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Abstract 

A brief survey on the synthesis of several types of mesoporous silica nanoparticles and their uses as 
drug delivery nanocarriers is presented in this study. Mesoporous silica nanoparticles (MSNs) have a 
small pore size, resulting in a large surface area and porosity. These characteristics are easily 
adjustable, conferring on MSNs advantages over other nanoparticles for use in medicine and pharmacy. 
Previous and latest trends in the technology of this type of nanoparticles, and the possibilities for their 
application in drug loading are considered, as well as methods for increasing drug loading capacity, 
functionalization and release of bioactive substances. It has been found that the method used for the 
synthesis of some types of MSNs results in better drug loading. The functionalization of nanoparticles 
not only allows for more successful loading of bioactive substances in its pores, it also successfully 
controls drug release. Moreover, these versatile nanoparticles enhance the solubility of poorly-soluble 
drugs, thereby overcoming one of the biggest problems in the absorption of these drugs. 
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INTRODUCTION 
 
In recent years, mesoporous silica nanoparticles 
(MSNs) have been extensively studied as 
nanocarriers for delivering bioactive substances 
due to their attractive physicochemical properties 
[1,2]. The MSNs are mechanically, thermally and 
chemically stable particles. They have large 
surface areas, extensive pore volumes and 
narrow distribution of adjustable pore diameters, 
thanks to their specific structure [1]. The MSNs 
can be used to develop systems for controlled 
drug delivery which ensures the sustained 
release of drugs by maintaining their therapeutic 
concentrations at the target areas for an 

extended period, leading to reduction in 
frequencies of doses and the possibility of side 
effects [3,4]. These systems can also solve the 
problem of poor aqueous solubility of drugs by 
loading them into the mesoporous silica 
nanoparticle pores. Limited internal space 
improves drug dissolution, probably due to a 
decrease in its degree of crystallinity [5,6]. 
 
This review was aimed at providing methods for 
synthesis of various types of MSNs used as drug 
delivery systems, loading of bioactive 
substances, functional group grafting, and drug 
release. 
 

-----------------------------------------------------------------------------------------------------------------------------------------------------
© 2021 The author. This work is licensed under the Creative Commons Attribution 4.0 International License 
 



Galabova 

Trop J Pharm Res, May 2021; 20(5): 1092 
 

SYNTHESIS OF MSN 
 
Stober is the pioneer in the synthesis of silica 
particles with uniform microsize and spherical 
shapes. Thus, this method of synthesis is 
attributed to him. It is based on the hydrolysis of 
tetraalkyl silicates in a hydroethanolic medium, 
and use of ammonia as a catalyst. Based on this 
approach, many modifications have been 
constantly made. The first of the many 
modifications was made by Grun et al, who 
added n-hexadecyltrimethylammonium bromide 
and n-hexadecylpyridinium chloride as cationic 
surfactants to the reaction mixture as templates, 
resulting in MCM-41 structure [7].  
 
Thereafter, MSNs with different structures have 
been developed using different types of 
surfactants. The design of MSNs, their 
morphologies, and pore sizes and structures, 
vary because of various designs and various 
controls in the synthesis process (Figure 1). 
 

 
 
Figure 1: Types of MSNs 
 
The MCM-41 is the most studied type of MSNs. 
They have an ordered arrangement of uniform 
two-dimensional (2D) hexagonal mesopores. 
Firstly, they are prepared using 
cetyltrimethylammonium bromide (CTAB), 
tetraethyl orthosilicate (TEOS) and a catalyst. 
Sodium metasilicate (Na2SiO3) is used ase silica 
precursor as well [8]. The team of Kresge used a 
solution containing hexadecyltrimethylammonium 
ion C16H33(CH3)3N+OH/Cl mixed with catapal 
alumina tetramethylammonium silicate solution, 
and precipitated silica at 1:1 molar ratio of 
tetramethylammonium: SiO2. The combination 
was heated at a temperature of 150⁰C for 48h 
under pressure in a sterilizer. After cooling to 
room temperature, filtering, washing with water 
and air-drying, the solid product was calcinated 
at 540 ⁰C for 1h, first in flowing nitrogen, and 
thereafter in flowing air [9]. It was found that 
substituting dodecyl trimethylammonium with 
hexadecyltrimethylammonium ion led to changes 

