaded (MCM 41/Prami) and 
carbopol coated (MCM 41/Prami/Carb) particles.
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 Drug loading rate determination showed 
decreased amount of loaded pramipexole after 
the polymer coating (Figure 6). We suggest that 

due to high water drug solubility, the viscosity of 
carbopol solution was not enough to prevent 
drug losses. 

Figure 6: Rate of pramipexole loading in uncoated (MCM-41/Prami) and carbopol coated 
(MCM-41/Prami/Carb) particles.

 TEM images of pramipexole loaded 
particles (fig.7-A) showed prevented pores 
structure in the process of drug-loading.  Further 
polymer coating led to block of most mesopore 

channels (fig.7-B), while TEM characterization 
of the samples do not show tangible changes in 
the pore structure or particle size.

 Drug delivery studies were performed in 
buffers with different pH (1.2 and 6.8) which are 

typically applied to mimic the in vivo conditions 
in gastrointestinal tract (Figure 8). 

Figure 7: TEM images of pramipexole loaded (A) and carbopol coated (B) samples
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 Our results showed differences in the 
release profiles of coated and non-coated parti-
cles. Total pramipexole release from non-coated 
particles was reached within 30 minutes in both 
pH conditions. The coating of the particles with 
carbopol resulted in prolongation of drug release 
in both pH values. However, relatively high 
amount of initial fast drug release was observed, 
as this process was more pronounced in pH 1.2. 
We suggested that drug release from carbopol 
coated particles may be pH-dependent, due to 
the anionic nature of the polymer. The reason is 
that at lower pH values, the polymer is not fully 
swollen and there are larger regions of microvis-
cosity. The dissolution medium can penetrate 
faster and deeper into the glassy core and so, the 
drug is released faster. With higher pH values, 
the ionization of the carboxylic acid groups 
causes maximum swelling, resulting in fewer 
and smaller regions of microviscosity. The rapid 
gel formation acts as a barrier for the release of 
the drug, thus prolonging the release.

Conclusion
 The present study provided data about 
the influence of different loading methods on 
loading efficacy of high water soluble pramipex-
ole. The results showed big differences on the 
rate of encapsulated model drug depending on 
the used method. In addition, the possibility for 
sustained release of pramipexole from MCM-41 
mesoporous carriers using polymer coating with 

carbopol was investigated. In vitro release tests 
presented good opportunities for achievement of 
sustained drug release after polymer wrapping.
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