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Abstract: Different nanocarriers-based strategies are now extensively being used as an important
strategy for improving drug efficacy and responsiveness, reducing toxicity issues related to drugs
and harmful side effects, and overcoming the numerous significant difficulties related to absorp-
tion and bioavailability. Amongst different nanocarriers, nanovesicles are excellent and versatile
systems for effectively delivering therapeutic agents, targeting ligand distribution and location.
Nanovesicles are nanosized self-assembling spherical capsules with an aqueous core and one/-
more lipid(s) layers. Several synthetic nanovesicles have been developed and investigated for their
prospective uses in delivering drugs, proteins, peptides, nutrients, etc. Important procedures for
nanovesicle manufacturing are thin-film hydration, unshaken method, ethanol injection, ether in-
jection, proliposomes, freeze-drying, hot method, cold method, reverse-phase evaporation, and ul-
trasonication. Liposomes, liposomes, ethosomes, exosomes, and transferosomes (elastic vesicles)
are the nonvesicular candidates extensively investigated to deliver antiviral drugs. This review arti-
cle comprehensively overview different nanovesicles, their compositions, manufacturing, and ap-
plications as potential carriers for effectively delivering different antiviral drugs to treat viral dis-
eases.

Keywords: Nanocarriers, nanovescicles, nanovesicle manufacturing, liposomes, transferosomes, antiviral drugs, drug delivery,
viral diseases.

1. INTRODUCTION
The primary source of high mortality and continuously

magnified  adverse  socioeconomic  effects,  viral  infections
are the primary reason for health problems globally [1, 2].
The impacts of viruses on human health can range from mi-
nor to potentially fatal. Many aspects (including the preva-
lence of co-morbidities, the wide range of viral diseases, so-
cial  and  psychological  issues  with  financial  implications,
and the variety of treatments and immunizations that can be
used in the evaluation) make it difficult to estimate the over-
all impact of viral infections. Major pathogenic viruses, like
hepatitis viruses, human immunodeficiency virus (HIV), her-
pes simplex virus (HSV), corona viruses, human papilloma
virus  (HPV),  etc.,  cause  a  significant  amount  of  human
death and morbidity [3, 4]. A deadly outbreak caused by the
new corona virus (nCoV) has declared about 2.1 lakh lives
globally, with benefits given. In India, 19 Nipah virus infec-
tions were reported in 2018, with 17 of them resulting in fa-
talities. Since 2001, the Nipah virus has caused a mortality
rate in India that ranges from 68 to 100% [5]. HIV and Hep-
atitis  C (HCV) are both chronic viral  infections for  which
there are no reliable vaccinations. Between 2014 and 2016, a
pandemic of major Ebola virus disease killed 11,315 people
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out of 28,616 cases in West Africa [6]. Many factors have 
been identified as important risks for viral infections, includ-
ing the availability of water, sanitation services, and weather 
conditions, lifestyle factors such as alcohol consumption, ge-
ographic location, and diagnosis and treatment options such 
as blood donation, surgery, and vector transmission [7].

One  efficient  strategy  for  enhancing  the  immune  sys-
tem's defenses against pathogens is vaccination, which often 
lowers the burden of infectious diseases and lowers mortali-
ty  and  morbidity  rates.  To  control  a  global  pandemic  and 
stop the proliferation of an epidemic, different new method-
ologies in vaccine research are essential in health emergen-
cies [8, 9]. Antiviral drugs are efficient against virus infec-
tions, and their effectiveness is typically constrained by is-
sues  like  poor  solubility,  less  permeability,  untargeted  re-
lease, reduced oral bioavailability, unfavourable side effects, 
antiviral resistance, etc [10]. High antiretroviral activity ther-
apy  (HAART),  which  includes  three  antiretroviral  (ARV) 
drugs,  is  used to  treat  HIV/AIDS [11].  Even though ARV 
medications are used to treat some infections, complete re-
covery has not yet been achieved because of several draw-
backs, such as impaired absorption, restricted regulated ad-
ministration, moderate water solubility, etc. Viruses signifi-
cantly impair the host's immune system, and most medicines 
are clinical, so eradicating viral infection may be unattain-
able due to the complexity of viruses. It is challenging to de-
velop a particular medicine that can identify the virus with-
out hurting healthy cells because the mechanism of viral in-
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fections depends on the properties of causative viruses and
the host cells. Another key component is the formulation de-
velopment for antiviral drugs, which comprises changes in
the physico-chemical as well as biopharmaceutical charac-
teristics of antiviral drugs. The pharmacokinetics and bioa-
vailability properties are improved by repurposing the drug
or employing nanotechnology, and the delivery systems for
administering antiviral drugs are improved [12, 13]. These
drug delivery methods for antiviral drugs are made from syn-
thetic or organic components.  Nanomaterials  are excellent
therapeutic agents for viral infections because of their dist-
inctive  physicochemical  characteristics.  Several  types  of
nanomaterials, including nanoparticles, dendrimers, nanoe-
mulsions,  nanosuspensions,  nanoliposomes,  nanogels,  and
nanospheres, have been discovered for the drug administra-
tion  of  antiviral  drugs  [13,  14].  These  nanocarriers-based
strategies  are  crucial  for  improving  drug  efficacy,  and  re-
sponsiveness, reducing toxicity and harmful effects, and sur-
mounting the numerous significant difficulties related to ab-
sorption  and  bioavailability  [15].  This  review  article  pre-
sents  a  comprehensive  review  of  different  nanovesicles,
their compositions, manufacturing and applications as poten-
tial carriers for effective delivery of different antiviral drugs
for the treatment of viral diseases.

2. METHODOLOGY OF REVIEW
The searching  of  reported  literature  for  the  current  re-

view  was  carried  out  using  different  popular  scientific
databases like Science Direct, Scopus, Web of Science, Goo-
gle  Scholar,  and  PubMed.  The  keywords  employed  for
searching  the  literature  sources  comprise  nanomedicines,
nanovesicles,  liposomes,  transferosomes,  niosomes,  etho-
somes,  antiviral  drugs,  and  antiviral  therapy.  This  review
covers all published research on the current topic to date.

3. NANOVESICLES
The  most  significant  issue  in  biotechnology  and

nanomedicine is  determining how to advance biomaterials
and nanomaterials, which actively transport entrapped drugs
to  particular  cells  or  tissues  when  the  effect  of  increased
permeability and retention (EPR) is inadequate [16]. In re-
cent decades, a few examples of biocompatible organic and
inorganic nanosystems, including liposomes, nanoparticles
(MSNPs), hydrogels, mesoporous silica, and gold nanoparti-
cles  (AuNPs),  niosomes,  ethosomes,  transferosomes,  and
pharmacosomes that have been developed and researched as
delivery systems to target tumor cells [17, 18]. In 1965, the
late Alec Bangham and colleagues presented swelling phos-
pholipid systems, which inspired model membrane systems
[19].  Numerous  enclosed  phospholipid  bilayer  structures
made of single bilayers first referred to as “Banghosomes”
and later called “liposomes,” were described briefly. Grego-
ry  Gregoriadis  discovered  that  liposomes  for  entrapping
drug molecules and can be employed as drug-delivery carri-
ers [4]. Amongst different nanocarriers, nanovesicles are ex-
cellent versatile carrier systems, widely used for effective de-
livery of drugs, biomolecules, and targeted ligand distribu-
tion and location [20-23]. Nanovesicles have been found as

feasible nanocarriers in drug delivery due to their inherent bi-
ological  features  obtained  from  polymeric  molecular  self-
-assemblies [21, 24].

3.1. Classification
Nanovesicles  are  generally  nanosized  self-assembling

spherical capsules having an aqueous core and one or more
layers of lipid(s)  [8].  Naturally,  nanovesicles are tiny sacs
that  transport  chemical  molecules  secreted  by  cells  as  a
means of communication. A number of synthetic nanovesi-
cles  namely;  liposomes,  transferosomes,  exosomes,  nio-
somes, ethosomes, cubosomes, aquasomes, emulsomes, bilo-
somes,  ufasomes,  phytosomes,  erythrosomes,  pharmaco-
somes, virosomes, enzymosomes, colloidosomes, sphingo-
somes, discomes, etc., have been developed and researched
for their prospective uses for delivery of drugs, protein and
peptides, nutrients, etc [21].

Amongst  several  nanovesicles,  liposomes  are  lipidic
vesicular structures composed of an aqueous core encased
by one/more lipid bilayer membranes of synthetic, semisyn-
thetic, or natural phospholipids [25]. The distinctive structu-
ral feature of liposomes allows them to load both hydropho-
bic  and hydrophilic  drug candidates  [26].  Niosomes (non-
ionic surfactant vesicles) comprise microscopic lamellar bi-
layer structures produced upon combining non-ionic surfac-
tant(s) with cholesterol [27]. Niosomes form closed bilayer
vesicles  in  the  aqueous media  on the  basis  of  amphiphilic
characteristics employing some energy, such as heat, physi-
cal agitation, etc., to produce niosomal structure. Transfero-
somes  (deformed  liposomes)  are  elastic-natured  vesicular
systems, where at least one aqueous compartment is encased
by a lipidic bilayer and an edge activator [28].  Ethosomes
are  another  category of  vesicles  containing phospholipids,
ethanol and water [29, 30]. Phytosomes are lipid-compatible
plant-based  extract  molecular  complexes  [29].  Pharmaco-
somes are colloidal dispersions containing pharmaceuticals,
which  are  usually  covalently  linked  to  lipids  [31].  Viro-
somes are lipid bilayers made of lipids derived from retro-
viruses that have been injected with virus glycoproteins [32,
33].  Enzymosomes  are  liposomal  units,  which  are  formed
when an enzyme is co-valently attached to the liposomal sur-
face [34]. Ufasomes (unsaturated fatty acid liposomes) are
vesicles,  where  long-chain  fatty  acids  and  soap  are  com-
bined  to  form vesicles  [35].  The  oral  delivery  of  vaccina-
tions  is  made  possible  via  bilosomes,  which  are  bile  salt-
based delivery systems [31]. Aquasomes are spherical nano-
sized vesicles that are nanosized and used to deliver drugs
and  antigens  [36].  Emulsomes  are  lipid-based  nanosized
vesicles with a polar group and a lipid assembly [37]. Cubo-
somes  are  lipid-based  nanovesicles  of  bicontinuous  cubic
phases divided by a lipid layer into two distinct, continuous,
but non-intersecting hydrophilic zones [38]. Sphingosomes
are  vesicles  comprising  an  aqueous  core  surrounded  by
means  of  a  lipidic  bilayer  membrane  composed  of  sphin-
golipid(s) [39]. Colloidosomes are nanosized hollow shells
of colloidal dispersions whose permeability and flexibility
are adjusted during manufacturing [40]. Human erythrocyte
cytoskeletons  undergo  chemical  cross-linking  coat  lipid-
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based structures called erythrosomes [41]. Discomes are sub-
stantial  disk-shaped  structures  created  when  a  specified
amount of surfactant is added to a mixture of vesicular dis-
persions [42].

3.2. Compositions
Different synthetic varieties of nanovesicles possess dist-

inctive compositional features.

3.2.1. Liposomes
Liposomes are colloidal, microscopic, concentric bilay-

ered  vesicles  containing  an  aqueous  core  surrounded  with
phospholipid bilayer membranes [25]. These phospholipids
include  phosphatidylcholine,  phosphatidylglycerol,  phos-
phatidylserine,  phosphatidylinositol,  etc.  Phos-
phatidylethanolamine and phosphatidylcholine are the neu-
tral  phospholipids,  whereas  phosphatidylserine  and  phos-
phatidylglycerol are the anionic phospholipids. The composi-
tion of liposomes contains cholesterol, which amplifies the
bilayer’s stability and membrane fluidity. As the phospho-
lipid  bilayers  are  the  most  common  components  of  lipo-
somes,  they  are  structurally  comparable  to  the  cell  mem-
branes in their fundamental composition and function. These
characteristics have greatly enhanced the demand for lipo-
somes as drug-delivery vehicles and as cell-mimicking mod-
els in research involving membrane functions, drug-cell in-
teractions, and internalization procedures. In addition to this,
it  decreases  the  aqueous-soluble  molecules’  permeability
across the membrane [43]. Because of their unique structural
features, they entrap both hydrophobic and hydrophilic drug
candidates. The hydrophobic drug candidates are loaded in
the lipid bilayer; hydrophilic drug candidates are loaded into
their hydrophilic core [26].