in pore diameter of MCM-41, and it was 
concluded that varying the length of the alkyl 
chain of cationic type surfactants allows for 
nanoparticles with different pore sizes. Another 
way of increasing the diameter of the pores is by 
adding 1, 3, 5-trimethylbenzene. It was 
suggested that organic molecules should be 
solubilised in the hydrophobic inner part of 
micelles, causing an increased micellar size [9]. 
 
It is known that CTAB self-aggregates into 
micelles when its concentration reaches the 
critical level for micelle formation (Figure 2). The 
silica precursors superpose at the surface of 
surfactant around the micellar polar head and 
form a wall around them. Removal of the 
surfactant results in formation of MCM-41. 
 

 
 
Figure 2: Scheme for synthesis of MCM-41 with a 
template of CTAB micelles 
 
By tailoring the surfactant/silica molar ratio, the 
diameter of MCM-41 and morphology can be 
controlled, as well as the co-condensation of 
tetraethoxysilane and hydrophobic 
organoalkoxysilane. Other opportunities for 
precise control of the size, shape of the inner 
structure, pore size and geometry include the 
use of organic swelling agents or addition of co-
solvents, pH control, and regulation of 
temperature, as well as drying and stirring rates. 
Larger pores and higher specific surface areas 
are produced when Na2SiO3 is used as a 
precursor due to increase in the aggregate 
number of the surfactant micelles, whereas the 
use of TEOS results in lower surface areas and 
smaller pore sizes [10]. By adjusting the 
concentration and the molar ratio of CTAB and 
NaOH, MCM-41with spherical-to-rod-like 
structures can be generated [11].  
 
The HMS is a type of MSNs with a hollow interior 
and mesoporous shell. The main distinguishing 
characteristics of HMS are low density, high 
specific area and the possibility of high loading 
capacity [2, 3]. Мethods for preparing HMS 
include soft templating, hard templating, self-
template method, layer-by-layer method [12]; 
Kirkendall effect [13], Ostwald ripening [14], and 
galvanic replacement [15]. 
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Soft-template method 
 
Dual or multi- surfactants are used to form a 
complex template and to build a shell with 
mesopores and hollow inner parts (Figure 3). 
 

 
 
Figure 3: Synthesis of HMS using soft template 
method 
 
During the first stage, SiO2 is dispersed in an 
aqueous mixture of laurylsulfonate betaine and 
sodium dodecylbenzene sulfonate at a molar 
ratio of 1:1. In the second stage, 3-
aminopropyltriethoxysilane (APS) is added to 
induce formation of movable core vesicles. By 
electrostatic interaction, APS adheres to the 
vesicle surface. Sol-gel transition after hydrolysis 
of APS and TEOS produce step SiO2 shells in 
the last. After removal of surfactants, HMS is 
formed [16]. 
 
Single micelle templating 
 
Yang and co-workers used pluronic copolymer at 
various EO:PO ratios and organosilica precursor 
[17]. No binding took place between the micelles 
and the precursor of silicate. A positively charged 
surfactant kept the micelle/silica isolated [18]. 
Thus, hollow silica nanoparticles were obtained 
after pyrolysis. The method of single micelle 
templating forms tiny hollow mesoporous silica 
nanoparticles because of the size of micelles. 
The HMS nanoparticles produced by this method 
generally have diameters under 20 nm. 
 
Vesicle-templating 
 
It is possible to increase the size of the resulting 
particles by forming vesicles. The addition of 
anionic surfactant lowers the curvation of 
mesostructure templates. Hollow mesoporous 
spheres with porous shells are capable of direct 
incorporation of amino groups. This 
functionalization of silica occurs after anionic 
surfactant extraction with acids [19]. Uniform 
HMS is formed after co-condensation of TEOS 
and organotriethoxysilanes. The synthesis 
results in a solution of triethanolamine and 
cationic surfactant cetyltrimethylammonium 
chloride. 
 

