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Poor bioavailability of acyclovir in the treatment of viral infections remains one of the major drug delivery concerns of
pharmaceutical manufacturers and researchers. Nanoparticulate systems have been exploited with the aim of improving the current
pharmacological limitations of acyclovir administration. In fact, nanoparticles do offermany advantages, especially in terms of their
physicochemical stability and sustained-release properties. Besides, they are made of biocompatible materials, which are nontoxic
to cells. Acyclovir has been a focus since the last decade as one of the low bioavailability drug models loaded in various types of
newly synthesized drug delivery vehicles. In this review, compositions and formulations of nanosized acyclovir particles, as well as
their stability and pharmacokinetic profile, are discussed in further detail.

1. Introduction

Acyclovir is an antiviral drug that is primarily used for the
treatment of HSV (herpes simplex virus) infection as well
as infections due to varicella zoster and herpes zoster. It has
higher activity towards both HSV-1 and HSV-2 as compared
to the latter viral infections. Acyclovir remains the drug of
choice for prophylaxis and treatment of HSV infection and
is available in numerous forms such as tablet, suspension,
intravenous injection, and ophthalmic ointment (Table 1).

Acyclovir is a guanosine analogue with a functional
aliphatic group that is present on the side chain. It obstructs
the virus replication process by competitively inhibiting the
viral DNA formation.This is achieved through selective bind-
ing of HSV-thymidine kinase. Acyclovir is then converted by
the viral thymidine kinase to acycloguanosine monophos-
phate (acyclo-GMP) followed by phosphorylation by the
cellular kinase into an active triphosphate form; acycloguano-
sine triphosphate (acyclo-GTP). The acyclo-GTP, which has

greater affinity for the viral DNA polymerase as compared to
cellular polymerase, functions as a substrate that binds with
and is incorporated into viral DNA. Eventually, this results
in premature chain termination as acyclo-GTP resembles the
nucleotides but without the hydroxyl group in the 3 position
[1–3]. The absence of this hydroxyl group means that further
nucleotides cannot be added to the strand for elongation and,
hence, the incomplete DNA strand is terminated (Figure 1).
As a consequence, the replication rate is slowed down and
further provides ample time for the immune response to
intervene.

Acyclovir is poorly soluble in water contributing to only
20% of the total free drug in the body. It is also rapidly
cleared from the system where the half-life of the drug is
reported to be three hours. Unchanged acyclovir and its
metabolite, 9-carboxy-methoxymethylguanine, can be found
in the urine as kidneys are the major organs for the drugs’
elimination [4]. By virtue of this, acyclovir does not have
sufficient bioavailability, accounting for only up to 30% in
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Table 1: Route of administration of acyclovir and the disadvantages.

Route of administration Dose Disadvantages

Oral 1000mg per day (tablet and suspension) Low oral bioavailability, high-dose related side effects, that
is, nausea, headache, and diarrhoea [8, 15]

Intravenous injection 100mg/kg Nephrotoxicity, renal failure, and thrombophlebitis [21, 28]

Topical/transdermal 5% w/w topical ointment, 5 times daily Difficulty in penetrating epidermal layer, rapid clearance
[29]

Ocular 3% w/w ophthalmic ointment, 5 times a day Poor ocular bioavailability [30]

Acyclovir + ATP

HSV-thymidine
kinase

Acycloguanosine monophosphate

Cellular
kinase

HSV

Acyclovir triphosphate binds with and is incorporated into viral DNA

Inhibition of viral DNA synthesis and viral replication process

DNA polymerase

Acycloguanosine triphosphate

Figure 1: Schematic mechanism of action of acyclovir in inhibiting viral DNA synthesis.

immunocompetent patient with no previous history of renal
problem or complication [5–7]. Nonetheless, this percentage
varies from one individual to another and it is subjected
to the individual pharmacokinetic profile of patients. Poor
bioavailability of acyclovir has led to ineffective therapy.
A simplistic approach to overcome this is by prescribing
acyclovir in high oral doses, that is, 200mg tablet, five times
daily for ten consecutive days or even higher doses of 400mg,
if required. Higher doses are prescribed by physicians to
obtain higher serum concentration, hence, achieving its
desired therapeutic effects [8–10]. Nonetheless, the use of
higher drug doses may lead to unwarranted adverse effects.