3.2.2. Niosomes
Niosomes  have  structural  similarities  with  liposomes.

The vesicles contain a bilayer of non-ionic surfactants (e.g.,
Span 40 and 60) and cholesterol [27]. The non-ionic surfac-
tants  start  to  align  themselves  so  that  the  aqueous-soluble
ends  are  directed  toward  one  another  and  the  hydrophilic
ends of the non-ionic surfactant point outward in all direc-
tions to stabilize the bilayer. Its lipid membrane can either
be unilamellar or multilamellar, which are more stable than
liposomes.  In  most  cases,  hydrophilic-lipophilic  balance
(HLB) value is used to guide the surfactant selection. Non-
ionic  surfactant  molecules  tend naturally  to  arrange them-
selves so that hydrophilic ends point outwards, whereas hy-
drophobic ends face each other to produce the bilayer struc-
ture. Because of the incorporation of nonionic surfactants as
composition materials, the size and charge of niosomes are
both enhanced, which further improves their encapsulation
efficiency.

3.2.3. Transferosomes
Transferosomes are elastic vesicles containing phospho-

lipids  and edge  activators.  They are  more  favourable  than
conventional liposomes and niosomes due to their excellent

elasticity and ability to penetrate wide pore sizes [28, 44].
Transferosomes are substantially more stable than conventio-
nal liposomes, and the self-developed bilayer lipid vesicle
can survive external strain [45]. In the preparation of trans-
ferosomes, edge activators are used to enhance the elasticity
of  the  membrane  and  help  in  the  deformation  of  vesicles.
Phospholipids are the main lipidic bilayer compositions of
transferosomes  presenting  the  vesicle  stability.  Therefore,
the incorporation of membrane-stabilizing agents like phos-
pholipids and destabilizing agents is essential for non-rigid
or elastic vesicles (transferosomes). Transferosomes are pro-
duced using a variety of edge activators, including sodium
cholate, sodium oleate, sodium deoxycholate, diacetyl phos-
phate, dipotassium glycyrrhizinate, Tweens, Spans, etc [46].
Two  examples  of  lipid  bilayer  raw  materials  that  prepare
transferosomes  are  soy  lecithin  and  soy  hydrolyzed  phos-
phatidylcholine [47].

3.2.4. Ethosomes
Ethosomes are soft-natured and novel  vesicular  carrier

systems that are specifically designed for improved drug de-
livery  (e.g.,  transdermal  distribution).  They  are  more  fre-
quently utilized in cosmetic preparations because of the prop-
erties of their composition. Ethosomes are soft and flexible
vesicular carriers containing high concentrations of ethanol
(20–45%), designed for improved delivery of drugs [29]. By
means of interacting with the polar heads of lipids, they are
frequently employed to lower the melting points of lipids in
the stratum corneum, to enhance the lipid fluidity and to im-
prove the cell membrane permeability. Ethosomes are pre-
dominantly composed of phospholipids,  for example,  soy-
bean  phosphatidylcholine.  Moreover,  propylene  glycol  is
usually employed, which also improves penetration [48]. By
incorporating penetration enhancers like labrasol, transcutol,
and PEG 400 for the ethanol in their phospholipid bilayer,
they overcome the drawbacks of ethosomes.

3.3. Manufacturing
Several  manufacturing  procedures  are  used  to  produce

nanovesicles based on vesicle types, drugs, scalability, and
lamellarity.

3.3.1. Thin Film Hydration
The common approach for preparing nanovesicles is the

thin film hydration process. It requires simply withdrawing
the solvent from a flask with a round bottom, adding the dis-
persion medium, and stirring to generate a thin hydrophobic
layer. However, the formation of nanovesicles begins to be
heterogeneous with continued agitation. It must be extruded
through a polycarbonate membrane to make it homogeneous
[49].

3.3.2. Nonshaken Method
This approach involves exposing the film to a stream of

nitrogen-rich  water  to  hydrate  it,  after  which  it  can  begin
swelling in a liquid suspension devoid of shaking operation.
This approach yields large, in unilamellar vesicles [50].
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3.3.3. Proliposomes
Hydration occurs immediately following the absorption

of vesicles. Here, phospholipid materials are treated on fine-
ly divided particles with an air support, like sorbitol or sodi-
um chloride. These lipid-coated powders (proliposomes) are
mixed with water only when necessary to prepare a suspen-
sion of multilamellar vesicles [51].

3.3.4. Freeze-drying Method
It is involved in preparing a homogeneous lipidic disper-

sion  in  aqueous  soluble  carrier  molecules.  To  prepare  the
transparent and isotropic monophase solution, aqueous solu-
ble  carriers,  like  sucrose  and  liposome-forming  lipids,  are
solubilized in alcohol/water cosolvent systems. Afterward,
the above solution is sterilized and transferred into vials for
freeze-drying. In an investigation, the drying process is car-
ried out in a laboratory freeze-drier [51]. The ratio of lipid to
carrier is the main reason influencing the sizes and polydis-
persity of the liposome formations based on an analysis of
the method's many characteristics.

3.3.5. Ethanol Injection Method
This method is primarily employed to make tiny needles.

To prevent drying of the alcohol,  the drugs and soy phos-
phatidylcholine  are  incorporated  into  ethanol  in  a  closed
glass  container.  The  mixture  is  then  stirred  continuously,
and distilled water is syringed into the mixture in a stream-
lined motion [52].

3.3.6. Ether Injection Method
Niosomes are usually prepared using this method of vesi-

cle  preparation,  which  is  different  from the  ethanol  injec-
tion. The solvent is expelled from the liposomal product by
heating  ether,  which  is  insoluble  in  aqueous  phase.  This
method entails infusing ether-lipid solutions into a warmed
aqueous environment above the boiling point of ether. The
ether evaporates upon contact with the water. Compared to
ethanol injection, this method of vesicle preparation has the
benefit that the product is solvent-free, facilitating the manu-
facturing procedure to be performed for more extended peri-
ods and producing concentrated liposomal constituents with
increased entrapment [53].

3.3.7. Hot Method
This technique is usually used to prepare ethosomes. In

the hot method process, the drug is dissolved in a solution of
ethanol-propylene  glycol  before  being  added  to  phospho-
lipid dispersion in water at 40°C. Following a thorough mix-
ing, it is then sonicated at a temperature of 4°C for 3 cycles
of 5 min each;  with a 5 min break in-between each cycle.
Then, the mixture is well homogenized by means of a high--
pressure homogenizer to produce nanosized ethosomes [52].

3.3.8. Cold Method
This method is well-known as one of the most popular

and commonly applied manufacturing procedures for etho-
somes.  Drug,  phospholipids,  and other lipidic components
are dissolved in ethanol with constant stirring at room tem-

perature.  The obtained drug-lipids  mixture is  heated up to
30°C, using temperature controlled water bath, and after be-
ing heated, water is adjoined to the mixture and then well--
stirred for a period of 5 min in a closed vessel. If necessary,
the  ethosomal  formulation  sizing  may  need  to  be  reduced
through an additional  sonication process  or  extrusion pro-
cess. The formulation must safely be refrigerated [52].

3.3.9. Heating Method
The  heating  method  is  effective  for  the  production  of

nanovesicles, specifically powder-inhalable nanovesicles. In
this method, nanovesicles are produced in an environmental-
ly friendly manner without the use of solvents or detergents
[54]. In brief, the drug, cholesterol, and surfactants, are add-
ed to the aqueous. The solution is prepared by stirring and
heating the aqueous phase. Afterwards, 3% v/v  polyol (for
example,  glycerol)  is  added  to  the  solution.  The  heating
method does not use any toxic organic solvent [55].

3.3.10. Reverse-phase Evaporation
This manufacturing procedure involves the evaporation

of organic solvents to form a lipidic layer at reduced pres-
sure. After nitrogen is removed from the system, the lipidic
materials are redissolved in a subsequent organic phase con-
taining ether(s) (isopropyl ether and/or diethyl ether). Add-
ing an aqueous buffer leads to the development of unilamel-
lar  as  well  as  oligolamellar  vesicles.  The organic  solvents
evaporate, keeping the system under constant nitrogen pres-
sure. These vesicles contain 30 times more aqueous volume
to lipid ratios than multilamellar and sonicated preparations.
Most notably,  the vesicles contain a significant amount of
the  aqueous  phase,  efficiently  encapsulating  even  large
macromolecular  assemblies  [51].

3.3.11. Ultrasonication
An  alkaline  step  treats  the  surfactant-cholesterol  mix-

tures in glass beakers. After that, a probe is continually used
to stir the solution for a predetermined period. The resulting
vesicles  have  a  thin,  uniform,  and  unilamellar  form.  The
comparable  vesicle  sizes  of  niosomes  are  typically  larger
than that of conventional liposomes. This technique is useful
to prepare niosomes larger than 100 nm in diameter [51].

4. OVERCOMING THE CHALLENGES OF CONVEN-
TIONAL  SYSTEMS  FOR  THE  DELIVERY  OF  AN-
TIVIRAL  AGENTS

The administration of antiviral agents via different con-
ventional dosage forms is associated with several issues, in-
cluding  limited  bioavailability,  toxicity  issues,  drug  resis-
tance, generalized targeting, and short half-lives of antiviral
agents. Nanomedicine, or the use of nanotechnology in diag-
nostic and therapeutic settings, is the process of downsizing
materials to the nano-range [56]. A novel category of phar-
maceutical nanomaterials known as nanopharmaceuticals ex-
hibits the benefits of a high surface/volume ratio, compact
sizes, and favourable surface chemistry issues. Also, antivi-
ral nanocarriers can be administered intravenously without
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Fig. (1). Different challenges of conventional delivery of antiviral drugs. (A higher resolution / colour version of this figure is available in
the electronic copy of the article).

the risk of being retained by pulmonary capillaries [57]. Dif-
ferent challenges of conventional delivery of antiviral drugs
are presented in Fig. (1).

5.  DELIVERY  OF  ANTIVIRAL  DRUGS  USING
NANOVESICLES

Advancements in drug delivery technology are undergo-
ing a revolution in the era of nanobiotechnology. Compared
to conventional therapy, nanobiotechnology significantly im-
proved medication pharmacodynamics and pharmacokinet-
ics by improving drug-specific targeting and extending drug
bioavailability in the body [58]. A particular emphasis is be-
ing placed on delivering antiviral  medicines using various
nanocarriers. In addition, employing the right nanocarriers
made it possible to deliver poorly soluble antiviral medica-
tions, increase drug stability, promote pharmacokinetics, and
decrease unfavourable immune activation [59, 60]. Different
nanovesicles for antiviral drug delivery and their potential
advantages are presented in Fig. (2).

5.1. Liposomes
These are synthetic vesicles encapsulated in a phospho-

lipid bilayer of lipids [61]. Within liposomes, many insolu-
ble and aqueous-soluble drugs can be entrapped and solubil-
ized into the bilayer as well as an aqueous core because of
the presence of both hydrophilic and hydrophobic moieties
[62].  Their  size  impacts  the  drug  encapsulation  and  half-
lives  of  drugs  [63,  64].  PEGylation  of  liposomes  helps  to
maintain their half-lives and the transport of drugs to the ac-
tion site [65]. The drug's permeability, stability, bioavailabili-
ty, and bioaccumulation at HIV reservoir locations are all im-
proved by the liposomal delivery strategy. Moreover, lipo-
somes are easily surface-modifiable, which is effective for
targeted drug delivery.

In a work, Shen and Tu (2007) designed ophthalmic gan-

ciclovir-loaded liposomes and evaluated their ocular pharma-
cokinetics [65]. These ophthalmic liposomes were formulat-
ed  by  reverse-phase  evaporation.  The  transcorneal  ganci-
clovir  permeability  (in  vitro)  of  ganciclovir-loaded  lipo-
somes was 3.90-fold higher than that of ganciclovir solution.
Any variation was not noticed in the precorneal ganciclovir
elimination rate from ganciclovir-loaded liposomes vs. ganci-
clovir solution, in vivo administration in Albino rabbits. Th-
ese ganciclovir-loaded liposomes showed a 1.70-fold elevat-
ed ganciclovir concentration in aqueous humor than that of
ganciclovir solution. Korvasová et al. (2012) designed cido-
fovir-loaded stable cationic liposomes using some new ca-
tionic lipids, which were synthesized on the basis of sper-
mine linked to  different  anchors  of  hydrophobic  character
[66]. In vitro toxicity of these cidofovir-loaded cationic lipo-
somes was carried out on the Madin-Darby bovine kidney
(MDBK) cells (generally used as a cell-line model for viral
activity) and some cancer cell-lines. The results of in vitro
toxicity demonstrated no toxicity by the drug-free cationic li-
posomes and cidofovir-loaded cationic liposomes. The deliv-
ery of loaded cidofovir and calcein (a fluorescence marker)
into cells has been attained because of the large amount of in-
ternalization of cationic liposomes as confirmed by fluores-
cent microscopy and analyzed by flow cytometry. The signif-
icantly improved antiviral action of cidofovir was found in
the case of cidofovir-loaded cationic liposomes.