Microemulsion-templating 
 
When the nanoparticles have to be less than 100 
nm in size, the microemulsion method is 
preferred. Water-in-oil-water emulsion can be 
used to synthesize porous silica nanomaterials 
with a hollow inner structure. It is difficult to 
remove the soft template entirely. Achieving this 
is often associated with reduction in dispersion. 
The material obtained through the soft templating 
method yields an amorphous or semicrystalline 
phase because of the narrow temperature range 
used during synthesis. High-temperature 
calcination is used to eliminate the amorphous 
phase, but the mesoporous structure is not 
stable at these extreme conditions. To improve 
the stability of the particles obtained, the so-
called hard template method has been 
developed. 
 
Hard templating 
 
Various polymer networks, silicate colloids, and 
metal oxides are used as solid templates. To 
obtain homogeneous particles, the silicification 
on the surface of the organic template must 
proceed at a higher rate than that of silica self-
association. Besides, organic templates must be 
stable during the process of silica accumulation 
and condensation. Due to the frequent 
interactions between the silicate precursor and 
the organic template, the organic components 
are extracted from the solution. The formation of 
a structure becomes impossible, and the 
synthesis fails. The separation of the template 
must be feasible after the silica condensation 
phase. Most often, this can be achieved in one of 
the following ways: acid dissolution, calcination 
at high temperature or extraction. The free 
volume and the free surface of the obtained 
particles depend on the correct course of this 
stage. 
 
Polymer bead templating  
 
This successfully results in small and uniform 
particles with the help of polystyrene and 
polymethacrylate using the method of rigid 
template, since it is easily removed after 
calcination at 500⁰C. The template calcination 
method must result in a stable structure, clean 
pores and a large number of silanol groups which 
are essential for preparing systems for 
biomedical applications. Calcination at a high 
temperature of 500⁰C is the most commonly 
used, but very slow method for template removal 
[20]. Rapid calcination has been studied as a 
variant of the method in which samples are 
subjected to short-term intensive calcination with 
rapid heating [21]. Another variant of this method 
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is microwave-assisted calcination, in which the 
organic template is removed in a few minutes, 
but with the use of special equipment [22]. 
 
Metal and metal oxide templating 
 
The surface activation of solid templates can be 
extended to encapsulate metal particles, metal 
oxide particles or semiconductor nanoparticles in 
the HMS structure. Thus, the advantages of 
reservoir mesoporous silicates and other 
functional nanoparticles are combined to obtain a 
nanocomposite with specific properties. The 
synthesis of these nanoparticles involves the use 
of various surfactants and polymers as agents 
between the metal nanoparticles on which the 
mesoporous structure of the reservoir wall is 
built. Thus, the metal functional particles remain 
embedded in the reservoir structure. The 
complex particles obtained in this way have 
significant advantages over individual 
nanoparticles: the silicate wall has increased 
thermal stability, and prevents direct contact 
between metal nanoparticles and organic 
material, thereby increasing biocompatibility, free 
surface and the possibility of surface 
modification. In the procedure, it is possible to 
obtain HMS using acid extraction of the 
nanoparticles located in the reservoir. Unlike 
calcification, the method of extraction with 
organic solvent can also be used with pre-
functionalised materials [23]. This is due to the 
fact that it is possible to remove the organic 
template without decomposition of the co-
condensed organic part. The disadvantages of 
this method are incomplete removal of the 
template, even with repeated extraction, as well 
as the long duration of the process. Quaternary 
ammonium surfactants are usually used as 
coating agents. Kim's research team has 
proposed a simple method for preparation of 
monodisperse Fe3O4 silicate nanoparticles using 
cetyltrimethylammonium bromide as a stabiliser, 
along with a structuring agent [24]. In addition to 
complex silicate particles containing iron 
nanostructures, those based on silver, gold and 
platinum nanoparticles have also been 
developed. 
 