New or enhanced techniques and formulations are
needed to improve the efficacy of the current antiviral therapy
using acyclovir. Less frequent dosing, lower dose of acyclovir
used, and sustained-release mechanisms are approaches
utilised to improve therapy and reduce the possibility of
getting side effects related to high dose of drug consumed.
This can very much improve patient compliance to antiviral
therapy using acyclovir. Research in the nanoparticulate
system as drug carriers has received intense and worldwide
attention. This novel system is seen to be the next step in
improving antiviral therapy.Nanoparticles have been selected
to deliver drugs effectively with minimal to no toxicity effects
[11–13]. Usage of nanoparticles in medicine has brought
forward more options in developing future drug, as well as
improving the currently available formulations, which are
inundated with pharmacological limitations.

Nanosized drug delivery vehicle has been expected to
fulfil the main pharmacokinetic objectives, that is, improving
acyclovir’s solubility and, hence, absorption and oral bioavail-
ability. Moreover, it is believed that nanosized acyclovir may
potentially improve the drug’s dissolution profile thus over-
coming its pharmacokinetic drawback. For these reasons,
various types of nanosized drug delivery vehicles have been
studied, formulated, and prepared by using differentmethods
to encapsulate and deliver acyclovir via different routes of
administration. This drug delivery system includes synthetic
and natural products, which are safe for consumers. These
products are made of biologically inert and physiologically
compatible materials. Besides, most nanocarriers are formu-
lated to be biodegradable which is helpful in avoiding toxicity.
Acyclovir nanocarriers are discussed in detail with respect to
their route of administration.

2. Oral Delivery

The purpose of high doses of oral acyclovir (typically a
200mg tablet, taken 5 times a day for 10 days) prescribed
to patients is to achieve the desired acyclovir concentration
circulated in plasma, thus attaining significant pharmaco-
logical effect of acyclovir. Notably, oral delivery is the most
preferred route of administration. However, patient compli-
ance is compromised if acyclovir oral tablets are required
to be taken five times daily. On top of that, the patient is
exposed to side effects related to high doses of acyclovir
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administration. Some of the common side effects of orally
delivered acyclovir are nausea, vomiting, diarrhoea, and
headache [8]. In order to obtain therapeutic effect of as well
as enhancing compliance and minimising its dose related
side effects, various techniques and methods for delivery of
acyclovir have been developed.

A lipid nanoemulsion system has been designed and
introduced to entrap acyclovir.This emulsion system is made
up of liquid lipids, which are dispersed in water and stabilized
by emulsifier and/or surfactant that coat the nanosized
lipid droplets. Emulsifiers or surfactants are used to reduce
the interfacial tension of lipid droplets with the aqueous
phase (water). Surfactant and emuslifiers are added in the
formulation to avoid droplets collision in order to maintain
the desired droplet size [14]. Although the emulsifying tech-
nique is quite an antiquated drug preparation technique, the
modern technology has adapted this method to a level where
it stands together with other newer drug delivery forms.
Moreover, an improvement in drug solubility will definitely
have a positive impact on the drug bioavailability.

Nanoemulsion systems for oral acyclovir delivery have
been shown to improve acyclovir oral bioavailability in rats
when compared with the commercially available plain drug
either in tablet form or in solutions. More importantly, the
particles produced were within the nanometric size, ranging
from20 nm to 40 nmwith gooddrug entrapment and loading
capacity [15, 16]. In addition, liquid nanoemulsion developed
showed longer blood circulation time when compared with
plain drug solution. In contrast, it was reported that the self-
microemulsifying drug delivery system, which was made up
of 30% glycerol, 9% sunflower oil, and 60% tween 60, did not
exhibit a sustained-release profile. Also, the half-life (𝑡1/2) was
reported to be about 2.5 to 3 hours which was similar to the
pure drug solution [15]. These studies showed that types and
ratio of the oil to surfactant (optimized using pseudoternary
phase diagram) used in formulating the nanoemulsion played
a major role in determining the sustained-release character-
istic of the nanoemulsions constructed.

