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ABSTRACT

Ribavirin is an antiviral drug with a wide spectrum of pharmacological activity. The development of drug delivery systems that increase the safety
and effectiveness of ribavirin has been the subject of scientific research for decades. The aim of this article is to examine the published information
on this topic, evaluate it according to several criteria, and outline the primary perspectives on this subject within the fields of pharmacy and
pharmacology. The results of the evaluation indicate that, despite the extensive and ongoing discourse surrounding the potential modifications to
ribavirin within the international scientific community, the majority of publications adopt an illustrative approach. Many relevant and promising
applied studies require further development, comprehensive biopharmaceutical indicator testing, rigorous clinical efficacy assessment, and a

thorough evaluation of patient compliance.
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INTRODUCTION

Ribavirin is an Active Pharmaceutical Ingredient (API) that is a
nucleoside analogue and is currently one of the most recommended
elements in the complex treatment of chronic hepatitis C [1]. Due to
the ever-growing need for effective antiviral agents, ribavirin can
currently be used in the pharmacotherapy of chronic hepatitis E [2],
Lassa fever [3, 4], fever with renal syndrome caused by the Hantaan
virus [5], respiratory syncytial virus [6], coronavirus infection
COVID-19 [7, 8] and, possibly, gastroenteritis caused by astroviruses
[9]. Current research data suggest the efficacy of ribavirin in the
treatment of some histological types of nasopharyngeal carcinoma
[10, 11], breast [11], lung [12], colorectal cancer, hepatocellular
carcinoma, malignancies associated with the human papillomavirus
(HPV) [13], ovarian carcinoma [14], a number of hemoblastoses
[11], and soft tissue sarcoma [15]. Moreover, a positive effect of
ribavirin on the severity of addiction to narcotic psychostimulants
has been established [16]. However, despite the ever-expanding
range of indications for the use of ribavirin in clinical practice, the
possibility of its use is limited by severe side effects. The development
of adverse reactions may result in decreased adherence to treatment, a
reduction in the dosage of the drug, or its complete discontinuation,
which affects the effectiveness of pharmacotherapy, increases the risk
of developing resistance in viral pathogens and has an unfavorable
prognosis for many patients [17-19]. There are several approaches to
solving this problem. Presently, a plethora of avenues of investigation
are being pursued. These include the utilization of non-conventional
routes of parenteral administration of the drug, the introduction of an
array of excipients and their combinations as a means to regulate
pharmacokinetic parameters, the deployment of targeted delivery
systems to guarantee the attainment of targeted effects on specific
organs and tissues that are the site of pathogen replication, and
numerous others. Given that ribavirin is classified as a class III drug
according to the biopharmaceutical classification system (BCS), a
promising avenue for modification may be to enhance its penetration
through histohematic barriers, prolong its action by increasing
mucoadhesion, and augment its affinity for lipophilic structures within
the body through the use of suitable polymer-carriers [20].

The aim of this study is to evaluate the existing data on the
alteration in the safety profile and efficacy of ribavirin modified with

targeted drug delivery systems in the context of both traditional use
of this drug and off-label use.

MATERIALS AND METHODS

Publications from the international database PubMed and the
Russian electronic scientific library Cyberleninka were used as
sources of information for the review of scientific literature.

Information was obtained from the PubMed database using the
keywords: "delivery systems” and ‘'ribavirin® (49 results);
"liposome" and "ribavirin" (9 results); "nanogel” and "ribavirin” (1
result); "nanoparticle” and "ribavirin” (10 results); "drug carriers”
and "ribavirin" and "side effects" (12 results); "drug carriers” and
"ribavirin" (125 results); "Polymer" and "ribavirin" (26 results).

The following search queries were used in the Cyberleninka
electronic library: "ribavirin delivery" (79 results); "ribavirin
targeted delivery systems" (57 results); "ribavirin liposomes" (14
results); "ribavirin nanogels” (1 result); "ribavirin polymer" (47
results), "ribavirin conjugates” (38 results). During the analysis, no
restrictions were imposed on the "publication date" and "free access
to the full text of the publication” indicators.

Inclusion criteria

The following parameters were used as inclusion criteria: the use of
ribavirin modified with targeted delivery systems as mono and
combination therapy in clinical practice; the use of ribavirin
modified with targeted delivery systems in studies conducted on cell
and tissue cultures and/or on animals, regardless of species; studies
of targeted delivery systems using ribavirin as a model drug.

Exclusion criteria

Studies that do not fit the theme of this review, such as: studies
evaluating the incidence of adverse reactions in mono-and combination
therapy with ribavirin without the use of targeted delivery systems or
using such for another drug; the use of ribavirin as a comparator drug in
assessing the efficacy and tolerability of ribavirin analogues and other
drugs; studies aimed at efficacy and safety indicators in specific patient
groups (such as childhood, chronic renal failure, human
immunodeficiency virus infection, recurrent viral hepatitis).
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The article uses an assessment of publications by the following
parameters: type of study (original research, literature review);
object/method used in the study (in vitro testing (using
instrumental methods of analysis, cell and tissue cultures), ex vivo,
in vivo (studies on laboratory mice, rats, rabbits), studies with the
participation of patients, the volume of literature analyzed during
the review); the effect achieved during the study; features of the
publication methodology (design, key findings, need for further
research on the topic, presence of a conflict of interest).