Wang et al developed the preparation of 
reservoir silica particles using gold nanoparticles 
and cetyltrimethylammonium bromide as 
templates for the core, and mesopores in the 
silica wall [25]. Gold particles are appropriate for 
obtaining hollow systems because of the 
possibilities they afford for controlling the 
largeness of the particles, as well as good size 
distribution, spherical shape, and high melting 
temperature. The synthesis is followed by a 
calcination step to separate the organic 

components and empty the mesopores. The 
particles are then etched to separate the metal 
component and drain the core. 
 
Layer-by-layer method 
 
Layer-by-layer-based hollow mesoporous silica 
nanoparticles consist of multilayer shells and 
cavities. The exterior is strengthened through 
consecutive adsorption of contrariwise charged 
components around a negatively loaded 
mesoporous silica sphere template. They are 
held together due to the strong electrostatic 
forces created between the component layers 
[26]. The cavity obtained after removing the 
mesoporous silica sphere template represents 
the main volume of the capsules where bioactive 
substances can be encapsulated. 
 
Javier et al subjected mesoporous silica spheres 
to catalase solution, resulting in immobilisation of 
the enzyme in them. The catalase-loaded 
mesoporous particles are coated with three poly 
(L-lysine)/poly (L-glutamic acid) layers. 
Thereafter, the porous core is removed by 
exposure to a hydrofluoric acid/ammonium 
fluoride buffer, pH 5 [27]. This results in HMS. 
Thanks to the high versatility of the layer-by-layer 
technique, the two parts can easily be adapted to 
meet different specific application requirements. 
 
Self-template method 
 
The self-template method is a procedure used for 
the synthesis of hollow silica nanoparticles 
without a different template. Mesoporous silica 
particles coated with cationic poly- 
dimethyldiallylammonium chloride in an alkaline 
medium can transfer the nanoparticles to cavity 
structure. Hydroxyl ions dissolve silica oligomers. 
They are negatively charged, and so they 
sediment on the positively charged layer, forming 
crosslinked silica shell. [28]. For selectively 
etching, NaOH is used, and a hollow structure is 
formed under PVP protection. These strategies 
are called surface-protected etching [29]. Yu et al 
developed preservers using acidic and 
hydrothermal treatment to make a selective 
etching of the inner space, and transformed silica 
nanoparticles to hollow structures. [30]. Wong et 
al transformed hollow structures from solid silica 
for 30 min after establishing that the inner layer 
was pulpous with a sponge structure and that it 
was possible to selectively etch it with hot water. 
Тhe outer layer was most rigid due to the 
formation of silicic acid aggregates after the 
Stober reaction. Thus, it was demonstrated that 
Stöber silica particle is not homogeneous, and 
that it is possible to produce hollow 
nanostructures from them using the self-template 
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method [31]. The advantages of the self-template 
methods are their cost and simplicity. 
 
Kirkendall effect 
 
Kirkendall effect is a diffusion phenomenon that 
explains the interaction among atoms in two 
contiguous phases with different diffusivities. 
When the atoms in an inner layer diffuse quickly 
into an outer layer, they move slowly to the inner 
layer. During the diffusion process, the 
supersaturation of lattice vacancies develops into 
an interior pore which becomes the inner part of 
the final hollow structure [32]. The self-
organisation method and the promoter Kirkendall 
effect have been reported for the first time, to 
form hollow nanostructures Yin et al [33]. 
Yoonkook Son et al have demonstrated the use 
of the same effect for silica and germanium 
nanoparticles via the introduction of nanoscale 
surface layers of SiO2 and GeO2, respectively. 
The Si and Ge atoms diffuse across the oxide 
layers and form pores in the cores. The 
Kirkendall effect allows nanoparticles to be 
transformed into hollow ones. 
 