Law et al., (2000) formulated acyclovir-loaded ocular li-
posomes for enhanced corneal penetration and absorption of
loaded acyclovir [67]. In this research, both in vitro and in
vivo  evaluations were performed to study corneal penetra-
tion and absorption of loaded acyclovir, respectively, from
acyclovir-loaded  liposomes.  The  corneal  penetration  (in
vitro) result revealed that the cationic acyclovir-loaded lipo-
somes were capable of producing a lower acyclovir penetra-
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Fig. (2). Different nanovesicles for antiviral drug delivery and their potential advantages. (A higher resolution / colour version of this figure
is available in the electronic copy of the article).

tion rate as compared to that of anionic acyclovir-loaded li-
posomes and acyclovir solution. On the other hand, in vivo
corneal absorption results revealed that the acyclovir absorp-
tion  rate  from  cationic  acyclovir-loaded  liposomes  was
found higher as compared to that of anionic acyclovir-load-
ed liposomes and acyclovir  solution.  The concentration of
acyclovir in the cornea after ocular administration of cation-
ic acyclovir-loaded liposomes demonstrated a greater rate of
corneal  deposition  of  acyclovir  in  comparison  to  that  of
anionic acyclovir-loaded liposomes and acyclovir solution.

Naderkhani et al., (2014) developed mucoadhesive lipo-
somes to increase the permeability of loaded acyclovir [68].
These  acyclovir-loaded  liposomes  were  formulated  using
egg phosphatidylglycerol and egg phosphatidylcholine. The
negatively charged acyclovir-loaded liposomes made of egg
phosphatidylcholine/egg phosphatidylglycerol could entrap
more acyclovir compared to that of the neutral charged acy-
clovir-loaded liposomes made of egg phosphatidylcholine.
The entrapment of acyclovir within liposomes displayed a
significant enhancement in in vitro  permeability of loaded
acyclovir, than that of the acyclovir aqueous solution. The
neutrally charged acyclovir-loaded liposomes demonstrated
higher acyclovir permeability (in vitro) compared to that of
the charged acyclovir-loaded liposomes made of egg phos-
phatidylcholine/egg  phosphatidylglycerol.  The  acy-
clovir-loaded liposomes were coated with Carbopol to make
mucoadhesive,  which  increased  the  acyclovir  entrapment
within the neutral-charged acyclovir-loaded liposomes. The
Carbopol-coating onto these acyclovir-loaded liposomes de-
monstrated a significant enhancement in in vitro permeabili-
ty of loaded acyclovir in the case of acyclovir-loaded lipo-

somes made of egg phosphatidylcholine/egg phosphatidylg-
lycerol  and acyclovir-loaded sonicated liposomes made of
egg phosphatidylcholine. Both these acyclovir-loaded lipo-
somes demonstrated the maximum in vitro permeability of
loaded acyclovir compared to that of all tested formulations.
Ramana et al., (2012) investigated the release rate of saqui-
navir-loaded PEGylated liposomes in mammalian cells [69].
According to the results of in vitro tests, saquinavir-loaded
PEGylated liposomes exhibited a sustained saquinavir-releas-
ing profile and lower cytotoxicity than non-PEGylated lipo-
somes.

Asasutjarit et al. (2020) designed and evaluated transfer-
rin-conjugated liposomes containing ganciclovir via the rev-
erse-phase evaporation technique for topical instillation and
intravitreal  injection [70].  The physicochemical  properties
of  transferrin-conjugated  liposomes  of  ganciclovir  were
found to be affected by the composition of liposomes. The
optimized formulation of transferrin-conjugated liposomes
of  ganciclovir  exhibited  a  negative  zeta  potential  and
nanometer-ranged sizing (<100 nm). The in vitro cytotoxici-
ty results on the human retinal pigment epithelial cells (AR-
PE-19 cells) demonstrated that the optimized formulation of
ganciclovir-loaded  transferrin-conjugated  liposomes  was
safe. These transferrin-conjugated liposomes containing gan-
ciclovir were taken up by ARPE-19 cells via transferring re-
ceptors-mediated endocytosis and exhibited an inhibitory ac-
tion on cytomegalovirus in the infected cells. Hence, the opti-
mized  transferrin-conjugated  liposomes  containing  ganci-
clovir could be used for targeted ganciclovir delivery to the
retina to treat cytomegalovirus retinitis. In another research,
a combination of two antiretroviral drugs,
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Table 1. Different liposomal formulations for antiviral drug delivery.

Liposomal Formulations Antiviral Drug Loaded
Specific Viruses the
Loaded Drugs Can
Treat, if Mentioned

References

Chitosan/hyaluronic acid film stabilized nanoliposomes
to treat coronavirus infection

    Remdesivir           Coronavirus Milkova et al., (2023) [72]

Liposomes for improved tissue targeting Lamivudine HIV Godbole et al., (2020) [73]

Spray dried liposomes     Lopinavir HIV Maniyar et al., (2020) [74]

Glycyrrhetinic acid-modified cationic liposomes for tar-
geted HBV infection therapy

    Tenofovir HBV Yao et al., (2020) [75]

Gelatin liposomes to treat HIV infection     Stavudine HIV Nayak et al., (2017) [76]

Dual drug-loaded liposomes for HIV infection therapy     Enfuvirtide-Protoporphyrin IX HIV Figueira et al., (2020) [77]

Liposomal drug delivery with glutathione     Efavirenz HIV Kenchappa et al., (2022) [78]

Liposomal hydrogels for topical vaginal delivery for
HIV infection prevention

Emtricitabine and tenofovir disoproxil fu-
marate

HIV Faria et al., (2019) [79]

Proliposomes for oral delivery     Lopinavir - Patel et al., (2017) [80]

Functionalized proliposomes for lymphatic targeting     Ritonavir - Ahammed et al., (2017) [81]

Proliposomal powder for oral delivery     Darunavir - Bhusari et al., (2020) [82]

Liposomal formulations to treat HIV and AIDS infec-
tions

    Tenofovir HIV Spinks et al., (2017) [83]

Aerosolized nanoliposomal carrier for treatment of
COVID-19

    Remdesivir Coronavirus Vartak et al., (2021) [84]

Liposomal inhalation for targeted delivery to lungs     Remdesivir Coronavirus Li et al., (2021) [85]

Liposomes for anti-HIV therapy     Efavirenz HIV Kheoane et al., (2023) [86]

Liposomes for intranasal systemic delivery     Acyclovir - Alsarra et al., (2008) [87]

namely,  saquinavir  and  nevirapine,  was  conjugated  with
stealth anti-CD4 conjugated immunoliposomes [71]. These
immunoliposomes  exhibited  significant  inhibition  of  viral
proliferation  in  comparison  to  those  of  free  drugs  alone
(saquinavir and nevirapine). The immunoliposomes conju-
gated with anti-CD4 might have produced a selective deliv-
ery of saquinavir and nevirapine, to the HIV-infected cells
via the CD4 receptor. Therefore, this approach with the use
of stealth anti-CD4 conjugated immunoliposomes might effi-
ciently inhibit the viral proliferation with lower concentra-
tions of saquinavir and nevirapine, probably decreasing the
toxicity as well as resistance issues related to these two an-
tiretroviral drugs. Some other studies on liposomal formula-
tions for antiviral drug delivery are summarized in Table 1.

5.2. Niosomes
Niosomes are being delivered via topical applications, in-

cluding  transdermal  and  ocular  drug  delivery.  These  are
more consistent, stable, and economical as compared to lipo-
somes, and niosomes [72-88]. Compared to liposomes, nio-
somes contain a higher proportion of the drug-loaded subs-
tance. In addition, niosomes offer a more excellent residence
time in blood, and thus, this allows less frequent dosing. In
research, zidovudine was loaded in niosomes to treat AIDS
[89]. In the treated rabbit serum, the niosomal formulations
showed a prolonged half-life of zidovudine. Ruckmani and
Sankar (2010) formulated zidovudine-loaded niosomes for
effective  AIDS  therapy  [90].  In  this  research,  zi-
dovudine-loaded  niosomes  were  optimized  by  varying
cholesterol, Span and Tween contents as composition-relat-

ed  variables;  whereas  the  influence  of  process  variables,
such  as  sonication  time,  hydration  time,  charge-inducing
agent,  rotational  and  centrifugation  speed  of  evaporation
flask on the zidovudine entrapment and releasing of zidovu-
dine from zidovudine-loaded niosomes was investigated. Zi-
dovudine-loaded niosomes formulated using Tween 80 were
found to be highly zidovudine entrapped. In addition, the in-
corporation of dicetylphosphate improved the zidovudine re-
lease (88.72%) over a prolonged time for a longer time (>
12  h).  Jacob  et  al.  (2017)  prepared  acyclovir-loaded  nio-
somes  via  coacervation  phase  separation  and  these  acy-
clovir-loaded niosomes were transferred to gel formulations
for skin delivery [91]. They also optimized acyclovir-loaded
niosomal gel by 32 factorial design, where various ratios of
cholesterol,  phospholipids  and  nonionic  surfactants  were
varied. The drug entrapment of these niosomes was found to
be influenced by the alteration of surfactant concentration.
The in vitro releasing of acyclovir from these niosomes was
found to be impacted by the use of surfactant combinations,
especially  by  the  cholesterol  to  lecithin  ratio.  In  ex  vivo
permeation evaluation, the result indicated a substantial vari-
ation in permeation fluxes and also was found to be impact-
ed by the niosomal composition. In addition, the optimized
acyclovir-loaded niosomal gel indicated greater drug diffu-
sion into the skin-layers to form a depot than that of the com-
mercially available acyclovir cream (as control). The plasma
drug level suggested a lower systemic in vivo  exposure of
acyclovir for acyclovir-loaded niosomes.

Using the reverse-phase evaporation method, Akhter et
al. (2011) designed ganciclovir-loaded mucoadhesive nioso-
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mal  dispersion  for  ocular  administration  [92].  These  pre-
pared niosomes were round-shaped with 23-200 nm of siz-
ing, which were found to be nonirritant and nontoxic. Mehta
and Jindal (2015) developed nevirapine-loaded niosomes us-
ing tyloxapol (a biological surfactant) and variable concen-
trations of cholesterol [93]. Formulations of nevirapine-load-
ed niosomes prepared using a 1:0.1 surfactant to cholesterol
molar ratio exhibited the maximum stability with optimal hy-
drophobicity. The drug release evaluation suggested that the
nevirapine efflux was found to be sustained with a depot ef-
fect and lessened the nevirapine-releasing fluctuations. Zi-
dan et al. (2011) designed tenofovir-loaded niosomes with
the use of a high-pressure homogenizer [94]. The tenofovir
released  from tenofovir-loaded  niosomes  was  found  to  be
significantly impacted by the factors related to the composi-
tion of niosomes rather than the physical ones. These teno-
fovir-loaded niosomes might be used for anti-HIV therapy
in pediatric patients.

Patel  et  al.  (2012) developed niosomal gel  via  a  thin--
film hydration technique for transdermal lopinavir delivery
[95].  The  formulation  optimization  was  carried  out  with
varied quantities (molar) of both cholesterol and Span 40 to
attain desirable properties of niosomes. The optimized nioso-
mal gel containing lopinavir exhibited high drug entrapment
with minimal sizing of vesicles. The obtained results of his-
topathological studies suggested a better safety for the opti-
mized lopinavir-loaded niosomes as compared to that of lopi-
navir-loaded ethosomes. In male Wistar rats, the bioavailabil-
ity  evaluation  results  demonstrated  significantly  higher  in
vivo lopinavir absorption via the transdermally applied nioso-
mal gel of lopinavir in comparison to that of the oral suspen-
sion of lopinavir. Hashim et al.,  (2010) developed ribavir-
in-loaded niosomes for liver targeting, which were prepared
via  thin-film  hydration,  where  cholesterol,  dicetyl  phos-
phate,  and  Span  60  were  used  in  different  molar  ratios
[96-104]. These ribavirin-loaded niosomes prepared using a
4:2:1 molar ratio of Span 60, cholesterol, and dicetyl phos-
phate demonstrated a significantly higher drug (ribavirin) en-
trapment  and  more  sustained  release  of  ribavirin  as  com-
pared to those of other niosomal formulations prepared with
other molar ratios. This above-discussed niosomal formula-
tion was chosen for a liver targeting study, in vivo. The rib-
avirin-loaded  niosomal  formulation  with  a  30  mg/kg  rib-
avirin as a single dose was administered by intra-peritoneal
injection  into  rats.  The  results  exhibited  that  the  ribavir-
in-loaded niosomal formulation (prepared using 4:2:1 molar
ratio of Span 60, cholesterol, and dicetyl phosphate) signifi-
cantly augmented the liver concentration of ribavirin (6-fold
increment)  as  compared  to  that  of  free  ribavirin  solution.
Some other  studies  on niosomal  formulations  for  antiviral
drug delivery are summarized in Table 2.