More recently, an in vitro drug release study of acyclovir-
loaded Eudragi RLPO nanoparticles showed sustained drug
release property for over a period of 24 hours. However,
the use of Eudragi RLPO and a stabilizer, Pluronic F68,
might not be a good combination for formulation of oral
drug delivery vehicle, due to the fact that range of particle
size produced was large, between 82 and 532 nm. The drug
entrapment efficiency was reported to be moderate at about
53%–79% [17]. Thus, the composition and the ratio of both
surfactant and polymer used in the formulation directly
influenced the drug entrapment efficiency and its particle
sizes, as well as the polydispersity index. In addition, large
sizes and high polydispersity index particles are indicators of
instability of a formulation and are benchmarked to estimate
the nanoparticle’s shelf-life storage condition.

A stability test is one of the most crucial steps in
developing drug carrier. Usually, the stability test of a newly
formulated drug is an indicator of the product performances
over time and an important criterion for future drug com-
mercialization. The shelf-life stability of the nanoemulsion
formulation is an interesting area to study as some of the

emulsions prepared had been said to face instability problems
that include separation and sedimentation of the prepared
formulation. Storage at room temperature for more than
6 months would cause the prepared emulsion containing
acyclovir to change in its globule size significantly. Drug
burst/leakage has also been reported despite its good entrap-
ment efficiency, oral bioavailability, and prolonged release
characteristic [18]. However, the system was stable if it was
kept in controlled temperature (4∘C) [18, 19]. Thus, further
investigation into the compositions, as well as the types of
lipid used, would give insightful and clearer perspective of the
oral drug delivery system proposed.

3. Systemic Blood Delivery
(Intravenous (IV) Injections)

Numerous attempts have been made by scientists and re-
searchers to develop acyclovir nanocarrier for IV injection.
In general, bolus IV injection is only given to patients if very
high doses of acyclovir are required, that is, 100mg/kg, and/or
when serious cases of HSV infection are encountered such as
herpes simplex encephalitis [20].

However, delivery of acyclovir via IV injection would
cause thrombophlebitis at the injection area. Also, high doses
of acyclovir could cause deposition of acyclovir crystals in the
kidney, especially if acyclovir is given via bolus IV injection,
where themaximumsolubility is reached.This eventmay lead
to intratubular renal damage and, hence, renal failure [21–23].
This is one of the common side effects if acyclovir dose is not
adjusted or proper hydration is not given [24].

Novel IV stealthy nanoparticles using polylactic cogly-
colic acid (PLGA) have been developed to address the
inherent issue of poor acyclovir bioavailability. The objective
of this new system is to increase its mean residence time and
plasma half-life. The PLGA nanovehicles have been proven
to extend circulation time (longer mean residence time) for
acyclovir, that is, up to 48 hours, when compared to its control
(plain drug solution). Studies have also shown that spherical-
shaped PLGA nanoparticles have relatively good percentage
of drug entrapment, where more than 60% of drug added
was entrapped in this carrier system. Acyclovir in PLGA
nanocarrier yielded a reasonable particle size ranging from
200 nm to 300 nm [25, 26].

A study in the use of acyclovir PLGA nanoparticles in
rats has revealed a much improved acyclovir biodistribution
in which the concentration of acyclovir PLGA nanoparticles
was highest in hepatocytes compared to other organs (i.e.,
kidney and lungs) after an intravenous injection of the drug
was given through the tail vein [26]. This is an example
of a successful targeted drug delivery with prolonged and
continuous drug release at the site-specific organ, most likely
contributed by the types of drug carriers that interacted
with/bound to the surrounding cell, in this case, hepatocytes.
As acyclovir is also a useful therapeutic agent in treating
patients with life-threatening infectious liver disease (e.g.,
hepatitis B), the study provides promising evidence of util-
ising this delivery system to carry acyclovir into the body.

Self-assembled nanoparticles (SAN) formulated from
acyclovir lipid derivative (SGSA) have been claimed to be
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stable during storage at room temperature. SAN maintained
its particle size of 83.2 nm up to one year of storage and
no particles aggregation was observed. Further stability tests
on prepared SAN which included high speed centrifugation
(up to 8000 rpm) with addition of selected additives have
shown that SGSA did not show any significant difference
when compared with the control group. However, SGSA was
reported to have a short elimination time (7 hours) with
cells toxicity observed. This is an indication of a shorter resi-
dence/circulation time of acyclovir in blood and cytotoxicity
of the nanoparticles should be subjected to close scrutiny in
future research [27].