 
Figure 4: Transformation into hollow silica 
nanoparticles through the Kirkendall effect 
 
Ostwald ripening 
 
Ostwald ripening is a well-known phenomenon 
that explains the conversion of a non-uniform 
structure into a mixture of two crystalline solids 
that co-exist as a new crystalline solid or liquid 
colloids, and it involves matter relocation. The 
IUPAC in 2007 recommended the definition of 
Ostwald ripening as the "dissolution of small 
crystals or sol particles and the re-deposition of 
the dissolved species on the surfaces of larger 
crystals or sol particles" [34]. The ripening 
process is important since macroscale particles 
are more energetically privileged than microscale 
particles and cause increasing solubility for the 
latter. During different experimental conditions for 
sol-forming particles in a solution, many 
reversible chemical reactions take place on the 
solid/liquid boundary. Due to the diverse range of 
crystallites, there are changes in amount of 
solutes. The uniformisation of these 
concentration gradients will lead to total 
dissolution of smaller crystallites due to the 
growth of the large crystallites. The possibility of 

displacement of matter is used as an opportunity 
to form cavities, where the crystals are low 
dimensional or closely packed if Ostwald ripening 
continues [35].  
 
Hollow nano-structured materials obtained after 
Ostwald ripening are already of interest to 
research teams. Lou et al have carried out a 
reasonable production of hollow silicon spheres. 
They coated gold and platinum nano-sized 
particles with a silica exterior, and subsequently, 
two, three or four of the particles were connected 
through self-association. The same team 
investigated Ostwald ripening in a closed micro-
space using chloride as a binding ligand in gold 
hollow silica particles with many cores. 
Moreover, they used as-prepared multicore Au–
hollow silica particles to study Ostwald ripening 
in confined micro-space, in which chloride is an 
efficient mediating ligand [36]. 
 
Gold nanoparticles grown on PS nanospheres 
are used as removable templates for silica 
coating via a modified Stöber method. Uniform 
gold nanoparticles are grown on the surface of 
amino-functionalised monodisperse PS 
nanospheres. The resultant model multicore 
hollow spheres are obtained with high-
temperature removal of the PS–Au–silica 
core/shell nanoparticles at 450 °C for two hours 
[37]. Following Ostwald ripening, a significant 
fraction of Au nanoparticles assumes a triangular 
or rod-like shape. 
 
Galvanic replacement 
 
The galvanic replacement reaction can be used 
for the synthesis of hollow nanoparticles too. The 
Xia research group has created various hollow 
nanoparticles of silver, gold, platinum, and 
paladium using galvanic substitution reaction. 
They managed to control the pore volume and 
the size of the particle walls [38]. 
 
The team of Hyeon worked with nanosized silica 
as a template for obtaining hollow nanoparticles. 
Their method, after a thermal regime, allows 
silica layer elimination and variation in structure 
and morphology of the resultant particles. [39]. 
They used β-FeOOH nanoparticles with a silica 
coat. After five hours at 300⁰C, hollow particles 
were obtained because of the de-hydroxylation of 
β-FeOOH. Received nanocapsules were 
processed at 500⁰C and resulted in magnetite 
(Fe3O4) formation. The silica coat was separated 
after sonication of coated particles in NaOH 
solution. Similarly, Yang et al obtained hollow 
silica particles in the nanosize range [40] using 
Fe3O4 nanoparticles as an inner template. 
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Stöber method was used for the synthesis of 
bonded iron particles together with 
polyvinylpyrrolidone coated with silica. A large 
cavity was obtained after removal of iron core 
with HCL, and high-temperature calcination of 
the silica shell.  
 
SURFACE FUNCTIONALISATION, DRUG 
LOADING AND DRUG RELEASE 
 
The MSNs comprise an open system of pores 
that allows the loading of drugs. These drugs can 
quickly diffuse, depending on the solvent and the 
type of drug [2,3,5,6].  One of the advantages of 
mesoporous silica nanoparticles is their high 
loading capacity, based on the significant pore 
volume. Their dilatation results in higher loading 
and retention of bioactive substances. The 
expansion of pores in silica material can be 
achieved with agents such as ethanol, alkanes, 
triisopropylbenzene, trioctylamine and 
dimethylhexadecylamine [41]. 
 