In order to better cover the topic, this paper does not exclude
publications that do not fulfill the standard criteria for standard
research quality assessment, including the presence of risk of
bias, thus allowing for a fuller identification of existing
knowledge gaps.
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RESULTS

Results of the literature search and the final flowchart of the
PRISMA search strategy

According to the results of the analysis, the number of papers
meeting the inclusion criteria was 43. Meta-analyses and systematic
reviews on the given parameters are absent in the databases under
consideration. Among the original studies, in vitro experiments
predominate, the largest number of which falls on work with cell
and tissue cultures. 100% of authors use small rodents (rats, mice)
as experimental animals. Studies involving humans are much less
widespread. The analysis of review articles showed that in 100% of
cases there is no indication of the methodology of literature
selection. The final Flow diagram of the search strategy is presented
in fig. 1.
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Fig. 1: Final flowchart, the search strategy used to identify studies included in this review is based on PRISMA recommendations

Current status in the scientific literature

In this section, we review the main characteristics of current reviews
summarizing data from studies on the use of ribavirin combination and
drug delivery systems, their main advantages and limitations. Thus,
current review publications address the following aspects: a) the
position of ribavirin in the group of antiviral drugs that could be
technologically modified to improve the effectiveness of therapy; b)
reducing the risk of adverse reactions and increasing the efficacy of
therapy.

Thus, Chen R. et al. focus the possibility of enhancing the absorption
of the active substance by adding excipients, but the assessment of
the risks of adverse reactions associated with an increase in relative
bioavailability is not carried out, as well as alternative directions of
working with the active substance [21].

Hailyan Guo et al reviewed the existing strategies for modifying the
structure of the active substance, such as: creation of prodrugs; use of
isolated L-enantiomer; creation of conjugates with macromolecular
compounds and incorporation of the drug into liposomes and niosomes
[22]. However, the range of possible modifications is rather limited, and
the clinical significance of the described techniques is not fully clear. In
the review by Elberry M. H. et al. put forth a proposal to modify ribavirin
by incorporating it into nanoparticles. However, the review only includes

two potential examples, which do not fully represent the range of
modification possibilities [23]. This problem is covered more
comprehensively from a pharmaceutical technology perspective in a
2019 review publication, but the main goal of researchers is to improve
the results of hepatitis C therapy without addressing the full spectrum of
pharmacological activity of ribavirin [24]. It should be noted that a large-
scale and comprehensive review by Nader K. et al, addresses the issue of
prospects for the use of targeted delivery systems in hepatitis C therapy,
including data on the use of liposomes, nanocapsules, nanotubes,
dendrimers, fullerenes, but information on the compatibility of these
systems with active pharmaceutical substances is not given [25].

Therefore, the present review should provide a comprehensive
overview of the technological methods currently available for
enhancing the efficacy and safety profile of ribavirin while also
elucidating the potential clinical applications of these modifications.
The initial stage of this study will entail an examination of the
interaction between ribavirin and targeted delivery systems in the
context of various pathological conditions. This will be followed by a
concise characterisation of the aforementioned systems.

Ribavirin and viral liver damage

In order to optimise the use of ribavirin in the treatment of hepatitis
B and C, it is essential to focus on three key target indicators:
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targeted action on liver cells, reduced extrahepatic toxicity and the
possibility of prolonging the pharmacological effect. The principal
methodologies employed to address the aforementioned tasks were
as follows: an increase in the concentration of the active substance
in hepatocytes; modulation of pharmacokinetic parameters;
alteration of the physicochemical properties of the molecule,
thereby ensuring a reduction in interaction with the targets most
susceptible to the toxic effects of ribavirin.

Interest in creating a targeted effect on hepatocytes arose in the
mid-1990s. Di Stefano G et al. proposed to use carriers obtained by
lactosamination of poly-L-lysine. According to the authors of the
study, this terminal modification had antiviral efficacy values
comparable to free molecules. Safety indicators were superior to
those of unconjugated nucleoside analogues in terms of the
incidence of neurotoxic complications [26]. A slightly different
approach was implemented by Fiume L. et al. The researchers
proposed to bind nucleoside analogues to micelles equipped with a
galactosyl fragment. It is assumed that anionic carriers have the
highest affinity for hepatocytes. According to in vitro studies, this
makes it possible to obtain previously inaccessible liver
concentrations [27]. While the aforementioned studies are of
historical value as some of the first attempts to modify nucleoside
analogues with the goal of reducing the incidence and severity of
adverse reactions, it is important to note that at the time, the
majority of experiments were focused on other antiviral drugs
within this group.

Over time, there has been a growing interest in the potential benefits
of introducing structures that are similar to natural carriers in the
human body. The development of ribavirin as a prodrug targeting
the cotransporting polypeptide sodium taurocholate resulted in a
high degree of affinity due to the physiological similarity between
the two. The methodology was founded upon the understanding that
taurocholate receptors are preferentially expressed in liver cells.
The drug was conjugated with six types of bile acids, differing in
molecular weight, resulting in selective binding to hepatocytes. A
significant reduction in the impact of ribavirin on kidney cells and
erythrocytes was observed in studies conducted on mice. The
concentration of ribavirin in these cells was found to be reduced by
a factor of between 1.8 and 16.7 relative to free ribavirin, depending
on the specific modification of the bile acid in question [28].

A detailed comparative analysis was conducted by Hashim F. et al,
who outlined modern technological approaches to ribavirin
modification. The researchers considered niosomes not only from
the standpoint of predicting the effect of targeted delivery systems
on the likelihood of adverse reactions but also paid attention to the
issues of drug stability. The work involved models with different
ratios of excipients and sizes of the resulting vesicles. According to
the results of the experiments, niosomes of the composition spen:
cholesterol: dicetyl phosphate 4:2:1 were recognized as the most
promising. In comparison with other studied modifications in vitro,
they demonstrated the most complete and prolonged release of
ribavirin. Further testing on rats revealed a sixfold increase in the
concentration of the drug in liver cells [29].