Factors such as composition and compatibility of each
component used in the formulation and methods utilised in
the production process may impact the physical profiles of
the resultant product prepared. These factors may affect the
size, stability, and pharmacokinetic and pharmacodynamic
characteristics of the nanoparticles formed. Enhanced tech-
nique and improved formulations to deliver acyclovir via I.V
injection continue to attract interest from researchers and
further investigations would be worthy of note.

4. Topical and Transdermal Applications

Skin lesion and blisters due to infection of HSV can be
treated with the application of acyclovir in the form of topical
ointment or transdermal cream. Topical and transdermal
formulations act as vehicles for antiviral agents besides
rendering protective layer to prevent further virus entry and
spread from a particular site of infection.These formulations
also improve the healing time of cold sores and blisters as
the application is localised at the site of infection. However,
acyclovir ointment has been reported to have only moderate
efficacy depending on the severity of the infection and the
clinical condition of patients.Moreover, frequent applications
of acyclovir topical creamare required to attain its therapeutic
effect [31, 32]. Also, it has been reported that acyclovir cream
and ointment have difficulties in penetrating the epidermal
layer of the skin [31]. Due to slow absorption of the drug
at the site of application, research into new and improved
formulations for acyclovir topical ointment has received
significant attention.

Additionally, nanoemulsion and to an extent microemul-
sion-based topical formulations have been developed for
treatment of cutaneous herpes infection. The applications of
these acyclovir formulations exhibited good skin permeation
profile and resulted in HSV-1 suppression at the site of
infection [33, 34]. A study on the effect of microemulsion-
based topical formulations of acyclovir for the treatment of
cutaneous herpetic infections showed a positive improve-
ment where no herpetic skin lesion was observed after one
week of treatment [34]. In this study, 2.5% transcutol (ethoxy-
diglycol) microemulsion containing 0.75mg of acyclovir was
applied once daily to female Balb/c mice at 24 hours after
infection and compared to its control group. Furthermore,
the formulations were found to be stable when kept on shelf
at a room temperature of 25∘C for up to 45 days [34].

Although further investigations are required to closely
scrutinize its antiviral effect, a study has confirmed that

application of acyclovir emulsion for treatment of skin HSV
infection enhanced the healing time due to improvement
of its skin permeation profile. Schwarz and colleage have
also postulated that acyclovir nanoemulsions formulations
using natural sugar surfactant and Solutol HS 15 could
be a suitable candidate for topical acyclovir delivery that
should be developed as future drug vehicles [33]. These
findings suggested that drug carrier should not only possess
good physicochemical stability and drug loading capacity
but also be made of skin-friendly materials and be capable
of penetrating the skin barrier that allows interaction with
the surrounding cells ensuring sustained drug release to the
targeted area.

Beside emulsions, colloidal dispersion drug delivery
system has also been exploited for dermal delivery of
acyclovir. A detailed in vitro comparative study between
ethosomes and solid lipid nanoparticles (SLNs) as acyclovir
drug carriers reported improved drug encapsulation with
comparable ability to carry high amount of acyclovir. The
ethosomal system utilising phosphatidylcholine showed 94%
drug encapsulation which was 39% higher than tristearin
solid lipid nanoparticle. These systems showed similar size
of particles of 257 nm and 236 nm, respectively. Evaluation
study on antiviral activity of both acyclovir formulations
in plaque reduction assay of infected Vero cells cultures
produced similar results when compared to control (plain
acyclovir solution) [35]. Thus, it could be concluded that
both formulations did not affect the efficacy of the drug. In
addition, data obtained from an in vitro release kinetic study
suggested that ethosomes and SLNs have sustained-release
characteristic where continuous drug delivery of acyclovir
was observed. This positive characteristic should be further
exploited.