5.3. Ethosomes
These are usually utilized for transdermal drug delivery

administration. They are employed to deliver antiviral drugs
because they enable improved drug penetration and reduce
skin  irritability.  Several  investigations  have  been  reported

on  the  design  and  delivery  of  antiviral  agent-loaded  etho-
somes  [105].  For  instance,  zidovudine,  an  anti-HIV  drug,
was loaded in ethosomes for enhanced transdermal adminis-
tration [106]. In this research, the skin penetration rate of zi-
dovudine-loaded  ethosomes  was  evaluated.  The  extent  of
skin permeability was evaluated using fluorescence micros-
copy.  The  findings  revealed  that  zidovudine-loaded  etho-
somes exhibited the highest penetration rate as compared to
others.

Patel  et  al.  (2012) designed a lopinavir-loaded ethoso-
mal carrier for transdermal delivery of lopinavir. The lopi-
navir-loaded ethosomal carrier exhibited good ex vivo skin
permeation  of  lopinavir  [95].  The  bioavailability  via  the
transdermal delivery was tested, in vivo, in male Wistar rats.
In male Wistar rats, the in vivo bioavailability evaluation re-
sults demonstrated significantly higher lopinavir absorption
via the transdermally applied lopinavir-loaded ethosomal car-
rier in comparison to that of the oral suspension of lopinavir.
In another research, Dubey et al. (2010) investigated the indi-
navir delivery via  ethosomes with transdermal administra-
tion  [107].  In  this  work,  optimal  ethosomal  formulations
were formulated with ethanol (45%) and soya phosphatidyl-
choline (3%), which exhibited high drug entrapment efficien-
cy (96.71% ± 1.4%) and 147 ± 4.5 nm vesicle size. The high
drug  entrapment  efficiency  of  indinavir-loaded  ethosomal
formulation  might  be  due  to  the  enhanced  interaction  of
ethanol  with  lipophilic  natured  indinavir.  The  transdermal
permeation of indinavir was found significantly increased by
the indinavir-loaded ethosomes than that of indinavir solu-
tion,  ethanolic  solution  of  indinavir  and  indinavir-loaded
conventional liposomes. The percutaneous flux of indinavir
in the case of the indinavir-loaded ethosomes was measured
at 27.2 ± 4.2 mg cm-2/h.

A different investigation investigated the transdermal de-
livery of acyclovir via ethosomes [108]. In this research, acy-
clovir prodrug was loaded in ethosomes to compare their ef-
fectiveness. The results revealed that these ethosomes had a
significantly higher acyclovir concentration in the epidermal
layers than the free prodrug. Another antiviral drug, lamivu-
dine, was encapsulated within ethosomes and liposomes for
transdermal  delivery  [109-115].  These  lamivudine-loaded
ethosomes presented a 25-fold greater flux across skin than
the solution of free lamivudine. The effect of ethosomes dis-
rupting the stratum corneum and the ethosomes' flexibility
might  be the leading causes  of  increased skin permeation.
Some other studies on ethosomal formulations for antiviral
drug delivery are summarized in Table 3.

5.4. Exosomes
Exosomes are external lipid bilayer-made nanovesicles

produced by cells [116]. These are in large quantities that oc-
cur in body fluids like saliva, blood, urine, etc., responsible
for transporting cell-specific components, like and proteins,
lipids, and genetic materials. These are picked up by repro-
grammed distant cells depending on the specific cargo pro-
vided [117]. In general, exosomes are released by eukaryotic
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Table 2. Different niosomal formulations for antiviral drug delivery.

Niosomal Formulations Antiviral Drug Loaded
Specific Viruses the
Loaded Drugs Can
Treat, if Mentioned

References

Menthol-containing niosomes     Lopinavir - Fayed et al., (2022) [97]

Niosomes for treatment of HSV type-1 infection     Acyclovir HSV Monavari et al., (2014) [98]

Mucoadhesive niosomal gels for AIDS treatment     Tenofovir HIV Zidan and Habib (2014) [99]

Niosomes for oral delivery
    Tenofovir disoproxil fu-

marate
Retrovirus Kamboj et al., (2014) [100]

Niosomal dispersion for oral delivery     Ganciclovir - Akhter et al., (2012) [101]

Nano-gold-loaded mannosylated niosomes containing ther-
mogel system

    Efaverinz HIV-1 Malik et al., (2018) [102]

Niosomes for HIV/AIDS treatment     Nevirapine HIV
Witika and Walker (2019, 2021) [103,

104]

Table 3. Different ethosomal formulations for antiviral drug delivery.

Ethosomal Formulations Antiviral Drug Loaded Specific Viruses the Loaded Drugs Can
Treat, if Mentioned References

Topical ethosomal gel for HSV-1 Infection treatment     Dimethylfumarate HSV-1 Sicurella et al., (2023) [110]

Ethosomes-loaded transdermal patch     Stavudine and lamivudine - Gupta et al., (2019) [111]

Ethosomes for treatment of HSV-1 infection     Acyclovir HSV-1 Cortesi et al., (2010) [112]

Ethosomes for transdermal delivery     Lamivudine - Sudhakar et al., (2021) [113]

Ethosomes     Acyclovir - Hussain et al., (2023) [114]

Binary ethosomes for transdermal delivery     Acyclovir - Alshehri et al., (2021) [115]

cells and are known to typically for transporting cell-specif-
ic components to the distant cells as inter-cellular messen-
gers, which are essential for viral infections. During infec-
tion due to influenza virus, exosomes change composition,
causing them to express antiviral proteins, helping to trigger
inflammatory responses and preventing the virus from inter-
acting with pulmonary cells [118, 119]. Exosomes are also
highly  selective  in  their  localization  and possess  a  special
ability to interact with target cells. Owing to their inherent re-
action to viruses and their infections, exosomes present great
promise as a kind of nanovesicular system for the delivery
of antiviral agents.

Bedford et al.  (2020) conducted an in vivo  experiment
on airway exosome releasing by employing a mouse model
of  influenza virus infection [120].  In this  research,  the re-
search findings demonstrated that the infection affected the
protein composition of exosomes. In this experiment, pulmo-
nary inflammation was generated by intravenously adminis-
tering exosomes from infected to healthy mice.  In this  in-
vestigation, exosomes carrying antigens were attached to the
surfaces of healthy cells, preventing them from becoming in-
fected. According to this study, these exosomes may be used
to treat influenza in humans. Daneshi et al. (2022) hypothe-
sized  that  the  mixing  S1b-RBD-expressing  mesenchymal
stem  cell-derived  exosomes  (47D11  antibody-engineered
and previously enriched with remdesivir) be capable of pro-
ducing effectual delivery to the targeted microenvironment
of COVID-19 infection [121]. Additionally, the 47D11 anti-
body-engineered targeted exosomes can induce immunomod-
ulatory properties, and antiviral actions, abstaining from the

entry of severe acute respiratory syndrome-associated coron-
avirus-2 to ACE (angiotensin-converting enzyme) 2-express-
ing cells.

5.5. Transferosomes
Transferosomes  (elastic  or  deformable  liposomes)  are

elastic vesicular structures containing an edge-activator, and
at least one interior aqueous compartment is enclosed by a li-
pidic bilayer [28]. Its aqueous core is encased by a lipidic bi-
layer, and produces ultra-deformable vesicular structures, ca-
pable of self-optimization and self-regulation [21, 36]. Due
to their inherent elasticity, transferosomes can deform and
squeeze  themselves  into  skin  constrictions  or  microscopic
pores far smaller than the vesicle size without suffering any
apparent loss [28]. Edge activators serve as membrane desta-
bilizing agents for the enhancement of the deformability of
vesicular membranes [44]. When combined in the ideal ratio
with  the  suitable  lipid,  transferosomes  are  made  more  de-
formable and ultra-flexible, increasing their permeation ca-
pacity [121]. A wide variety of substances can be efficiently
transported  by  transferosomal  carriers,  regardless  of  their
sizes, structures, molecular weights, polarities, etc. Because
of these, transferosomes can penetrate the skin pores, much
smaller as compared to their diameters and circumvent the
main limitation of liposomes. The active chemicals transport-
ed via transferosomes include proteins, insulin, NSAIDs, in-
terferons, anesthetics, anticancer agents, corticosteroids, and
herbal drugs.

Peira  et  al.,  (2006)  reported  acyclovir-loaded  cationic
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elastic  liposomes  for  topical  delivery  to  Herpes  simplex
virus infection [122]. These acyclovir-loaded cationic elastic
liposomes  were  prepared  using  l-alanine  benzyl  ester  or
stearylamine  and  sucrose  monopalmitate  (as  a  deforming
agent), which exhibited high acyclovir entrapment efficien-
cy. When applied non-conclusively on the skin of pig ear,
skin permeation flux of acyclovir from these acyclovir-load-
ed cationic elastic liposomes was found comparable to that
of the acyclovir-loaded non-elastic cationic liposomes. How-
ever,  it  was  found  higher  as  compared  to  that  of  acy-
clovir-loaded non-elastic anionic liposomes or acyclovir sus-
pension (as control). The skin deposition of acyclovir from
acyclovir-loaded elastic cationic liposomes was found elevat-
ed as compared to that from acyclovir-loaded non-elastic ca-
tionic  or  anionic  liposomes  and  then  that  from  acy-
clovir-loaded elastic anionic liposomes. Jain et al., (2008) de-
veloped acyclovir sodium-loaded elastic liposomes for trans-
dermal delivery, which were formulated via the convention-
al rotary evaporation technique [123]. Using confocal laser
scanning microscopy, the skin permeation of acyclovir was
evaluated and the skin permeation result demonstrated an im-
proved skin permeation of acyclovir from the developed elas-
tic liposomes to the deeper skin layers with a better flux and
reduced lag time. In in vivo evaluation, the developed elastic
liposomes exhibited 105 ± 9.40 ng/ml acyclovir sodium in
plasma after 24 h of transdermal application, which was esti-
mated about 4.20 fold as compared to that of the convention-
al  liposomes.  Hussain  et  al.  (2023)  formulated  acy-
clovir-loaded elastic liposomes to control cutaneous infec-
tion of herpes and herpes keratitis [114]. They investigated
the  acyclovir  permeation  using  cultured  human  EpiDerm,
and rat skin. The vesicle size of reformulated acyclovir-load-
ed was 217 nm. However, the acyclovir permeation from for-
mulated  acyclovir-loaded  elastic  liposomes  was  not  better
than acyclovir-loaded ethosomes.

CONCLUSION AND FUTURE PROSPECTS
Since the nanomedicine technique has been introduced

into therapeutic approaches, the possibility of eliminating vi-
ral illnesses is increasing. Nanomedicine has produced sever-
al novel solutions that have increased treatment efficiency
and reasonable success rates. Nanomedicine significantly im-
pacts antiviral therapy because it  increases bioavailability,
enables targeted drug administration, reduces unfavourable
side-effects, lowers the cost of treatment, and generally pro-
motes antiviral therapy. Compared to the conventional treat-
ment procedures, which need higher doses of antiviral medi-
cation, and rely on the patients adhering to the antiviral thera-
py routine, these features are beneficial for the effectiveness
of viral illness therapy. Nanomedicine also improves patient
compliance  because  it  reduces  the  length  of  the  treatment
regimen and the frequency of doses, making it a more eco-
nomical strategy. Moreover, early virus diagnosis, preventa-
tive  therapy,  and  personalized  therapy  are  all  done  using
nanomedicine.

The  utilization  of  nanovesicles  in  the  delivery  of  sys-
temic  and  topical  medications  has  enormous  potential  for
the delivery of antiviral medicines. One benefit of nanovesi-

cles is their painless and non-invasive delivery method. How-
ever,  nanovesicles  as  antiviral  drug  delivery  systems  still
need  more  study  before  they  can  be  developed  and  made
commercially  available.  One  challenge  is  nanotoxicology,
which requires a study of nanovesicles' toxicity and bio-elim-
ination properties to ensure safety.