Obtaining HMS itself is one strategy used for 
increasing load capacity. The hollow cavities in 
HMS provide significantly more space for loading 
of bioactive substances than MSN. Water-soluble 
and water-insoluble bioactive substances can be 
successfully loaded into the pores or cavities of 
these particles, based on their adsorption 
properties. 
 
After removal of the solvent, the particles 
immersed in the bioactive substance solution 
remain impregnated with it. This simple method 
has continued to be the most popular way to load 
drugs into porous silica particles [2,3,5]. The use 
of a non-solvent most often allows the loading of 
the drug substance [6]. In parallel with the 
preparation of mesoporous silica particles, the 
bioactive substance could be successfully 
loaded. This combined method has the 
advantage of excluding the use of organic 
solvents. However, it still depends on the 
interaction between silanol or other groups of 
silica walls and functional groups in the bioactive 
substance, and the type of surfactant used. 
 
As a variant of this method is known the loading 
after melting of the substance after microwave 
heating [42]. It is also found that increasing the 
amount of bioactive substance relative to 
mesoporous particles significantly improves the 
success rate of loading [43]. By creating an 
opportunity for interaction between the functional 
groups of the bioactive substance and those on 
the surface of the particles, the loading, and 
especially the retention of the drug in the pores is 
significantly improved. Surface functionalisation 
of MSNs with functional groups like 3-

aminopropyl, 2-cyanoethyl, 3 –cloropropyl, 3-
merkaptopropyl, alkyl, phenyl, vinyl and allyl 
enhances the loading and release of drugs. 
 

 
 
Figure 5: Amino-functionalization of the surface of 
MCM-41 
 
The functional groups grafted on the silica 
surface interact with the drug molecules through 
ionic, electrostatic connections, or esterification, 
and in this manner, they effectively control the 
drug release or drug retention into pores of 
MSNs during loading process [44]. The loading 
of a bioactive substance, followed by 
functionalization results in enhanced successful 
loading, when compared to a load of already 
grafted particles [45]. Results have been 
published indicating a 10 % improvement in 5-FU 
loading in amino-functionalised MSNs, due to the 
electrostatic connections between the negatively 
charged drug and the positively charged carrier. 
Oppositely charged interactions are possible 
between different types of functional groups 
grafted on the surface of the particles, and those 
present in the chemical formula of drugs [46]. 
 
Other research teams used carboxy modification 
of mesoporous silica to show how the adsorption 
of famotidine, a drug molecule with an amino 
group, depends on the degree of 
functionalization. The acid-catalysed hydrolysis 
of cyano carriers effects their carboxylation to 
carboxylic acid groups [47]. Carboxylations of 
MSM-41 and SBA-15 were achieved after the 
use of succinic anhydride and a ring-opening 
reaction. A bioactive substance with an amino 
group was selected for loading, expecting an 
electrostatic interaction between the functional 
groups of the carrier and the drug. This 
modification allowed for improved loading of 
sulfadiazine in MSM-41, but did not change the 
degree of SBA loading. In vitro release studies 
showed that functionalisation of MCM-41 and 
SBA-15 silica with carboxylic groups makes them 
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appropriate carriers for extended drug release 
[48]. 
 
If the surface of the MSN is initially 
functionalised, then the bioactive substance is 
absorbed, with possibilities that the drug will get 
on the surface of MSNs. The burst effect will 
occur in this case and will compromise prolonged 
release. On the other hand, drug loading, 
followed by surface functionalisation, maintains 
slow and sustained drug release. Loading the 
drug into the pores and closing the pores with 
APTES stops the drug from being released. 
Variations in amount of APTES are essential in 
management of drug release from the pores [49]. 
 