An approach based on the inability of erythrocytes to endocytosis
and, as a result, the biochemical impossibility of interaction with
substances with a high degree of hydrophobicity is widely
discussed [30, 31]. One of the most promising areas is the use of
polyglycerol adipate and its acyl derivative nanoparticles as
carriers [21, 23, 32]. According to the results of in vitro and in vivo
work, encapsulation in a homopolymer of lactic acid and
arabinogalactan lysine provides prolonged release for a week.
Moreover, the release rate during intravenous and intramuscular
administration was comparable. In addition, it was found that
ribavirin monophosphate encapsulated in a homopolymer has a
targeted effect on the liver. The increase in the concentration of
ribavirin in the liver compared to an aqueous solution of the free
drug was 20%, without demonstrating acute toxicity to
erythrocytes or sensitization [22, 23, 33]. However, this approach
does not allow for the incorporation of high doses of ribavirin,
which is not mentioned when working with lactosylated poly-
lysine conjugates [26, 34].

Int ] App Pharm, Vol 17, Issue 2, 2025, 65-77

Wohl BM et al have highlighted the unsatisfactory toxicity
indicators of high-molecular-weight carriers. The research data
indicate that synthetic methacrylic and vinyl polymers possess
independent anti-inflammatory activity against hepatocytes in both
viral infections and malignant neoplasms. Nevertheless, despite the
synergistic activity of ribavirin and these polymers, a narrow
therapeutic index was observed. In order to enhance the safety
profile, it has been suggested that polymers with a negative charge,
which demonstrate an intracellular antiviral effect and a more
favorable therapeutic range, be employed [35].

At the same time, it would be a mistake to assume that the use of
carriers can be aimed exclusively at creating a prolonged action of a
drug. Despite the widespread use of niosomes as targeted delivery
systems, it was found that the release of ribavirin from niosomes
does not exceed 5% [22]. In this respect, the question was posed as
to the possibility of enhancing the completeness and rate of release
of ribavirin from its carrier. In order to address the issue at hand,
the utilization of hydrogels with an enhanced lignin concentration
(up to 3%) in a gelatin-lignin gel was put forth as a potential
solution. Consequently, the degree of release completeness was
enhanced [36].

The potential applications of ribavirin in the treatment of liver
diseases extend beyond its use as a pharmacotherapy for viral
hepatitis. Ribavirin can be employed as an active therapeutic agent
in the treatment of viral infections, with a primary localization in the
liver. In vivo studies have demonstrated that the use of liposomal
forms of ribavirin has a pronounced therapeutic effect on Rift Valley
fever in mice. The results of the experiments demonstrated that the
concentration of ribavirin administered in an encapsulated form in
liver macrophages was five times higher than that of the comparison
group. Additionally, the data indicated a reduction in mortality rates
associated with a high viral titer [37].

Iron-binding proteins have been recently proposed as a targeted drug
delivery system [38]. Given the high affinity of ribavirin for
erythrocytes, this technology has attracted interest in the scientific
community [22]. An attempt was made to use human hemoglobin as a
carrier. According to published data, six to eight ribavirin molecules
bind to the carrier hemoglobin. In vitro, this complex was selectively
captured by cells expressing the CD163 receptor. The researchers
conducted a comparative assessment of the antiproliferative activity of
free ribavirin. The indicators were declared equivalent [22, 39]. A
comparable result was demonstrated in an in vivo study. The use of
hemoglobin as a delivery vehicle ensured greater survival in the
studied group of mice and a significantly smaller scale of histologically
verified liver necrosis compared to the control group [40]. It has been
established that the hemoglobin-ribavirin complex maintains stability
and prolonged release in human blood plasma [22, 39]. Table 1
provides a summary of the target effects and delivery systems studied.

Ribavirin in the treatment of lower respiratory tract diseases

Ribavirin is widely used in the treatment of respiratory viral
diseases. In order to reduce the incidence of side effects, two
fundamentally different approaches have been proposed (table 2).

The initial objective is to combine ribavirin with polymer-carriers. In
the study conducted by Riber C. F. et al, the efficacy of high-
molecular compounds of methacrylic acid was evaluated in cell and
tissue cultures. The antiviral activity of polymers against respiratory
syncytial virus, avian influenza virus, and herpes virus was
observed. Riber C. F. et al. describe the preservation of ribavirin
activity against influenza type A with a reduction in mitochondrial
toxicity [41].

The results of studies conducted by Shigeta S. et al. investigating the
efficacy of a combination of ribavirin with a polyoxometalate against
the influenza type a virus, both in vitro and in vivo, were published.
The combination of polyoxometalate and ribavirin demonstrated
synergistic and additive effects across a range of ratios [42].

In a study exploring the potential use of ribavirin in the treatment of
viral pneumonitis, the feasibility of utilizing negatively charged
multilayer liposomes was investigated. The results indicated that the
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liposomal form of ribavirin exhibited high efficacy in protecting
against the influenza virus. The same level of efficacy was not
observed in the prevention of herpesvirus infection [43].

A distinct technological methodology was employed in the
investigation of aerosolized forms of ribavirin generated via the
particle replication method in non-wetting templates (PRINT). The
primary objective was to achieve a uniform shape and size for the
ribavirin particles. The combination of enhanced physicochemical
properties and the ratio of active and auxiliary substances
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guaranteed not only a high concentration of ribavirin in the fluid of
the lungs epithelium in the primary and control groups but also
good tolerability in patients with chronic obstructive pulmonary
disease (COPD) [44].