The upcoming developments in nanovesicles for antivi-
ral drug delivery should involve virologists. Their participa-
tion is essential for evaluating the risk-benefit ratio for the
newly developed antiviral drug delivery formulations. Also,
virologists would produce new antiviral compounds to be de-
livered via the nanovesicular carriers. In addition, virologists
and nanoscientists would collaborate to maximize their at-
tempts to design and develop more biodegradable, and non--
toxic nanovesicular carrier-systems for the effective delivery
of antiviral molecules. As a result, future approaches should
comprise a comprehensive plan for the commercial produc-
tion of different nanovesicular carrier-systems using appro-
priate preparation methods. Last but not least, newly created
antiviral nanovesicles should be secure, of superior quality,
and effective in treating disease, and they should be made ac-
cessible to developing nations. This could only be accom-
plished by tackling the scientific as well as ethical dilemmas
confronting antiviral nanomedicine research.

AUTHORS' CONTRIBUTIONS
It is hereby acknowledged that all authors have accepted

responsibility for the manuscript's content and consented to
its submission. They have meticulously reviewed all results
and  unanimously  approved  the  final  version  of  the
manuscript.

LIST OF ABBREVIATIONS

HAART = High Antiretroviral Activity Therapy

HIV = Human Immunodeficiency Virus

HLB = Hydrophilic-Lipophilic Balance

HPV = Human Papilloma Virus

HSV = Herpes Simplex Virus

CONSENT FOR PUBLICATION
Not applicable.

FUNDING
None.

CONFLICT OF INTEREST
Dr. Amit Kumar Nayak is the Editorial Advisory Board

member of the journal Current Drug Delivery.

ACKNOWLEDGEMENTS
Both the authors are grateful to the President, Siksha ‘O’

Anusandhan  (Deemed  to  be  University),  Bhubaneswar,
Odisha,  India.



756   Current Drug Delivery, 2025, Vol. 22, No. 6 Bindhani and Nayak

REFERENCES

Cojocaru, F.D.; Botezat, D.; Gardikiotis, I.; Uritu, C.M.; Dodi, G.;[1]
Trandafir,  L.;  Rezus,  C.;  Rezus,  E.;  Tamba,  B.I.;  Mihai,  C.T.
Nanomaterials  designed  for  antiviral  drug  delivery  transport
across  biological  barriers.  Pharmaceutics,  2020,  12(2),  171.
http://dx.doi.org/10.3390/pharmaceutics12020171  PMID:
32085535
Rashidzadeh, H.; Danafar, H.; Rahimi, H.; Mozafari, F.; Salehi-[2]
abar, M.; Rahmati, M.A.; Rahamooz-Haghighi, S.; Mousazadeh,
N.; Mohammadi, A.; Ertas, Y.N.; Ramazani, A.; Huseynova, I.;
Khalilov, R.; Davaran, S.; Webster, T.J.; Kavetskyy, T.; Eftekhari,
A.; Nosrati, H.; Mirsaeidi, M. Nanotechnology against the novel
coronavirus (severe acute respiratory syndrome coronavirus 2): Di-
agnosis,  treatment,  therapy  and  future  perspectives.
Nanomedicine,  2021,  16(6),  497-516.
http://dx.doi.org/10.2217/nnm-2020-0441 PMID: 33683164
Colpitts, C.C.; Verrier, E.R.; Baumert, T.F. Targeting viral entry[3]
for  treatment  of  hepatitis  B and  C virus  infections.  ACS Infect.
Dis., 2015, 1(9), 420-427.
http://dx.doi.org/10.1021/acsinfecdis.5b00039 PMID: 27617925
Rivera, A.; Messaoudi, I. Pathophysiology of ebola virus infec-[4]
tion: Current challenges and future hopes. ACS Infect. Dis., 2015,
1(5), 186-197.
http://dx.doi.org/10.1021/id5000426 PMID: 27622648
Aditi, S.M.; Shariff, M. Nipah virus infection: A review. Epidemi-[5]
ol. Infect., 2019, 147, e95.
http://dx.doi.org/10.1017/S0950268819000086 PMID: 30869046
Chakravarty, M.; Vora, A. Nanotechnology-based antiviral thera-[6]
peutics. Drug Deliv. Transl. Res., 2021, 11(3), 748-787.
http://dx.doi.org/10.1007/s13346-020-00818-0 PMID: 32748035
Valesano, A.L.; Fitzsimmons, W.J.; McCrone, J.T.; Petrie, J.G.;[7]
Monto, A.S.; Martin, E.T.; Lauring, A.S. Influenza B viruses ex-
hibit lower within-host diversity than Influenza A viruses in hu-
man hosts. J. Virol., 2020, 94(5), e01710-19.
http://dx.doi.org/10.1128/JVI.01710-19 PMID: 31801858
Trovato, M.; Sartorius, R.; D’Apice, L.; Manco, R.; De Berardi-[8]
nis, P. Viral emerging diseases: Challenges in developing vaccina-
tion strategies. Front. Immunol., 2020, 11, 2130.
http://dx.doi.org/10.3389/fimmu.2020.02130 PMID: 33013898
Xie, J.; Ye, F.; Deng, X.; Tang, Y.; Liang, J.Y.; Huang, X.; Sun,[9]
Y.; Tang, H.; Lei, J.; Zheng, S.; Zou, Y. Circular RNA: A promis-
ing  new  star  of  vaccine.  J.  Transl.  Int.  Med.,  2023,  11(4),
372-381.
http://dx.doi.org/10.2478/jtim-2023-0122 PMID: 38130633
Chen, R.; Wang, T.; Song, J.; Pu, D.; He, D.; Li, J.; Yang, J.; Li,[10]
K.; Zhong, C.; Zhang, J.  Antiviral drug delivery system for en-
hanced bioactivity, better metabolism and pharmacokinetic charac-
teristics. Int. J. Nanomedicine, 2021, 16, 4959-4984.
http://dx.doi.org/10.2147/IJN.S315705 PMID: 34326637
Shafer, R.W.; Vuitton, D.A. Highly active antiretroviral therapy[11]
(Haart) for the treatment of infection with human immunodeficien-
cy virus type 1. Biomed. Pharmacother., 1999, 53(2), 73-86.
http://dx.doi.org/10.1016/S0753-3322(99)80063-8  PMID:
10337461
Lembo, D.; Donalisio, M.; Civra, A.; Argenziano, M.; Cavalli, R.[12]
Nanomedicine formulations for the delivery of antiviral drugs: A
promising  solution  for  the  treatment  of  viral  infections.  Expert
Opin. Drug Deliv., 2018, 15(1), 93-114.
http://dx.doi.org/10.1080/17425247.2017.1360863  PMID:
28749739
Dash, S.R.; Kundu, C.N. Advances in nanomedicine for the treat-[13]
ment  of  infectious  diseases  caused  by  viruses.  Biomater.  Sci.,
2023, 11(10), 3431-3449.
http://dx.doi.org/10.1039/D2BM02066A PMID: 36974930
Khalilov, R. A comprehensive review of advanced nano-biomate-[14]
rials in regenerative medicine and drug delivery. Adv. Biol. Earth
Sci, 2023, 8(1), 5-18.
Yang,  W.;  Ma,  Y.;  Xu,  H.;  Zhu,  Z.;  Wu,  J.;  Xu,  C.;  Sun,  W.;[15]
Zhao, E.; Wang, M.; Reis, R.L.; Kundu, S.C.; Shi, X.; Xiao, B.
Mulberry biomass-derived nanomedicines mitigate colitis through
improved inflamed mucosa accumulation and intestinal microenvi-
ronment modulation. Research, 2023, 6, 0188.

Asl, F.D.; Mousazadeh, M.; Taji, S.; Bahmani, A.; Khashayar, P.;[16]
Azimzadeh, M.; Mostafavi, E. Nano drug-delivery systems for ma-
nagement of AIDS: Liposomes, dendrimers, gold and silver nano-
particles. Nanomedicine, 2023, 18(3), 279-302.
http://dx.doi.org/10.2217/nnm-2022-0248 PMID: 37125616
Peer,  D.;  Karp,  J.M.;  Hong,  S.;  Farokhzad,  O.C.;  Margalit,  R.;[17]
Langer, R. Nanocarriers as an emerging platform for cancer thera-
py. Nat. Nanotechnol., 2007, 2(12), 751-760.
http://dx.doi.org/10.1038/nnano.2007.387 PMID: 18654426
Wande,  D.P.;  Trevaskis,  N.;  Farooq,  M.A.;  Jabeen,  A.;  Nayak,[18]
A.K.  Theranostic  nanostructures  as  nanomedicines:  Benefits,
costs, and future challenges.Design and Applications of Theranos-
tic Nanomedicines, Woodhead Publishing Series in Biomaterials;
Ray, S.; Nayak, A.K., Eds.; Elsevier Inc.: United States, 2023, pp.
3-24.
http://dx.doi.org/10.1016/B978-0-323-89953-6.00008-8
Bangham, A.D.; Horne, R.W. Negative staining of phospholipids[19]
and their structural modification by surface-active agents as ob-
served in the electron microscope. J. Mol. Biol., 1964, 8(5), 660-
IN10.
http://dx.doi.org/10.1016/S0022-2836(64)80115-7  PMID:
14187392
Babu, S.S.; Praveen, V.K.; Ajayaghosh, A. Functional π-gelators[20]
and their applications. Chem. Rev., 2014, 114(4), 1973-2129.
http://dx.doi.org/10.1021/cr400195e PMID: 24400783
Nayak, A.K.; Hasnain, M.S.; Aminabhavi, T.M.; Torchilin, V.P.[21]
Nanovesicular systems in drug delivery. Systems of Nanovesicular
Drug Delivery; Nayak, A.K.; Hasnain, M.S.; Aminabhavi, T.M.;
Torchilin,  V.P.,  Eds.;  Academic  Press,  Elsevier  Inc.:  United
States,  2022,  pp.  1-15.
http://dx.doi.org/10.1016/B978-0-323-91864-0.00026-7
Abbaszadeh-Goudarzi,  K.;  Nematollahi,  M.H.;  Khanbabaei,  H.;[22]
Nave, H.H.; Mirzaei, H.R.; Pourghadamyari, H.; Sahebkar, A. Tar-
geted delivery of CRISPR/Cas13 as a promising therapeutic ap-
proach  to  treat  SARS-CoV-2.  Curr.  Pharm.  Biotechnol.,  2021,
22(9), 1149-1155.
http://dx.doi.org/10.2174/18734316MTEwtNTgrw  PMID:
33038909
Poustforoosh, A.; Nematollahi, M.H.; Hashemipour, H.; Pardakh-[23]
ty, A. Recent advances in bio-conjugated nanocarriers for crossing
the blood-brain barrier in (pre-)clinical studies with an emphasis
on vesicles. J. Control. Release, 2022, 343, 777-797.
http://dx.doi.org/10.1016/j.jconrel.2022.02.015 PMID: 35183653
Rajizadeh, M.A.; Motamedy, S.; Mir, Y.; Akhgarandouz, F.; Ne-[24]
matollahi, M.H.; Nezhadi, A. A comprehensive and updated re-
view  on  the  applications  of  vesicular  drug  delivery  systems  in
treatment of brain disorders: A shelter against storms. J. Drug De-
liv. Sci. Technol., 2023, 89, 105011.
http://dx.doi.org/10.1016/j.jddst.2023.105011
Behera, A.; Padhi, S.; Nayak, A.K. Engineered liposomes as drug[25]
delivery  and imaging agents.  Design and Applications  of  Ther-
anostic Nanomedicines, Woodhead Publishing Series in Biomate-
rials. ; Ray, S.; Nayak, A.K., Eds.; Elsevier Inc.: United States,
2023, pp. 75-108.
http://dx.doi.org/10.1016/B978-0-323-89953-6.00010-6
Alavi, M.; Karimi, N.; Safaei, M. Application of various types of[26]
liposomes  in  drug  delivery  systems.  Adv.  Pharm.  Bull.,  2017,
7(1), 3-9.
http://dx.doi.org/10.15171/apb.2017.002 PMID: 28507932
Witika, B.A.; Bassey, K.E.; Demana, P.H.; Siwe-Noundou, X.; Po-[27]
ka, M.S. Current advances in specialised niosomal drug delivery:
Manufacture, characterization and drug delivery applications. Int.
J. Mol. Sci., 2022, 23(17), 9668.
http://dx.doi.org/10.3390/ijms23179668 PMID: 36077066
Dey, S.; Hasnain, M.S.; Jha, S.K.; Sahoo, N.; Nayak, A.K. Trans-[28]
ferosomes: A novel nanotechnological approach for transdermal
drug delivery. Advanced and Modern Approaches for Drug Deliv-
ery. ; Nayak, A.K.; Hasnain, M.S.; Laha, B.; Maiti, S., Eds.; Aca-
demic Press, Elsevier Inc.: United States, 2023, pp. 199-221.
http://dx.doi.org/10.1016/B978-0-323-91668-4.00017-4
Jafari,  A.;  Daneshamouz,  S.;  Ghasemiyeh,  P.;  Mohammadi-Sa-[29]
mani, S. Ethosomes as dermal/transdermal drug delivery systems:
Applications, preparation and characterization. J. Liposome Res.,