Typically, drug prepared in a form of gel using in situ
gelling system is suitable for topical administration as it
offers site-specific and targeted drug delivery. Encapsulated
acyclovir in polymer nanoparticles dispersion gelling sys-
tem such as Pluronic F127 is not subjected to topical and
transdermal application only, but also nasal and vaginal
deliveries. Ramyadevi and Sandhya reported that regardless
of its wide range of particles size distribution (between 68 nm
and 1281 nm), the system exhibited reasonable drug loading
capacity (between 30% and 60%) with up to 8 hours of
sustained-release profile. In fact, both characteristics had
fulfilled the main objective of the study: a modified dosage
form of acyclovir for delivery to the skin [36]. Further
investigations on its in vivo bioavailability would be worthy of
additional information for the system developed. Therefore,
intense research and work progress in this area are required,
that is, the toxicity and the stability of the formulation,
in order to improve the current findings for better and
promising drug delivery methods and preparations.

5. Ocular Delivery

Besides topical ointment, acyclovir has also been targeted for
its ocular delivery. Ocular HSV infection occurs when HSV
type 1 infects the sensory neurons of the eye. To date, herpetic
keratitis is one of the most common infectious eye diseases
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associated with HSV [37]. Prolonged herpes keratitis due to
lack of treatment or recurrent infection of HSV at the same
area of the cornea would cause dendritic ulcer. Eventually,
this event may cause visual impairment or, worse, blindness
due to scarring and damage formed in the infected area
[38, 39].

Acyclovir is not prescribed to patients in the form of eye
drops because of its poor ocular bioavailability and thera-
peutic efficacy due to low solubility in water. On top of that,
development of drug for delivery to the eye is very challeng-
ing. There are few factors that need to be taken into consid-
eration when designing drug for ocular delivery. Eyes have
their own physical and biological protective mechanisms
that protect them from foreign substances including drugs.
For example, blinking and tears will reduce and/or remove
ophthalmic drug solution from the conjunctiva. There-
fore, it is quite difficult to get the actual dose of drug
to reach the targeted tissue area, hence resulting in low
ocular drug absorption [40]. Treatment of ocular HSV in
immunocompetent patients is prescription of oral acyclovir
(800mg, daily) and/or continuous application of 3% acy-
clovir ophthalmic ointment to the cornea area, five times
daily [30, 41].

In the last decade, a pioneer studywas conducted to inves-
tigate the potential of liposome as acyclovir delivery vehicle.
Liposome offers great advantages as a colloidal drug carrier;
it is made of biodegradable materials and is nontoxic to cells.
By virtue of that, nanosized liposomesmade of phosphatidyl-
choline-cholesterol-dimethyl dioctadecyl had been devel-
oped to transport acyclovir to the eyes. Characteristics of
the liposomes prepared from different procedures and mem-
brane charges were evaluated. Data of the study suggested
that only charged membranes (either positively or negatively
charged liposomes) could interact with acyclovir. Negatively
charged liposomes showed the highest drug entrapment effi-
ciency when compared with neutral and positively charged
liposomes, which could be due to greater aqueous phase
entrapmentwithin the corewhere acyclovir was placed.How-
ever, only positively charged liposomes showed enhanced
ocular acyclovir bioavailability in the aqueous humor. This
could be due to corneal permeability adjustment made by
liposomes which allows more drug to enter the cornea area
[42].

In agreement with previous study, positively charged
liposome was also reported to be bound to and coated on
the corneal surface and enhanced the absorption of acyclovir
in the cornea. Also, longer acyclovir residence time of the
positively charged liposomes was observed in the aqueous
humor of the rabbits due to corneal adhesion as compared
to the commercially available acyclovir ointment [43, 44]. In
summary, a few factors have been discovered to influence the
improvement of acyclovir-liposomes ophthalmic delivery,
which includes rate of corneal permeation and surface charge
of the fabricated liposomes such that it binds to and coats the
negatively charged corneal surface.

Besides liposomes, poly(ethylene glycol)-co-cyclic acetal
(PECA) and polylactic acid (PLA) nanospheres coated with
polyethylene glycol (PEG) with average diameter of 200 nm
could also be a good and suitable drug vehicle for acyclovir.

Acyclovir-loaded PECA and PLA nanospheres have demon-
strated sustained-release property with mean residence time
of up to 6 hours [45, 46]. In vivoDraize tests were conducted
and findings suggested that nanospheres made from both
types of polymer were well tolerated with no eye inflam-
mation observed. Thus, acyclovir-loaded nanospheres were
considered safe for ocular use since changes were not seen in
the rabbit’s eyes.