Use of ribavirin in ophthalmology

Currently, non-traditional routes of ribavirin administration are
being actively studied. In particular, it is possible to note the high
interest in the use of ribavirin in ophthalmology (table 3).

Table 1: The relationship of excipients and the effect of their compounds with ribavirin in liver pathology

Ref. Drug delivery system Pharmacokinetic results Pharmacodynamic results Toxicological results
[26] lactosaminatedpoly-L-lysine No data Comparable efficacy Reduced toxicity
[27] Micelles with a galactosyl fragment Increased targeting Higher theuraputic efficacy Reduced toxicity
[28] bileacids Increased concentration in Higher theuraputic efficacy Reduced nephrotoxicity;
hepatocytes Reduced hematotoxicity
[29] niosomes of the composition spen: Increased concentration in Prolongation of therapeutic effect Increased release rate;
cholesterol: dicetylphosphate 4:2:1 hepatocytes;
[32] nanoparticles of polyglycerol adipate No data Comparable efficacy Less risk of developing
and its acyl derivative hemolytic anemia
[21] nanoparticles of polyglycerol adipate No data Comparable efficacy Less risk of developing
and its acyl derivative hemolytic anemia
[23] nanoparticles of polyglycerol adipate No data Comparable efficacy Less risk of developing
and its acyl derivative hemolytic anemia
[33] homopolymer of lactic acid and Increased concentration in Higher theuraputic efficacy Less systemic adverse
arabinogalactan lysin hepatocytes; Extended-release reactions
[22] homopolymer of lactic acid and Increased concentration in Higher theuraputic efficacy Less systemic adverse
arabinogalactan lysin hepatocytes; Extended-release reactions
[34] lactosylatedpoly-lysine No data Higher theuraputic efficacy Itis possible to incorporate
high doses of the API
[35] methacrylicandvinylpolymers No data Synergism of antiviral action; Less systemic adverse
Synergism of antiproliferative action reactions
[36] gelatin-ligningel Increased completeness of Higher theuraputic efficacy No data
ribavirin release; Increased rate
of ribavirin release
[37] liposomes No data Therapeutic effect in early stages of No data
Rift Valley fever
[39] hemoglobin Extended-release Preservation of antiproliferative activity No data
[40] hemoglobin Extended-release Higher theuraputic efficacy Reduced risk of liver
necrosis
Table 2: The relationship of excipients and the effect of their compounds with ribavirin in lower respiratory tract pathology
Ref. Drug delivery system Pharmacodynamic results Toxicological results
[41] Methacrylic acid-based polymers Expanded antiviral activity Reduced toxicity
[42] polyoxometalate Synergism; Additive effect Less systemic adverse reactions
[43] Negatively charged multilamellar liposomes Preventive effect against influenza virus Less systemic adverse reactions
[44] Particle Replication Technology in Non-Wetting Improved tolerability in a group of patients Reduced toxicity
Templates with COPD
Table 3: The relationship between excipients and the effect of their compounds with ribavirin in ophthalmological practice
Ref. Drug delivery system PharmacoKkinetic results Pharmacodynamic results Toxicological results
[45] Multiple microemulsions of the Increased bioavailability; Increased Higher theuraputic efficacy No data
w/o/w type bioadhesion; Prolonged release
[46] Pharmasolve Increased permeability; Higher theuraputic efficacy No irritating effect
[47] Gelucire44/14 Increased permeability; Higher theuraputic efficacy No irritating effect

The key limitation of the use of drugs is low bioavailability caused by
the peculiarities of penetration of molecules through the cornea. As
a solution to this problem, Ibrahim M. M. et al. proposed to use a
multiple microemulsion of the i\o\v type with a droplet size of 10
nm. According to the researchers, the microemulsion has high
bioadhesion, provides a threefold increase in the bioavailability of
ribavirin and prolonged release during the day [45].

A study of permeability and tolerability parameters was carried out
by Li X. et al Ribavirin was considered in combination with
Pharmasolve™ (N-methyl-2-pyrrolidone) as a model compound.
According to the results, the increase in corneal permeability for
ribavirin was 4.04 with no irritating effect of Pharmasolve™ at a
concentration of 10 percent and below [46]. An example of a more

economical absorption enhancer for ophthalmic drugs was the use
of Gelucire® 44/14. The study examined the use of this excipient in
the delivery system of six model drugs, including ribavirin. In the
concentration range of the absorption enhancer from 0.05% to
0.1%, an increase in the permeability coefficient for ribavirin by 6.47
was demonstrated. No irritating effect on the excised rabbit cornea
was detected either in the specified concentration range or with a
fourfold increase in the technologically standard content of
Gelucire® 44/14 [47]. However, it should be noted that the
advisability of using ribavirin in ophthalmology remains debatable.
There are reports in scientific literature on the development of
retinal damage during hepatitis C therapy using ribavirin [48]. At the
same time, a number of studies indicate the absence of a relationship
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between the use of ribavirin in mono and combination therapy and
the development of this side effect [49, 50].

Ribavirin and pathologies of the nervous system

Due to the broad spectrum of antiviral activity of ribavirin, the
global scientific community has become interested in studying the
possibility of its use in the treatment of viral encephalitis. It was
found that this drug is not able to penetrate the blood-brain barrier.
However, according to in vivo studies, the use of an appropriate
carrier can increase the degree to which the drug reaches brain
tissue. A complex comprising alpha-cyclodextrin was put forth as a
potential solution. The level of penetration into tissues was not
associated with the severity of the condition of the studied objects or
the dosage of the drug [51].