Nanovesicles as Potential Carriers for Delivery of Antiviral Drugs Current Drug Delivery, 2025, Vol. 22, No. 6   757

2023, 33(1), 34-52.
http://dx.doi.org/10.1080/08982104.2022.2085742  PMID:
35695714
Abu-Huwaij, R.; Zidan, A.N. Unlocking the potential of cosmetic[30]
dermal delivery with ethosomes: A comprehensive review. J. Cos-
met. Dermatol., 2024, 23(1), 17-26.
http://dx.doi.org/10.1111/jocd.15895 PMID: 37393573
Limongi, T.; Susa, F.; Marini, M.; Allione, M.; Torre, B.; Pisano,[31]
R.; di Fabrizio, E. Lipid-Based nanovesicular drug delivery sys-
tems. Nanomaterials, 2021, 11(12), 3391.
http://dx.doi.org/10.3390/nano11123391 PMID: 34947740
Fonseca, F.N.; Haach, V.; Bellaver, F.V.; Bombassaro, G.; Gava,[32]
D.; da Silva, L.P.; Baron, L.F.; Simonelly, M.; Carvalho, W.A.;
Schaefer, R.; Bastos, A.P. Immunological profile of mice immu-
nized with a polyvalent virosome-based influenza vaccine. Virol.
J., 2023, 20(1), 187.
http://dx.doi.org/10.1186/s12985-023-02158-0 PMID: 37605141
Asadikaram, G.; Poustforoosh, A.; Pardakhty, A.; Torkzadeh-Ma-[33]
hani, M.; Nematollahi, M.H. Niosomal virosome derived by vesic-
ular stomatitis virus glycoprotein as a new gene carrier. Biochem.
Biophys. Res. Commun., 2021, 534, 980-987.
http://dx.doi.org/10.1016/j.bbrc.2020.10.054 PMID: 33131770
Gaspar,  M.M.;  Boerman,  O.C.;  Laverman,  P.;  Corvo,  M.L.;[34]
Storm, G.; Cruz, M.E.M. Enzymosomes with surface-exposed su-
peroxide dismutase: In vivo behaviour and therapeutic activity in a
model  of  adjuvant  arthritis.  J.  Control.  Release,  2007,  117(2),
186-195.
http://dx.doi.org/10.1016/j.jconrel.2006.10.018 PMID: 17169460
Hashem, S.M.; Gad, M.K.; Anwar, H.M.; Saleh, N.M.; Shamma,[35]
R.N.;  Elsherif,  N.I.  Itraconazole-loaded  ufasomes:  Evaluation,
characterization,  and  anti-fungal  activity  against  Candida  albi-
cans. Pharmaceutics, 2022, 15(1), 26.
http://dx.doi.org/10.3390/pharmaceutics15010026  PMID:
36678655
Banerjee, S.; Nayak, A.K.; Sen, K.K. Aquasomes: A nanoparticu-[36]
late approach for therapeutic applications. Systems of Nanovesicu-
lar  Drug Delivery.  ;  Nayak,  A.K.;  Hasnain,  M.S.;  Aminabhavi,
T.M.; Torchilin, V.P., Eds.; Academic Press, Elsevier Inc.: United
States, 2022, pp. 207-219.
http://dx.doi.org/10.1016/B978-0-323-91864-0.00025-5
Sharma, G.; Mahajan, A.; Thakur, K.; Kaur, G.; Goni, V.G.; Ku-[37]
mar, M.V.; Barnwal, R.P.; Singh, G.; Singh, B.; Katare, O.P. Ex-
ploring the therapeutic potential of sodium deoxycholate tailored
deformable-emulsomes of etodolac for effective management of
arthritis. Sci. Rep., 2023, 13(1), 21681.
http://dx.doi.org/10.1038/s41598-023-46119-7 PMID: 38066008
Singhvi, G.; Banerjee, S.; Rapalli, V.K.; Dubey, S.K.; Khan, S.;[38]
Jha, P.N.; Gupta, G.; Dua, K.; Hasnain, M.S.; Nayak, A.K. Qb-
D-based formulation and optimization of topical hydrogel contain-
ing  ketoconazole  loaded  cubosomes.  Mater.  Sci.  Eng.  C,  2021,
119, 111548.
http://dx.doi.org/10.1016/j.msec.2020.111548
Lopez, C.; Mériadec, C.; David-Briand, E.; Dupont, A.; Bizien,[39]
T.; Artzner, F.; Riaublanc, A.; Anton, M. Loading of lutein in eg-
g-sphingomyelin vesicles as lipid carriers: Thermotropic phase be-
haviour, structure of sphingosome membranes and lutein crystals.
Food Res. Int., 2020, 138(Pt A), 109770.
http://dx.doi.org/10.1016/j.foodres.2020.109770 PMID: 33292950
Jia, J.;  Liu, R.K.; Sun, Q.; Wang, J.X. Efficient construction of[40]
pH-stimuli-responsive colloidosomes with high encapsulation effi-
ciency. Langmuir, 2023, 39(49), 17808-17817.
http://dx.doi.org/10.1021/acs.langmuir.3c02415 PMID: 38015806
Patil, M.; Hussain, A.; Altamimi, M.A.; Ashique, S.; Haider, N.;[41]
Faruk, A.; Khuroo, T.; Sherikar, A.; Siddique, M.U.M.; Ansari,
A.; Barbhuiya, T.K. An insight of various vesicular systems, ery-
throsomes, and exosomes to control metastasis and cancer.D Adv.
Cancer Biol.Metastasis., 2023, 7, 100103.
Abdelkader,  H.;  Wu,  Z.;  Al-Kassas,  R.;  Alany,  R.G.  Niosomes[42]
and  discomes  for  ocular  delivery  of  naltrexone  hydrochloride:
Morphological, rheological, spreading properties and photo-protec-
tive effects. Int. J. Pharm., 2012, 433(1-2), 142-148.
http://dx.doi.org/10.1016/j.ijpharm.2012.05.011 PMID: 22595640
Bozzuto, G.; Molinari, A. Liposomes as nanomedical devices. Int.[43]

J. Nanomedicine, 2015, 10, 975-999.
http://dx.doi.org/10.2147/IJN.S68861 PMID: 25678787
Das, B.; Nayak, A.K.; Mallick, S. Thyme oil-containing flucona-[44]
zole-loaded transferosomal bigel for transdermal delivery. AAPS
PharmSciTech, 2023, 24(8), 240.
http://dx.doi.org/10.1208/s12249-023-02698-2 PMID: 37989918
Cevc,  G.;  Schätzlein,  A.;  Richardsen,  H.  Ultradeformable  lipid[45]
vesicles can penetrate the skin and other semi-permeable barriers
unfragmented.  Evidence  from  double  label  CLSM  experiments
and direct size measurements. Biochim. Biophys. Acta Biomembr.,
2002, 1564(1), 21-30.
http://dx.doi.org/10.1016/S0005-2736(02)00401-7  PMID:
12100992
Kim, A.;  Lee,  E.H.;  Choi,  S.H.;  Kim, C.K. In vitro  and in  vivo[46]
transfection efficiency of a novel ultradeformable cationic lipo-
some. Biomaterials, 2004, 25(2), 305-313.
http://dx.doi.org/10.1016/S0142-9612(03)00534-9  PMID:
14585718
Cevc, G.; Gebauer, D. Hydration-driven transport of deformable[47]
lipid vesicles through fine pores and the skin barrier. Biophys. J.,
2003, 84(2), 1010-1024.
http://dx.doi.org/10.1016/S0006-3495(03)74917-0  PMID:
12547782
Upadhyay, N.; Mandal, S.; Bhatia, L.; Shailesh, S.; Chauhan, P. A[48]
review on  ethosomes:  An  emerging  approach  for  drug  delivery
through the skin. Recent Res. Sci. Technol., 2011, 3, 19-24.
Chacko, I.A.; Ghate, V.M.; Dsouza, L.; Lewis, S.A. Lipid vesi-[49]
cles: A versatile drug delivery platform for dermal and transder-
mal  applications.  Colloids  Surf.  B  Biointerfaces,  2020,  195,
111262.
http://dx.doi.org/10.1016/j.colsurfb.2020.111262  PMID:
32736123
Zhang, H. Thin-film hydration followed by extrusion method for li-[50]
posome preparation. Liposomes; Springer, 2017, pp. 17-22.
http://dx.doi.org/10.1007/978-1-4939-6591-5_2
Laouini, A.; Jaafar-Maalej, C.; Limayem-Blouza, I.; Sfar, S.; Char-[51]
cosset, C.; Fessi, H. Preparation, characterization and applications
of liposomes: state of the art. J. Coll. Sci. Biotechnol., 2012, 1(2),
147-168.
http://dx.doi.org/10.1166/jcsb.2012.1020
Verma, P.; Pathak, K. Nanosized ethanolic vesicles loaded with[52]
econazole  nitrate  for  the  treatment  of  deep  fungal  infections
through  topical  gel  formulation.  Nanomedicine,  2012,  8(4),
489-496.
http://dx.doi.org/10.1016/j.nano.2011.07.004 PMID: 21839053
Deamer, D.W. Preparation and properties of ether-injection lipo-[53]
somes. Ann. N. Y. Acad. Sci., 1978, 308(1), 250-258.
http://dx.doi.org/10.1111/j.1749-6632.1978.tb22027.x  PMID:
279292
Jahanfar,  S.;  Gahavami,  M.;  Khosravi-Darani,  K.;  Jahadi,  M.;[54]
Mozafari, M.R. Entrapment of rosemary extract by liposomes for-
mulated by Mozafari  method: Physicochemical characterization
and optimization. Heliyon, 2021, 7(12), e08632.
http://dx.doi.org/10.1016/j.heliyon.2021.e08632 PMID: 35005281
Durak, S.; Esmaeili Rad, M.; Alp Yetisgin, A.; Eda Sutova, H.;[55]
Kutlu, O.; Cetinel, S.; Zarrabi, A. Niosomal drug delivery systems
for ocular disease-recent advances and future prospects. Nanoma-
terials, 2020, 10(6), 1191.
http://dx.doi.org/10.3390/nano10061191 PMID: 32570885
Grimaldi, N.; Andrade, F.; Segovia, N.; Ferrer-Tasies, L.; Sala, S.;[56]
Veciana,  J.;  Ventosa,  N.  Lipid-based  nanovesicles  for
nanomedicine.  Chem.  Soc.  Rev.,  2016,  45(23),  6520-6545.
http://dx.doi.org/10.1039/C6CS00409A PMID: 27722570
Lembo, D.; Cavalli, R. Nanoparticulate delivery systems for antivi-[57]
ral drugs. Antivir. Chem. Chemother., 2010, 21(2), 53-70.
http://dx.doi.org/10.3851/IMP1684 PMID: 21107015
Li, S.D.; Huang, L. Pharmacokinetics and biodistribution of nano-[58]
particles. Mol. Pharm., 2008, 5(4), 496-504.
http://dx.doi.org/10.1021/mp800049w PMID: 18611037
Sharma, P.; Garg, S. Pure drug and polymer based nanotechnolo-[59]
gies for the improved solubility, stability, bioavailability and tar-
geting of anti-HIV drugs. Adv. Drug Deliv. Rev., 2010, 62(4-5),
491-502.