Ibuprofen ordinary is incorporated in 
nanoparticles in the hope that its COOH links up 
with the Si-OH groups of MSNs. Often ibuprofen 
– ibuprofen interactions form dimers by virtue of 
hydrogen bonds of their -COOH groups [94]. A 
research team found that dimers were not linked 
to the wall of MSNs, but physiosorbed on the 
surface. These systems showed expressed burst 
effect. This problem can be resolved with the 
amino functionalization of MCM-41. Carboxy 
groups of Ibuprofen are linked to the amino 
groups of functionalized MCM-41 by ionic 
interaction between them. Effective release 
control is due to stronger electrostatic 
interactions than the hydrogen bonds between 
the dimers of Ibuprofen. 
 

 
 
Figure 6: Loading of ibuprofen into amino-
functionalized MCM-41 
 
During the synthesis, amino functionalised SBA-
15 showed a release of the bioactive substance 
within 10 h, while SBA-15 modified after the 
synthesis released ibuprofen for three days [51]. 
The use of hydrophobic substances can 
successfully manage drug liberation. This type of 
functionalization inhibits water penetration into 
the pores, thereby blocking easy discharge of the 
drug. Based on this strategy, SBA-15 is 
functionalised with octyl and octadecyl moieties 
to effectively control the release rate of 
erythromycin. On the other hand, long-chain 
hydrocarbon moieties (C8 and C18) decrease 
the pore size of silica particles [52]. 
 
The drug must diffuse from the pores to be 
released from the carrier. If a polymer is added 

after loading to retain the bioactive substance in 
the pores of the silicate material, this would 
improve the loading capacity and allow a delayed 
release. The polymer can interact with the drug 
or with the silica surface. The MSNs can be 
tailored through polymer modification for 
controlling drug release by post-coating of 
mesoporous particles preliminarily loaded with a 
drug. Surface modification of the mesoporous 
nanoparticles with carbopol is used to provide a 
low initial release and longer budesonide 
residence in the gastrointestinal tract. Using 
polyacrylic acid, MSNs can be tailored to control 
drug release from post-coated mesoporous 
particles preliminarily loaded with a drug. 
Carbopol is used effectively to reduce burst 
release and retain budesonide in the intestines 
for an extended period, while guaranteeing 
prolonged absorption. Swelling of polymer results 
in the formation layers around nanoparticles, and 
even if there is an immediate release of the 
bioactive substance, the layer is retained around 
the carrier. The concentration of this coated 
system was increased in inflamed colon tissue, 
as revealed after histological analysis [53]. 
 
Carbopol coating of MCM-41 loaded with 
budesonide has been successfully made by the 
team of Yoncheva. The polymer layer formed 
around nanoparticles have free COOH groups 
and form bonds with NH2-functionalized silica 
carrier. Functionalization is a highly successful 
approach for sustaining the release of 
budesonide and subsequent polymer coating of 
mesoporous silica carriers [54].  
 
The newly developed drug-delivery systems for 
pramipexole based on HMS have been 
additionally subjected to coating with two 
bioadhesive polymers to achieve sustained 
release. The double-layer reduced the initial 
burst effect and successively lowered 
pramipexole release [3]. Chitosan and sodium 
alginate electrostatically react and form an 
interpolymer complex that prevents quick 
liberation of the bioactive substance. 
 

 
 
Figure 7: Double-coated MCM-41 loaded with 
pramipexole 
 
Interpolymer complex formation between PAA or 
PMA and AA results in hydrogel formation 
around nanoparticles sensitive to pH. In principle, 
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it can be used as a polymeric coating for different 
types of MSNs [3,55-57]. 
 
CONCLUDING REMARKS 
 
This review examines the synthesis and 
functionalization of the most-studied mesoporous 
silica particles as drug delivery systems. 
Functionalization makes the particles efficient 
and sensitive systems for site-specific delivery 
through via various stimuli such as pH, 
temperature, light and enzymes, and also allows 
for more effective control of the drug release 
kinetics. The use of newly synthesised specific 
polymers can be proposed as a future direction 
in the development of drug delivery. The new 
polymers used for the coating of mesoporous 
particles could offer targeted drug delivery in a 
hybrid drug delivery system. A combination of 
inorganic and polymeric materials in the same 
system could meet specific requirements for the 
delivery of bioactive substances, thereby 
combining the advantages of both materials. 
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