The use of drug delivery systems can facilitate the entry of ribavirin
into cells of the peripheral nervous system. In particular, studies
were conducted on a carrier based on lipid nanovesicles containing
procaine and ribavirin, which demonstrated satisfactory results
[52].

An alternative approach to facilitating transport through the blood-
brain barrier may be to alter the route of administration. At present,
the administration of drugs via the nasal route to the brain is being
introduced into clinical practice. In vivo experimental conditions
demonstrated that the penetration rate of free ribavirin achieved 35%
penetration when administered intranasally. Ribavirin has been
observed to reach structures such as the basal ganglia and
hippocampus [53]. Therefore, intranasal administration does not
necessitate substantial modification of the molecular structure of the
active substance. An increase in bioavailability can be achieved by
enhancing mucoadhesion and optimizing the disaggregation of drug
particles, which enables the overcoming of the typical BBB
permeability issues associated with small hydrophilic substances. The
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established targeted effect of lecithin on organs rich in lipophilic
components in combination with alpha-cyclodextrin provides a
targeted effect on the brain compared to the injection of an aqueous
solution [54].

The administration of ribavirin in microparticles form with
poloxamer 188 demonstrates the expected high absorption of
substances when administered intranasally. As posited by Vasa D. M.
et al., the initial gelation process results in a reduction in the rate of
release from the compound in comparison to free ribavirin.
Subsequently, when the excised mucosa was subjected to the same
treatment, the release from the complexes increased. The
researchers posit that in this case, the role of poloxamer 188 is not
merely that of a carrier but also entails an independent interaction
with the epithelium of the mucous membranes [55-58].
Furthermore, intranasal administration of ribavirin exhibits
distinctive pharmacokinetic characteristics. A comparative analysis
of classical absorption enhancers, including chitosan and mannitol
and alpha-cyclodextrin, revealed a higher level of ribavirin
accumulation in all regions of the brain for the latter. The
combination of ribavirin with alpha-cyclodextrin was observed to
exhibit specific flowability and particle size characteristics [54]. A
comparative analysis of the interaction between the route of
administration, the delivery system and its effects are presented in
table 4.

Comparative analysis of the impact of individual types of drug
delivery systems

In this section, we review the drug delivery systems investigated in
combination with ribavirin, as well as their main biological effects,
prospects and feasibility of use [64]. This section does not address
the use of individual excipients in different clinical applications of
ribavirin.

Table 4: The relationship of excipients and the effect of their compounds with ribavirin in pathologies of the nervous system

Ref. Drug delivery system Pharmacokinetic results Pharmacodynamic results Toxicological results
[51] alpha-cyclodextrin Increased penetration of ribavirin into brain tissue Higher theuraputic efficacy Less systemic adverse
reactions
[52] lipid nanovesicles Penetration of ribavirin into tissues of the peripheral Higher theuraputic efficacy No data
containing procaine nervous system
[53] «nose to brain» Penetrationthroughthe BBB Higher theuraputic efficacy Less systemic adverse
reactions
[54] «nose to brain», lecithin Penetration through the BBB; Accumulation of Targeted action on brain cells;  Less systemic adverse
in combination with ribavirin in all parts of the brain reactions
alpha-cyclodextrin
[55] Poloxamer 188 Decreased release rate; Higher theuraputic efficacy No data

Increased completeness of release; Mucoadhesion

Liposomes and niosomes

Liposomes are biocompatible, non-immunogenic spherical vesicles
approved by the FDA for medical use [65-67]. The advantages of this
form include increased loading of the active ingredient, the
possibility of targeted action and prolongation of the effect [68].
Currently, liposomes can be made from phosphatidylethanolamine,
phosphatidylcholine, phosphatidylglycerol, phosphatidylglycerol,
cholesterol and a variety of other lipophilic compounds, giving a
wide range of formulation options to dosage form developers [69,
70]. This dosage form is extensively studied, due to which there are
many strategies to incorporate active pharmaceutical substances
into the liposomal carrier, creating improved dosage forms such as
immunoliposomes, aptamer-liposomes and peptide-liposomal
conjugates [66]. Interestingly, liposomes can be combined with
other high-tech drug delivery systems, such as nanoparticles [71]. At
the same time, the main disadvantages of this drug delivery system
are the technical difficulty of obtaining stable vesicles of uniform
size [72], as well as relatively rapid excretion from the bloodstream
by macrophages [73].

It should be noted that many liposomal forms of drugs have been
introduced into clinical practice in various nosologies, including, for
example, AmBisome (antifungal drug amphotericin), Myocet

(doxorubicin-antitumor agent) and DepoDur (narcotic analgesic
morphine) [74] and a significant list of names is at the stage of clinical
trials [75].

Niosomes are small lipid vesicles containing surfactants, which
makes them similar to microemulsions [76]. The main
advantages of this drug delivery system include the ability to
penetrate through the skin [77, 78], suitability for loading
hydrophilic and hydrophobic substances [79], prolonged release
of the incorporated substance, the presence of an independent
pharmacological effect (antibacterial) [80-83], selective
cytotoxicity against tumor cells [81], reducing the risk of adverse
reactions characteristic of the specific active pharmaceutical
substance [84], the ability to significantly increase the biodosage
capacity of the drug [85, 86]. A potential disadvantage of
niosomes is the induction of an immune response. On the one
hand, this phenomenon allows their use as a vaccine adjuvant,
on the other hand, in the context of the present study, increases
the risk of allergic reactions [87].