Acyclovir-loaded PEG coated nanospheres had shown a
significant increase of acyclovir concentration in the aqueous
humor when compared with acyclovir solution. These could
have resulted from higher drug loading capacity and better
ocular mucoadhesion of the formulated nanospheres. Good
drug loading capacity and high ocular bioavailability are
indication of a successful trial of acyclovir encapsulation
for its ocular delivery. Data of the studies suggested that
drug entrapment efficiency is subjected to environment
and preparation conditions (i.e., pH and temperature) and
types and molecular weight of the surfactant and polymer
used in the formulation. In addition, the composition,
concentration, and ratio of surfactant and polymer used
in the formulation might influence the physicochemical
properties of lipid nanoparticles and the ocular tolerabil-
ity [47–49]. Further investigation to test the nanospheres’
shelf-life stability will be beneficial for future ocular drug
delivery development.

More recently, solid lipid nanoparticles have been intro-
duced to be a carrier system to deliver poorly water-
soluble and/or hydrophobic drug. It offers many advan-
tages over the older colloidal drug delivery systems, which
include biocompatibility, biodegradability, and beingmade of
safe/nontoxic materials [50, 51].Thus, as a stable drug carrier,
solid lipid nanoparticles have been proposed to be a drug
vehicle for ophthalmic delivery of acyclovir. Acyclovir has
been successfully incorporated into solid lipid nanoparticles
made from glyceryl dibehanate, Compritol 888 ATO, using
the modified hot-oil-in-water microemulsion technique.The
morphology, stability, and other characteristics of the newly
synthesized nanoparticles were determined before they were
tested in excised bovine cornea. It was reported that the
negatively charged nanoparticle displayed poor permeation
through cornea although it exhibited sustained-release profile
to supply acyclovir for a longer period of time.Hence, in order
to overcome the drawback, solid lipid nanoparticles have
been physically converted to nanostructured lipid carriers
(400–777 nm in diameter) with good drug loading capacity
characteristic [52].

Besides having good drug entrapment efficiency of up to
90%, the nanostructured lipid carrier system also enhanced
the acyclovir corneal permeation. This has caused an incre-
ment of acyclovir cell uptake and its corneal bioavailability.
Apart from that, chitosan-coated nanostructured lipid carrier
also improved the antiviral efficacy of acyclovir by 3.5-
fold after 24-hour exposure in the cornea of albino rabbits
when compared with the commercial acyclovir ophthalmic
ointment available in the market [52, 53]. The physicochem-
ical properties and structures of the formulated solid lipid
nanoparticles (i.e., where acyclovir is loaded in the system)
directly influence the bioavailability of acyclovir and rate of



6 Journal of Nanomaterials

corneal permeation as well as its stability. These are among
the important measures for a successful development of
ophthalmic drug delivery.

6. Conclusion

The development of nanosized drug delivery system for
antiviral drugs, specifically acyclovir, has shown a very good
progress and high potential to become successful for future
benefits. The delivery of acyclovir through different routes of
administration in different forms of formulations (i.e., tablets,
suspension, and ointment) is substantial in treating patients
with HSV, where infection can be mild to one individual,
but severe to others, depending on their health status. Yet
each route of administration has its own disadvantages and
side effects. Alternative acyclovir delivery system is indeed a
very good research area to explore. The forthcoming com-
mercialization of the end product will be the most exciting
part, especially to the pharmaceutical industry.Nonetheless, a
few fundamental steps have to be carefully studied before the
formulation can be commercialized.Moreover, it is necessary
that the selection of delivery vehicle for acyclovir be tested
via in vitro and in vivo studies. Its optimized therapeutic
efficacy and toxicity data can be attained, as well as its stability
test, as a prerequisite for clinical trials. Although further
research and studies are required to be performed, the current
and up-to-date data from various studies, conducted utilising
different methods, technology, and resources, have gained
worldwide attention and, thus, have contributed important
information in this area of research. In fact, the proposed
vehicles have the potential to be commercialized to suit
the current needs for antiviral delivery to overcome its
pharmacokinetic drawbacks. Research in the nanodelivery
system for acyclovir will add on to the latest knowledge
and improve our understanding in drug discovery as well as
delivery systems. The new technology and system proposed
will not only benefit antiviral drug delivery but also benefit
other marketed drugs with similar delivery problems.
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