758   Current Drug Delivery, 2025, Vol. 22, No. 6 Bindhani and Nayak

http://dx.doi.org/10.1016/j.addr.2009.11.019 PMID: 19931328
Kumar, L.; Verma, S.; Prasad, D.N.; Bhardwaj, A.; Vaidya, B.;[60]
Jain, A.K. Nanotechnology: A magic bullet for HIV AIDS treat-
ment. Artif. Cells Nanomed. Biotechnol., 2015, 43(2), 71-86.
http://dx.doi.org/10.3109/21691401.2014.883400  PMID:
24564348
Bhattacharjee,  A.;  Das,  P.J.;  Dey,  S.;  Nayak,  A.K.;  Roy,  P.K.;[61]
Chakrabarti, S.; Marbaniang, D.; Das, S.K.; Ray, S.; Chattopad-
hyay, P.; Mazumder, B. Development and optimization of besi-
floxacin hydrochloride loaded liposomal gel prepared by thin film
hydration method using 32 full factorial design. Colloids Surf. A
Physicochem. Eng. Asp., 2020, 585, 124071.
http://dx.doi.org/10.1016/j.colsurfa.2019.124071
Gao, W.; Hu, C.M.J.; Fang, R.H.; Zhang, L. Liposome-like nanos-[62]
tructures for drug delivery. J. Mater. Chem. B Mater. Biol. Med.,
2013, 1(48), 6569-6585.
http://dx.doi.org/10.1039/c3tb21238f PMID: 24392221
Akbarzadeh,  A.;  Rezaei-Sadabady,  R.;  Davaran,  S.;  Joo,  S.W.;[63]
Zarghami,  N.;  Hanifehpour,  Y.;  Samiei,  M.;  Kouhi,  M.;  Ne-
jati-Koshki, K. Liposome: Classification, preparation, and applica-
tions. Nanoscale Res. Lett., 2013, 8(1), 102.
http://dx.doi.org/10.1186/1556-276X-8-102 PMID: 23432972
Panahi, Y.; Farshbaf, M.; Mohammadhosseini, M.; Mirahadi, M.;[64]
Khalilov, R.; Saghfi, S.; Akbarzadeh, A. Recent advances on lipo-
somal nanoparticles:  Synthesis,  characterization and biomedical
applications.  Artif.  Cells  Nanomed.  Biotechnol.,  2017,  45(4),
788-799.
http://dx.doi.org/10.1080/21691401.2017.1282496  PMID:
28278586
Shen, Y.; Tu, J. Preparation and ocular pharmacokinetics of ganci-[65]
clovir liposomes. AAPS J., 2007, 9(3), E371-E377.
http://dx.doi.org/10.1208/aapsj0903044 PMID: 18170984
Korvasová, Z.; Drašar, L.; Mašek, J.; Knotigová, P.T.; Kulich, P.;[66]
Matiašovic, J.; Kovařčík, K.; Bartheldyová, E.; Koudelka, Š.; Škra-
balová, M.; Miller, A.D.; Holý, A.; Ledvina, M.; Turánek, J. An-
tiviral effect of HPMPC (Cidofovir®), entrapped in cationic lipo-
somes: In vitro study on MDBK cell and BHV-1 virus. J. Control.
Release, 2012, 160(2), 330-338.
http://dx.doi.org/10.1016/j.jconrel.2012.01.040 PMID: 22326403
Law, S.L.; Huang, K.J.; Chiang, C.H. Acyclovir-containing lipo-[67]
somes  for  potential  ocular  delivery.  J.  Control.  Release,  2000,
63(1-2), 135-140.
http://dx.doi.org/10.1016/S0168-3659(99)00192-3  PMID:
10640587
Naderkhani,  E.;  Erber,  A.;  Škalko-Basnet,  N.;  Flaten,  G.E.  Im-[68]
proved permeability of acyclovir: Optimization of mucoadhesive
liposomes using the phospholipid vesicle-based permeation assay.
J. Pharm. Sci., 2014, 103(2), 661-668.
http://dx.doi.org/10.1002/jps.23845 PMID: 24395733
Ramana, L.N.; Sharma, S.; Sethuraman, S.; Ranga, U.; Krishnan,[69]
U.M.  Investigation  on  the  stability  of  saquinavir  loaded  lipo-
somes: Implication on stealth, release characteristics and cytotoxic-
ity. Int. J. Pharm., 2012, 431(1-2), 120-129.
http://dx.doi.org/10.1016/j.ijpharm.2012.04.054 PMID: 22569226
Asasutjarit,  R.;  Managit,  C.;  Phanaksri,  T.;  Treesuppharat,  W.;[70]
Fuongfuchat, A. Formulation development and in vitro evaluation
of transferrin-conjugated liposomes as a carrier of ganciclovir tar-
geting the retina. Int. J. Pharm., 2020, 577, 119084.
http://dx.doi.org/10.1016/j.ijpharm.2020.119084  PMID:
31988033
Ramana, L.N.; Sharma, S.; Sethuraman, S.; Ranga, U.; Krishnan,[71]
U.M. Stealth anti-CD4 conjugated immunoliposomes with dual an-
tiretroviral drugs : Modern Trojan horses to combat HIV. Eur. J.
Pharm. Biopharm., 2015, 89, 300-311.
http://dx.doi.org/10.1016/j.ejpb.2014.11.021 PMID: 25500283
Milkova, V.; Vilhelmova-Ilieva, N.; Gyurova, A.; Kamburova, K.;[72]
Dimitrov, I.; Tsvetanova, E.; Georgieva, A.; Mileva, M. Remde-
sivir-loaded nanoliposomes stabilized by chitosan/hyaluronic acid
film with a potential application in the treatment of coronavirus in-
fection. Neurol. Int., 2023, 15(4), 1320-1338.
http://dx.doi.org/10.3390/neurolint15040083 PMID: 37987456
Godbole,  M.D.;  Sabale,  P.M.;  Mathur,  V.B.  Development  of[73]
lamivudine liposomes by three-level factorial design approach for

optimum entrapment and enhancing tissue targeting. J. Microen-
capsul., 2020, 37(6), 431-444.
http://dx.doi.org/10.1080/02652048.2020.1778806  PMID:
32543317
Maniyar,  M.;  Chandak,  A.;  Kokare,  C.  Lopinavir  loaded  spray[74]
dried liposomes with penetration enhancers for cytotoxic activity.
Infect. Disord. Drug Targets, 2020, 20(5), 724-736.
http://dx.doi.org/10.2174/1871526519666191008112207  PMID:
31593534
Yao, D.; Liu, D.; Luo, R.; He, S.; Bai, L.; Yang, Y.; Ma, J.; He,[75]
X.; Hu, M.; Luo, H.; Chen, B.; Liu, F.; Ye, T.; Song, X.; Zhang,
Z.; Xie, Y. A Tenofovir-loaded glycyrrhetinic acid-modified ca-
tionic  liposome  for  targeted  therapy  of  Hepatitis  B  virus.  J.
Biomed.  Nanotechnol.,  2020,  16(10),  1504-1517.
http://dx.doi.org/10.1166/jbn.2020.2986 PMID: 33422162
Nayak, D.; Boxi, A.; Ashe, S.; Thathapudi, N.C.; Nayak, B. Stavu-[76]
dine loaded gelatin liposomes for HIV therapy: Preparation, char-
acterization and in vitro cytotoxic evaluation. Mater. Sci. Eng. C,
2017, 73, 406-416.
http://dx.doi.org/10.1016/j.msec.2016.12.073 PMID: 28183626
Figueira, T.N.; Domingues, M.M.; Illien, F.; Cadima-Couto, I.; To-[77]
dorovski,  T.;  Andreu, D.; Sagan, S.;  Castanho, M.A.R.B.; Wal-
rant, A.; Veiga, A.S. Enfuvirtide-protoporphyrin IX dual-loaded li-
posomes: In vitro  evidence of synergy against HIV-1 entry into
cells. ACS Infect. Dis., 2020, 6(2), 224-236.
http://dx.doi.org/10.1021/acsinfecdis.9b00285 PMID: 31855415
Kenchappa, V.; Cao, R.; Venketaraman, V.; Betageri, G.V. Lipo-[78]
somes as carriers for the delivery of efavirenz in combination with
glutathione-an approach to combat opportunistic infections. Appl.
Sci., 2022, 12(3), 1468.
http://dx.doi.org/10.3390/app12031468 PMID: 35663347
Faria, M.J.; Machado, R.; Ribeiro, A.; Gonçalves, H.; Real Olivei-[79]
ra, M.E.C.D.; Viseu, T.; das Neves, J.; Lúcio, M. Rational develop-
ment of liposomal hydrogels:  A strategy for topical vaginal an-
tiretroviral drug delivery in the context of HIV prevention. Phar-
maceutics, 2019, 11(9), 485.
http://dx.doi.org/10.3390/pharmaceutics11090485  PMID:
31540519
Patel, G.M.; Shelat, P.K.; Lalwani, A.N. QbD based development[80]
of proliposome of lopinavir for improved oral bioavailability. Eur.
J. Pharm. Sci., 2017, 108, 50-61.
http://dx.doi.org/10.1016/j.ejps.2016.08.057 PMID: 27586019
Ahammed, V.; Narayan, R.; Paul, J.; Nayak, Y.; Roy, B.; Shavi,[81]
G.V.; Nayak, U.Y. Development and in vivo evaluation of functio-
nalized ritonavir proliposomes for lymphatic targeting. Life Sci.,
2017, 183, 11-20.
http://dx.doi.org/10.1016/j.lfs.2017.06.022 PMID: 28647214
Bhusari, S.; Ansari, I.; Chaudhary, A. Development of Darunavir[82]
proliposome powder for oral delivery by using Box–Bhenken de-
sign. Drug Dev. Ind. Pharm., 2020, 46(5), 732-743.
http://dx.doi.org/10.1080/03639045.2020.1752709  PMID:
32290722
Spinks, C.; Zidan, A.; Khan, M.; Habib, M.; Faustino, P. Pharma-[83]
ceutical  characterization  of  novel  tenofovir  liposomal  formula-
tions for enhanced oral drug delivery: In vitro pharmaceutics and
Caco-2  permeability  investigations.  Clin.  Pharmacol.,  2017,  9,
29-38.
http://dx.doi.org/10.2147/CPAA.S119875 PMID: 28260952
Vartak, R.; Patil, S.M.; Saraswat, A.; Patki, M.; Kunda, N.K.; Pa-[84]
tel, K. Aerosolized nanoliposomal carrier of remdesivir: An effec-
tive alternative for COVID-19 treatment in vitro. Nanomedicine,
2021, 16(14), 1187-1202.
http://dx.doi.org/10.2217/nnm-2020-0475 PMID: 33982600
Li,  J.;  Zhang,  K.;  Wu,  D.;  Ren,  L.;  Chu,  X.;  Qin,  C.;  Han,  X.;[85]
Hang, T.; Xu, Y.; Yang, L.; Yin, L. Liposomal remdesivir inhala-
tion solution for targeted lung delivery as a novel therapeutic ap-
proach  for  COVID-19.  Asian.J.  Pharmac.  Sci.,  2021,  16(6),
772-783.
http://dx.doi.org/10.1016/j.ajps.2021.09.002 PMID: 34703490
Kheoane, P.S.; Enslin, G.M.A.; Tarirai, C. Formulation and char-[86]
acterization  of  liposomes  containing  drug  absorption  enhancers
for optimized anti-HIV and antimalarial drug delivery. Drug De-
liv. Transl. Res., 2023, 13(5), 1358-1371.



