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Available Online: 06 May 2025 Modern drug delivery strategies using nano-systems have attracted atten-

¢ tioninrecent years. There are several studies on porous silicon (Psi)-based nanosystems due to their im-

pressive features, including large surface area, high pore volume, biocompatibility, and biodegradability.
Today, most studies have focused on designing smart drug carriers that can specifically respond to physi-
cal and chemical environmental changes such as magnetic field, pH, reducing agents, biomolecules, etc.
However, their use has some limitations. This study aims to review the limitations of these nanosystems
in drug delivery and investigate the solutions.
[VETELE In this review study, to collect information, related articles in English were searched in electron-
ic databases such as Scopus, PubMed, Google Scholar, using the keywords including porous nanostruc-
tures, gatekeepers, controlled drug delivery, nanocarriers, silica nanoparticles, and stimuli-responsive
nanosystems.
(ST Despite the advantages of Psi nanosystems, burst release and drug leakage from their pores be-
fore reaching the target area have limited their use. Therefore, Gatekeepers are suggested as a suitable
strategy to solve this challenge and create intelligent nanosystems, which can be inorganic nanoparticles,
polymer coatings, or even a combination of them. Gatekeepers can cover the surface of Psi nanosystems

Keywords: to close the pores and prevent drug release before reaching the target area. However, according to the
Drug delivery systems inherent characteristics of the gatekeepers, they can respond to internal or external stimuli in the target
(DDS), Nanomedicine, area and induce drug release by separating from the surface, by which the occurrence of side effects and
Porous nanoparticles, :  uncertainty in determining the effective dose will be prevented.

Stimuli-responsive [@TEIERT Considering promising applications of porous materials in nanomedicine, gatekeepers have
polymers © been introduced in this review as an effective material to overcome the limitations of porous materials.
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Extended Abstract

Introduction

he bioavailability of drugs is basically

determined by their solubility and perme-

ability. One of the most important chal-

lenges of drug delivery formulations is the

poor solubility of drug molecules, insuf-
ficient drug release, and rapid clearance and elimination
from the body. Accordingly, the ability to overcome these
limitations and improve the bioavailability of drug mol-
ecules in the target area is an essential feature of a drug
delivery system (DDS). An ideal DDS should not only
have good stability under physiological conditions, but
also encapsulate active pharmaceutical compounds with
high efficiency and control their release.

Porous silicon (Psi)-based materials (Psi nanoparticles
and porous silica nanoparticles) have been widely studied
as carriers for drug delivery due to their large surface area,
high pore volume, biocompatibility, and biodegradabil-
ity. Psi nanoparticles can improve the bioavailability of
drugs by increasing their aqueous solubility. When drug
molecules are loaded into the pores of these nanopar-
ticles, the limited size of the pores and the interactions
between the drug and the internal surfaces of the pores
prevent the drug’s crystallization, increasing the drug’s
solubility. Despite the significant advantages of using Psi
nanomaterials, the leakage and premature release of drugs
before reaching the target area limits their application,
which leads to uncertainty in the drug dose required for
treatment, and the DDS designed based on this efficiency
does not have adequate and sufficient performance. To
solve and improve this problem, the surface coating of
porous nanosystems using inorganic nanoparticles with
very small sizes or the use of different polymers have
been suggested. The compounds used to block pores and
cover porous nanosystems are known as “gatekeepers”,
and some of them have been studied so far. In this study,
drug release control strategies in PSi nanosystems are in-
vestigated with an emphasis on the use of gatekeepers.

Methods

In the review study, the information obtained from re-
lated articles searched in various electronic databases
such as Scopus, PubMed, and Google Scholar was used.
In this regard, the keywords including porous nanostruc-
tures, gatekeepers, controlled drug delivery, nanocarriers,
silica nanoparticles, and stimuli-responsive nanosystems
were used.
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Results

Biological compounds can be loaded into the pores of PSi
nanoparticles and be released gradually. The diameter of the
pores is an important and effective factor in the release rate
of the loaded materials. Thus, the changes in the pore diam-
eter of a few nanometers can influence the release rate of
mesoporous silica nanoparticles. The release rate is usually a
combination of the properties of the charged material and the
particle. Additionally, differences in particle surface chem-
istry affect release rates in different formulations. The size
and shape of the pores are also important because they can
affect the path a molecule takes to be released. As a result,
different characteristics of PSi nanoparticles, including pore
size, pore shape, and modification of the surface structure,
especially in the internal space of the pores, affect the drug
release behavior from these particles and should be carefully
evaluated in the design of Psi-based nanosystems.

One of the ways to control drug release is to modify the
surface of nanoparticles. The internal space of the pores can
be functionalized by various chemical modifications to con-
trol the release of loaded materials from the carrier nanopar-
ticles. The change in surface properties affects the physical
and chemical interactions between the loaded material and
the particle surface. Stimulus-response models can be used
to achieve targeted release and minimize drug leakage.
Changes in the human body, such as pH, temperature, or glu-
cose level, are used to create such models. In this regard, the
design of gatekeepers is an emerging field. These materials
are made to control the release of chemical or biochemical
compounds from the pores of porous materials into the solu-
tion or vice versa in response to the desired stimulus.

These responses can be controlled by external stim-
uli. Such gated materials consist of two subunits: (a)
a porous inorganic support in which a cargo is loaded
and (b) a gatekeeper structure that is generally attached
to the external surface and can control mass molecule
transport from pores. With the ability to release one or
more drugs due to an external stimulus, these systems
are promising candidates in the field of biomedicine and
creating pharmaceutical systems with higher efficiency
and biosafety. Gatekeepers have the ability to cover the
surface of Psi nanosystems, close the pores, and pre-
vent the release of the drug in the pores before reaching
the target area. But in the target area, according to the
inherent characteristics of the gatekeeper, they can re-
spond to internal or external stimuli by detaching from
the surface and releasing the drug in the desired area,
which can prevent the occurrence of side effects and
uncertainty in determining the drug dose.

Nasirizadeh S, et al. Limitations of Porous Nanosystems and Possible Solutions. Qom Univ Med Sci J. 2025; 19:E2853.1.
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Conclusion

The non-toxicity and biocompatibility, as well as the
controllable pore size, ease of chemical synthesis, and
surface modification, have made PSi nanoparticles a
suitable candidate for the construction and design of a
DDS in which gatekeepers play a vital role. To ensure
the specific drug release and efficient applications of the
DDS in vivo, several factors should be considered. For
example, the size of the gatekeeper should be propor-
tional to the pore to achieve a satisfactory encapsulation
effect. So far, many types of gatekeepers have been in-
troduced; however, a deeper understanding of their ap-
plications requires conducting animal studies and clini-
cal trials to confirm the effectiveness and safety of these
systems in the body and introducing them as a suitable
alternative to drugs in the treatment.
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11. 1,2-dioleoyl-3-trimethylammonium-propane
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10. Layer By Layer technique (LbL)
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12. Enhanced Permeability and Retention (EPR)
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