It can be posited that the utilisation of ribavirin in liposomal and
niosomal forms is a promising avenue of research, given that these
drug delivery systems facilitate the desired alterations in pharmaco-
and toxicokinetic parameters.
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Polymeric carriers

Current developments in modified dosage forms of ribavirin include
its incorporation into in situ systems (ISS). This type of targeted
delivery systems responds to a specific physiological stimulus such
as, for example, temperature or body fluids [88, 89], followed by a
sol-gel transition [90]. The key component of these systems is the
polymer matrix formulator, which determines the mechanism of
action of the system and the release parameters of the active
pharmaceutical substance [91]. The active ingredient, in turn, is able
to influence the phase transition parameters. At the same time, it
should be noted that for ribavirin such influence is minimal [92].

ISS play a special role in nose-to-brain drug delivery, including in
combination with niosomes [93], providing the highest
bioavailability [94] and prolonged release due to the gel structure
and mucoadhesive properties [95]. The advantages of ISS also
include non-invasive administration and the possibility of combining
different polymers and active pharmaceutical substances. This
allows this system to be used in a wide range of pathological
conditions, from infectious processes [96] to brain neoplasms [97].
The main disadvantage of stimulus-sensitive in situ systems is the
difficulty of standardization. Despite this, the feasibility of ISS for
ribavirin has been sufficiently explored. According to the results of
in vitro and in vivo studies, combinations with chitosan formate [98],
gellan gum and poloxamer [99] allow not only to achieve the above-
mentioned favorable effects but also to overcome the main difficulty
of nose-to-brain delivery-mucociliary clearance [100].

Furthermore, the utilisation of lactic acid homopolymer is becoming
an increasingly significant factor. The advantages of this polymer
include biocompatibility and biodegradability, as well as the potential
for modifying its physical properties and behavior within the body
through copolymerization with other compounds [101-103]. Another
noteworthy attribute is its potential for use as the primary component
in multiple systems, including thermosensitive gels [104] and solvent-
responsive gels [105], as well as nanoparticles [106]. It is noteworthy
that lactic acid homopolymer is employed in clinical settings. One such
example is the drug Atridox, a prolonged-acting antibiotic [107]. The
disadvantages associated with this polymer can be attributed to its
advantageous properties. Consequently, the ultimate characteristics
and, consequently, the efficacy of the composition will be largely
contingent upon the presence of additional excipients.

Nanoparticles

Nanoparticles are defined as particles with a diameter of less than
100 nm, comprising a diverse range of chemical compositions [108].
With regard to the combination of ribavirin with polyglycerol
adipate, an investigation was conducted on the efficacy of the latter
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alone. It is a biocompatible and biodegradable aliphatic glycerol
polyester, which is widely known for its use as a targeted drug
delivery vehicle capable of self-assembly [109, 110]. The advantages
of polyglycerol adipate include increased bioavailability and reduced
hepatotoxicity of incorporated active pharmaceutical substances.
Additionally, it can be modified by other molecules, such as other
polymers, including polycaprolactone, and lipophilic compounds,
specifically cholesterol and tocopherol. This allows for the
modification of the release profile of active ingredients [111-113].
Notwithstanding the aforementioned advantages, data on the
utilization of this compound, in conjunction with its combination
with ribavirin, in humans remain scarce.

Functionalization with biomolecules

Bile acids are biocompatible, non-toxic amphiphilic steroidal
molecules used mainly to increase the bioavailability of drugs [114,
115] by increasing their stability and intensifying their penetration
through mucous membranes [116]. Cholic acid, deoxycholic acid,
chenodeoxycholic acid and glycocholic acid with various
modifications are most commonly used [117, 118]. As a component of
drug delivery system can be presented as conjugates with active
ingredients, bilosomes or hybrid nanoparticles with intrinsic
pharmacological activity [119]. Compared to liposomes and niosomes,
bilosomes are more stable, including in the gastrointestinal tract
[125], hence the high interest in their use as oral drug modifiers [120,
121]. The possibility of targeting different body structures such as the
brain [122], liver [123] or large intestine [124] is also worthy of
mention. The main limitation of bile acids is the fact that their role in
the body is not fully understood and, as a consequence, makes it
difficult to assess the behaviour of such systems in the body, making it
difficult to move from in vitro experiments to clinical studies [125,
126].

This review proposes an alternative biomolecule as a potential
targeted delivery system. The majority of studies addressing this
issue were conducted over a decade ago. In recent years, there has
been a resurgence of interest in this field among the scientific
community. In particular, hemoglobin has been considered as a pH-
sensitive nanocarrier with targeting properties against tumor cells
[127]. However, due to the insufficient number of studies, the
primary significance of this information is limited to its historical
value as one of the stages in the development of the field. In light of
these considerations, the functionalization of ribavirin with
biomolecules is constrained by a number of factors, including ethical
considerations, which impede further advancement.

As an intermediate conclusion for this section, a comparative
analysis of the mentioned systems was performed (table 5).