Nanovesicles as Potential Carriers for Delivery of Antiviral Drugs Current Drug Delivery, 2025, Vol. 22, No. 6   759

http://dx.doi.org/10.1007/s13346-022-01264-w PMID: 36443635
Alsarra,  I.A.;  Hamed,  A.Y.;  Alanazi,  F.K.  Acyclovir  liposomes[87]
for intranasal systemic delivery: Development and pharmacokinet-
ics evaluation. Drug Deliv., 2008, 15(5), 313-321.
http://dx.doi.org/10.1080/10717540802035251 PMID: 18763162
Yeo, P.L.; Lim, C.L.; Chye, S.M.; Kiong Ling, A.P.; Koh, R.Y.[88]
Niosomes: A review of their structure, properties, methods of pre-
paration, and medical applications. Asian Biomed., 2018,  11(4),
301-314.
http://dx.doi.org/10.1515/abm-2018-0002
Devaraj,  G.N.;  Parakh,  S.R.;  Devraj,  R.;  Apte,  S.S.;  Rao,  B.R.;[89]
Rambhau, D. Release studies on niosomes containing fatty alco-
hols as bilayer stabilizers instead of cholesterol. J. Colloid Inter-
face Sci., 2002, 251(2), 360-365.
http://dx.doi.org/10.1006/jcis.2002.8399 PMID: 16290741
Ruckmani,  K.;  Sankar,  V.  Formulation  and  optimization  of  Zi-[90]
dovudine  niosomes.  AAPS  PharmSciTech,  2010,  11(3),
1119-1127.
http://dx.doi.org/10.1208/s12249-010-9480-2 PMID: 20635228
Jacob, S.; Nair, A.B.; Al-Dhubiab, B.E. Preparation and evalua-[91]
tion of niosome gel containing acyclovir for enhanced dermal de-
position. J. Liposome Res., 2017, 27(4), 283-292.
http://dx.doi.org/10.1080/08982104.2016.1224897  PMID:
27558522
Akhter, S.; Talegaonkar, S.; Khan, Z.; Jain, G.; Khar, R.; Ahmad,[92]
F.  Assessment of  ocular  pharmacokinetics and safety of Ganci-
clovir loaded nanoformulations. J. Biomed. Nanotechnol., 2011,
7(1), 144-145.
http://dx.doi.org/10.1166/jbn.2011.1241 PMID: 21485843
Mehta, S.K.; Jindal, N. Tyloxapol niosomes as prospective drug[93]
delivery module for antiretroviral drug nevirapine. AAPS Pharm.S-
ci.Tech., 2015, 16(1), 67-75.
http://dx.doi.org/10.1208/s12249-014-0183-y PMID: 25182386
Zidan, A.S.; Rahman, Z.; Khan, M.A. Product and process unders-[94]
tanding of a novel pediatric anti-HIV tenofovir niosomes with a
high-pressure  homogenizer.  Eur.  J.  Pharm.  Sci.,  2011,  44(1-2),
93-102.
http://dx.doi.org/10.1016/j.ejps.2011.06.012 PMID: 21726640
Patel, K.K.; Kumar, P.; Thakkar, H.P. Formulation of niosomal[95]
gel for enhanced transdermal lopinavir delivery and its compara-
tive evaluation with ethosomal gel. AAPS Pharm.Sci.Tech., 2012,
13(4), 1502-1510.
http://dx.doi.org/10.1208/s12249-012-9871-7 PMID: 23104306
Hashim, F.; El-Ridy, M.; Nasr, M.; Abdallah, Y. Preparation and[96]
characterization of niosomes containing ribavirin for liver target-
ing. Drug Deliv., 2010, 17(5), 282-287.
http://dx.doi.org/10.3109/10717541003706257 PMID: 20350052
Fayed, N.D.; Essa, E.A.; El Maghraby, G.M. Menthol augmented[97]
niosomes for enhanced intestinal absorption of lopinavir. Pharm.
Dev. Technol., 2022, 27(9), 956-964.
http://dx.doi.org/10.1080/10837450.2022.2136195  PMID:
36227222
Monavari, S.H.; Mirzaei Parsa, M.J.; Bolouri, B.; Ebrahimi, S.A.;[98]
Ataei-Pirkooh, A. The inhibitory effect of Acyclovir loaded nano-
niosomes against herpes simplex virus type-1 in cell culture. Med.
J. Islam. Repub. Iran, 2014, 28, 99.
PMID: 25664300
Zidan,  A.S.;  Habib,  M.J.  Maximized  mucoadhesion  and  skin[99]
permeation  of  anti-AIDS-loaded  niosomal  gels.  J.  Pharm.  Sci.,
2014, 103(3), 952-964.
http://dx.doi.org/10.1002/jps.23867 PMID: 24464823
Kamboj, S.; Saini, V.; Bala, S. Formulation and characterization[100]
of  drug  loaded  nonionic  surfactant  vesicles  (niosomes)  for  oral
bioavailability enhancement. Scient.World.J., 2014, 2014, 1-8.
http://dx.doi.org/10.1155/2014/959741 PMID: 24672401
Akhter,  S.;  Kushwaha,  S.;  Warsi,  M.H.;  Anwar,  M.;  Ahmad,[101]
M.Z.; Ahmad, I.; Talegaonkar, S.; Khan, Z.I.; Khar, R.K.; Ahmad,
F.J. Development and evaluation of nanosized niosomal disper-
sion  for  oral  delivery  of  ganciclovir.  Drug  Dev.  Ind.  Pharm.,
2012, 38(1), 84-92.
http://dx.doi.org/10.3109/03639045.2011.592529  PMID:
21726136
Malik,  T.;  Chauhan,  G.;  Rath,  G.;  Kesarkar,  R.N.;  Chowdhary,[102]

A.S.; Goyal, A.K. Efaverinz and nano-gold-loaded mannosylated
niosomes: A host cell-targeted topical HIV-1 prophylaxis via ther-
mogel system. Artif Cells Nanomed Biotechnol, 2018, 46(sup1),
79-90.
http://dx.doi.org/10.1080/21691401.2017.1414054
Witika, B.A.; Walker, R.B. Development, manufacture and charac-[103]
terization of niosomes for the delivery for nevirapine. Pharmazie,
2019, 74(2), 91-96.
PMID: 30782257
Witika, B.A.; Walker, R.B. Preformulation characterization and[104]
identification of excipients for nevirapine loaded niosomes. Phar-
mazie, 2021, 76(2), 77-83.
PMID: 33714283
Pilch, E.; Musiał, W. Liposomes with an ethanol fraction as an ap-[105]
plication for drug delivery. Int. J. Mol. Sci., 2018, 19(12), 3806.
http://dx.doi.org/10.3390/ijms19123806 PMID: 30501085
Jain,  S.K.;  Umamaheshwari,  R.B.;  Bhadra,  D.;  Jain,  N.  Etho-[106]
somes: A novel vesicular carrier for enhanced transdermal deliv-
ery of an Anti HIV agent. Indian J. Pharm. Sci., 2004, 66, 72-81.
Dubey, V.; Mishra, D.; Nahar, M.; Jain, V.; Jain, N.K. Enhanced[107]
transdermal  delivery  of  an  anti-HIV  agent  via  ethanolic  lipo-
somes. Nanomedicine, 2010, 6(4), 590-596.
http://dx.doi.org/10.1016/j.nano.2010.01.002 PMID: 20093197
Zhou, Y.; Wei, Y.H.; Zhang, G.Q.; Wu, X.A. Synergistic penetra-[108]
tion of ethosomes and lipophilic prodrug on the transdermal deliv-
ery of acyclovir. Arch. Pharm. Res., 2010, 33(4), 567-574.
http://dx.doi.org/10.1007/s12272-010-0411-2 PMID: 20422366
Jain, S.; Tiwary, A.K.; Sapra, B.; Jain, N.K. Formulation and eval-[109]
uation of ethosomes for transdermal delivery of lamivudine. AAPS
PharmSciTech, 2007, 8(4), 249.
http://dx.doi.org/10.1208/pt0804111 PMID: 18181532
Sicurella, M.; Pula, W.; Musiał, K.; Cieślik-Boczula, K.; Sguizza-[110]
to, M.; Bondi, A.; Drechsler, M.; Montesi, L.; Esposito, E.; Mar-
coni, P. Ethosomal gel for topical administration of dimethyl fu-
marate  in  the  treatment  of  HSV-1  infections.  Int.  J.  Mol.  Sci.,
2023, 24(4), 4133.
http://dx.doi.org/10.3390/ijms24044133 PMID: 36835541
Gupta, R.K.; Bhardwaj, D.; Gupta, S.K.; Jain, A. Formulation and[111]
evaluation of transdermal patch from lamivudine and stavudine-
loaded  ethosomes.  J.  Emerg.  Technol.  Innov.  Res.,  2019,  6,
373-401.
Cortesi, R.; Ravani, L.; Zaid, A.N.; Menegatti, E.; Romagnoli, R.;[112]
Drechsler,  M.;  Esposito,  E.  Ethosomes  for  the  delivery  of  an-
ti-HSV-1 molecules: preparation, characterization and in vitro ac-
tivity. Pharmazie, 2010, 65(10), 743-749.
PMID: 21105576
Sudhakar, K.; Mishra, V.; Jain, S.; Rompicherla, N.C.; Malviya,[113]
N.; Tambuwala, M.M. Development and evaluation of the effect
of  ethanol  and  surfactant  in  vesicular  carriers  on  Lamivudine
permeation through the skin. Int. J. Pharm., 2021, 610, 121226.
http://dx.doi.org/10.1016/j.ijpharm.2021.121226  PMID:
34710540
Hussain,  A.;  Altamimi,  M.A.;  Afzal,  O.;  Altamimi,  A.S.A.;[114]
Ramzan, M.; Khuroo, T. Mechanistic of vesicular ethosomes and
elastic liposomes on permeation profiles of acyclovir across artifi-
cial membrane, human cultured EpiDerm, and rat skin: In vitro-ex
vivo study. Pharmaceutics, 2023, 15(9), 2189.
http://dx.doi.org/10.3390/pharmaceutics15092189  PMID:
37765159
Alshehri, S.; Hussain, A.; Altamimi, M.A.; Ramzan, M. In vitro,[115]
ex vivo, and in vivo studies of binary ethosomes for transdermal de-
livery of acyclovir: A comparative assessment. J. Drug Deliv. Sci.
Technol., 2021, 62, 102390.
http://dx.doi.org/10.1016/j.jddst.2021.102390
Yang, Q.; Li, S.; Ou, H.; Zhang, Y.; Zhu, G.; Li, S.; Lei, L. Exo-[116]
some-based delivery strategies  for  tumor therapy:  an update  on
modification,  loading,  and  clinical  application.  J.  Nanobiotech-
nology, 2024, 22(1), 41.
http://dx.doi.org/10.1186/s12951-024-02298-7 PMID: 38281957
Zhang, Y.; Liu, Y.; Liu, H.; Tang, W.H. Exosomes: biogenesis, bi-[117]
ologic function and clinical potential. Cell Biosci., 2019, 9(1), 19.
http://dx.doi.org/10.1186/s13578-019-0282-2 PMID: 30815248
Bedford,  J.G.;  Infusini,  G.;  Dagley,  L.F.;  Villalon-Letelier,  F.;[118]



760   Current Drug Delivery, 2025, Vol. 22, No. 6 Bindhani and Nayak

Zheng, M.Z.M.; Bennett-Wood, V.; Reading, P.C.; Wakim, L.M.
Airway exosomes released during influenza virus infection serve
as  a  key  component  of  the  antiviral  innate  immune  response.
Front. Immunol., 2020, 11, 887.
http://dx.doi.org/10.3389/fimmu.2020.00887 PMID: 32477358
Maus, A.; Strait, L.; Zhu, D. Nanoparticles as delivery vehicles[119]
for antiviral therapeutic drugs. Engineered Regeneration, 2021, 2,
31-46.
http://dx.doi.org/10.1016/j.engreg.2021.03.001 PMID: 38620592
Daneshi, N.; Esmaeilzadeh, A.; Bahmaie, N. 47D11 antibody-engi-[120]
neered exosomes for  targeted delivery of  remdesivir  in patients
with COVID-19: Dream or principle? (A critical editorial study).
Eurasian J. Med., 2022, 54(3), 310-312.
http://dx.doi.org/10.5152/eurasianjmed.2022.21116  PMID:

35950831
Lei,  W.;  Yu,  C.;  Lin,  H.;  Zhou,  X.  Development  of  tacroli-[121]
mus-loaded  transfersomes  for  deeper  skin  penetration  enhance-
ment and therapeutic effect improvement in vivo. Asian J. Phar-
mac. Sci., 2013, 8(6), 336-345.
http://dx.doi.org/10.1016/j.ajps.2013.09.005
Peira, E.; Trotta, M.; Carlotti, M.E.; Gallarate, M.; Chirio, D. Elas-[122]
tic positively-charged liposomes for topical administration of acy-
clovir. J. Drug Deliv. Sci. Technol., 2007, 17(5), 321-324.
http://dx.doi.org/10.1016/S1773-2247(07)50049-3
Jain, S.K.; Gupta, Y.; Jain, A.; Rai, K. Enhanced transdermal de-[123]
livery  of  acyclovir  sodium  via  elastic  liposomes.  Drug  Deliv.,
2008, 15(3), 141-147.
http://dx.doi.org/10.1080/10717540801952407 PMID: 18379926


	Nanovesicles as Potential Carriers for Delivery of Antiviral Drugs: AComprehensive Review
	Abstract:
	1. INTRODUCTION
	2. METHODOLOGY OF REVIEW
	3. NANOVESICLES
	4. OVERCOMING THE CHALLENGES OF CONVENTIONALSYSTEMS FOR THE DELIVERY OF ANTIVIRALAGENTS
	Fig. (1).
	5. DELIVERY OF ANTIVIRAL DRUGS USINGNANOVESICLES
	Fig. (2).
	Table 1.
	Table 2.
	Table 3.
	CONCLUSION AND FUTURE PROSPECTS
	ACKNOWLEDGEMENTS
	REFERENCES