Table 5: Comparative analysis of ribavirin targeted delivery systems

Class Drug delivery Advantages Disadvantages Clinical Ref.
system appropriateness
Lipid liposomes Biocompatibility; Low allergic potential; technical difficulty of Clinically appropriate [65-74]
derivatives increased loading of active ingredient; possibility =~ manufacture; use: FDA approval,
of targeted action; prolongation of effect; rapid elimination from availability of
possibility of combination with other systems the bloodstream representatives in clinical
practice
Niosomes Possibility of skin penetration; suitability for Allergic potential Application is [77-79, 81, 84,
loading substances of different nature; appropriate with 86, 87]
prolonged release; selective cytotoxicity for limitations
tumour cells; reduced risk of adverse
reactions; increased bioavailability
Polymers ISS Prolonged release; non-invasive Challenges of Application is [91, 94, 95]
administration standardization appropriate with
limitations
Lactic acid Biocompatibility and biodegradability; Influence of other Clinically appropriate [88,102, 103,
homopolymer modifiability; prolonged effect components of the use: FDA approval, 107]
formulation on the availability of
characteristics representatives in clinical
practice
Nanoparticles  Polyglycerol Biocompatibility; increased bioavailability; There is limited data Insufficient data to be [109-113]
adipate reduced hepatotoxicity; modifiability; on the use of this able to apply

Biomolecules bile acids

Biocompatibility; increased bioavailability;

compound in humans

There is insufficient Application is [114-116, 120,

high stability; ability to target different body data on the mechanism  appropriate with 123-126]
structures of action limitations
haemoglobin Targeting action Poorly researched Insufficient data to be [128]
able to apply
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Thus, we can conclude that despite the wide range of possible
modifications of ribavirin using directed delivery systems, as well as
significant interest in these dosage forms in recent years, liposomes,
niosomes, ISS and bilosomes are the most studied and promising for

use in real clinical practice.

DISCUSSION

Modern scientific literature offers many ways to solve pharmaco-
and toxicokinetic problems that arise during ribavirin therapy.

M.L. B.etal

Int ] App Pharm, Vol 17, Issue 2, 2025, 65-77

However, most studies are still limited to in vitro experiments.
More dynamically developing areas are the modification of
ribavirin for use in ophthalmology and in pathology of the nervous
system. At the moment, this vector has the smallest number of

publications, but they have more convincing results and high-
quality design of the studies. Regardless of the date and language

of publication, a critical assessment of existing articles with a well-
developed methodology is currently lacking.

Table 6: Classification summary table for the publications analyzed in this paper

Ref. Type Methods Effects Special features
[26] Research In vivo: mice Targeted effects on the liver by The conjugate efficacy for ribavirin was lower than that of
intramuscular injection other nucleoside analogues, emphasis of development on
adenine arabinoside monophosphate
[27] Review 78 publications from Targeted effects. Reduction in the The study methodology, inclusion and exclusion criteria are
1949 to 1994 frequency of side effects from the not described
nervous system
[28] Research In vitro: NTCP-HEK293 Targeting liver receptors, reducing Increased ability to diffuse conjugates leads to an increased
cell culture; Human whole  ribavirin accumulation in erythrocytes risk of haemolytic effects
blood; In vivo: Mice
[29] Research Ex vivo: Liver of female Increased bioavailability of low-dose Need for further study of the safety and efficacy profile
rats given ribavirin ribavirin, reduced extrahepatic toxicity
[32] Research In vitro using HPLC and Reduced erythrocyte uptake of ribavirin No assessment of biorelevance parameters
NMR
[21] Review 156 publications for the Modulation of pharmacokinetics by The study methodology, inclusion and exclusion criteria are
period from 2000 to 2020  nanoparticles not described
[23] Review 70 publications from Reduced incidence of adverse drug The study methodology, inclusion and exclusion criteria are
1976 to 2017 reactions with the use of lipid not described
nanoparticles
[33] Research In vivo: Mice; Targeted effects on liver cells and Targeted effects of nanoparticles on liver cells have been
In vitro: HepG2 cell culture prolonged release convincingly demonstrated
[22] Review 126 publications from Reducing the likelihood of ribavirin- The study methodology, inclusion and exclusion criteria are
1976 to 2014 induced haemolyticanaemia not described. Consistent and comprehensive presentation
of the application of topical ribavirin targeted delivery
systems
[34] Review 71 publications from Cumulative characterisation of targeted The methodology of the study inclusion and exclusion
1984 to 2004 delivery systems for liver targeting criteria are not described. The material is visually clear ands
pecifically presented
[35] Research In vitro: HuH7 cell Reduction of ribavirin toxicity, The prospect of using negatively charged polymer-carriers
culture; prolongation of therapeutic effect in improving technological processes and increasing the
RAW 264.7 cell culture requirements for standartizationation of macromolecules
has been taken into account
[36] Research In vitro: Fourier Increased completeness and rate of The study target is the controlled achievement of rapid and
transform infrared release of ribavirin short-term pharmacological effects
spectroscopy (FTIR)
[37] Research In vivo: mice Increased efficacy of low-dose ribavirin Limitations of use include effectiveness only as a means of
therapy prevention or in the early stages of the disease
[39] Research In vitro: Human and Synthesis and evaluation of the stability Limitations: the conjugate is suitable for intravenous
mouse blood plasma; and efficacy of a biocompatible ribavirin administration only; use may be appropriate in cases of
Cell cultures of cell types: carrier acute viral infection or relapse prevention
HepG2; AML12;
CHO/CD163
[40] Research In vitro; ex vivo: mouse Increased clinical efficacy of low-dose It is difficult to predict how applicable the result is to
liver cells and HRC 203 relative to high-dose free individuals
macrophages ribavirin
[41] Research In vitro: Cell and tissue Increased antiviral activity of ribavirin by A difference in the efficacy of ribavirin in combination with
cultures of types: Vero; regulating the molecular weight of the polymers of different molecular weights was found against
A549; HeLa carrier polymer several viruses
[42] Research In vitro: MDCK-type cells; Increased antiviral efficacy of ribavirin Significant synergism was observed in the ratio of active
in vivo: mice ingredient to excipients 1:16
[43] Research In vivo: mice Increased efficacy of liposome- Further studies are required to be able to evaluate the
encapsulated ribavirin in mono-and clinical significance of multilamellar liposome application
combination therapy
[44] Clinical Men and women from 18 Improved tolerability of ribavirin when Double-blind placebo-controlled study
trial to 65 years old administered by inhalation
[45] Research In vivo: rabbits Increased penetration of active The results of the study can be projected to other drugs with
substances through the cornea high water solubility
[46] Research In vivo: rabbits In the investigated concentration range The main focus of the study was Pharmasolve™, with
Pharmasolve™ does not cause irritating ribavirin used as a model drug
effect on the cornea and significantly
enhances the penetration of substances
through it
[47] Research In vivo: rabbits Gelucire® 44/14 increases transcorneal The main focus of the study was Gelucire® 44/14, with
permeability does not cause irritation in ribavirin used as a model drug
ophthalmic applications
[51] Research In vivo: mice; Possibility of ribavirin penetration According to the conclusions of the studies themselves, no
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Ref. Type Methods Effects Special features
ex vivo: mice brain through the blood-brain barrier other publications reporting an advantage of alpha-
cyclodextrin in transporting pharmacologically active
substances to the brain were identified
[52] Research In vivo: rats Nanovesicles that optimally incorporate There is a possibility that procaine plays a significant role in
ribavirin and have satisfactory release delivery to the nervous system.
were obtained
[53] Research In vitro: rabbit nasal Increased bioavailability of ribavirin with ~ Key area of research: facilitating the use of substances in
mucosa model; nose-to-brain administration regimen veterinary practice through intranasal administration
In vivo: rats
[54] Research Ex vivo: rabbit nasal Increased bioavailability of ribavirin with The study emphasises the role of excipients in regulating the
mucosa; in vivo: rats nose-to-brain administration regimen bioavailability of ribavirin microparticles
[55] Research In vitro: Franz diffusion The use of poloxamer 188 enhances the The results of the study can be projected to other nose-to-
cell; bovine nasal mucosa  permeability and mucoadhesion of the brain medications
model preparation
[59] Review 72 publications from Ribavirin conjugates are presented as an The study methodology, inclusion and exclusion criteria are
1906 to 2014 example of reduced drug toxicity by not described. The publications of an educational nature
modification of the delivery system
[60] Review 27 publications from Phospholipid nanoparticles of ribavirin The study methodology, inclusion and exclusion criteria are
1998 to 2008 are cited as an example of a promising not described. The publications of an educational nature
area of drug development
[61] Research In vitro: NMR1H and 13C Presumably, the high degree of release of =~ Requires further in vitro and in vivo studies
spectroscopy; Mass ribavirin from conjugates
spectral analysis
[62] Research In vitro: pH meter; coaxial Achieving optimum values of Requires further in vivo study
rotational viscometer; mucoadhesion, retention rate,
mucin model; Franz physiological pH value
diffusion cell;
[63] Clinicalt 60 patients with chronic The use of liposomal forms of ribavirin Conflict of interest
rial hepatitis C, aged 18 to 50 has been characterised as highly effective

years

The next pressing problem in this area of research is the fact that
most of the experiments were conducted in vitro using cell and
tissue cultures. As a consequence, it is possible that unexpected
adverse reactions, including those associated with chronic toxicity,
may occur in attempts at research involving human subjects.

The current clinical trials of ribavirin concentrate on the assessment of
its efficacy when used in conjunction with other pharmaceutical
agents, as well as the potential for its use in the treatment of a range of
pathologies beyond the established scope of indications [128-131]. In
contrast, clinical studies of drug delivery systems are relatively
dispersed and predominantly oriented towards enhancing the efficacy
of treatment for diseases that are not entirely curable (e. g, malignant
neoplasms) [132, 133]. It is noteworthy that a number of alternative
systems remain pertinent, including the extensively investigated
liposomes and the comparatively recent nanoparticles [133, 134]. It is
therefore possible that the use of directed delivery systems will ensure
the fulfilment of the main objectives voiced in clinical trials in recent
years, namely, to broaden the spectrum of ribavirin indications, reduce
the risk of adverse reactions and increase treatment efficacy.

CONCLUSION

The utilization of targeted delivery systems represents a promising
avenue for enhancing the safety profile and efficacy of ribavirin.
Modern science offers a plethora of modifications, including
conjugation with polyamino acid residues, amino sugars, and
proteins, as well as the latest nanovesicles, nanoparticles, and in situ
systems. A significant number of proposed solutions allow for
targeted action on specific cells (in particular, liver cells
macrophages), a reduced likelihood of severe dose-dependent side
effects (usually hematotoxic), reduced sensitizing and local irritant
effects, increased completeness of drug release and regulation of its
rate, and the preservation of the antiviral and antiproliferative
effects of ribavirin in relatively low doses. The majority of studies
are conducted in vitro or ex vivo. The least studied, yet promising,
areas for further development include enhancing the penetration of
ribavirin through the cornea, reducing its adverse effects on the
retina; increasing the completeness and speed of ribavirin transport
through the blood-brain barrier, achieving high concentrations of
the drug in brain cells. Potential avenues for further investigation
include the use of auxiliary substances and technological solutions

to facilitate prolonged release, the enhancement of mucoadhesion,
and the combination with lipophilic polymer components.
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