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Approaches of Prodrug Designing to Treat Cancer, Neurodegenerative Disorders and Viral
Diseases
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Classical prodrug design is a sweeping approach to throw away futile side effects related to drug therapy.
Abstract The main purpose of prodrug designing is to ameliorate physicochemical, pharmaceutical, and
pharmacokinetic characteristics of particular compounds to resolve issues like formulation, delivery to the target site, and
toxicity limitations. To fabricate the pharmacological action in CNS, drugs must cross the blood-brain barrier (BBB).
Therefore, prodrug strategies are designed which include lipidization and the use of carriers and transporters. In this article,
we have reviewed different anticancer, neuroprotective, and antiviral prodrugs. Flurbiprofen prodrugs, glycosylated
prodrugs, resveratrol prodrugs, levodopa, etc., are mapped out for neurodegenerative disorders in CNS. Due to the poor oral
pharmacokinetic properties of antiviral agents, drug design methods are performed by combining the parent drug molecule
with a number of active components such as dipeptide esters, amino acids, nucleosides, and macromolecular-based

prodrugs.

Key Words: Cytochrome P450, Doxorubicin, Drug Delivery, Blood-Brain Barrier, Prodrug Design,

Levodopa

Introduction

Prodrugs are entrenched notions to prevail over
barriers of drug's usefulness. In Germany, 7% of the
marketed drugs can be categorized as prodrugs. The
term prodrug was commenced in 1958 by Adrien
Albert to elucidate those compounds that encounter
biotransformation prior to generating their required
pharmacological effect (Ettmayer et al., 2004).

Sulfasalazine was the earliest prodrug and was
accepted for use in the USA in 1950 and it is still in use
there. Prodrugs have gained success in the past few
years as 10% of drugs used in the market are prodrugs.
Between 2000 and 2008, 20% of drugs having lesser

molecular weight were recognized as prodrugs (Najjar
& Karaman, 2019).

Approaches on Prodrug Designing

Prodrugs are the byproducts that are chemically
inactive, and they are transmuted to their active
configurations

by enzymatic or non-enzymatic reactions (Han &
Amidon, 2000) (Jarvinen et al., 2005). This phrase was
manipulated by Albert to describe that the
compound/molecule/moiety that is inactive and after
entering the body it becomes pharmaceutically active.
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It is used to boost the bioavailability for the poorly
absorbed drug. It enters the body in an inactive form
and after binding with an enzyme, a reaction takes
place and it converts to its active metabolite (Rasheed
& Kumar, 2008). The prodrug strategy is mainly based
on the type of target and its positioning in the body.
We can convert the active metabolite to its prodrug by
increasing lipidization or attaching the alkyl or glycosyl
group to them to optimize the prodrug (Rautio et al.,
2018).

By following different techniques, we can
develop advanced drugs that are more potent
pharmacologically but their physical, chemical, and
biopharmaceutical properties are inefficient so it will

Prodrug

lead to poor drug-like properties (Jana, Mandlekar, &
Marathe, 2010). There are a lot of approaches we can
apply to control substandard properties of the drug
and how they are delivered to their target, one of
them is designing the dosage form in the best manner,
other is prodrug designing. Currently, prodrug
designing and its related research are involved in the
optimization of lead in drug discovery procedures
(Jarvinen et al., 2005). Prodrug designing has become
an important part of drug delivery standards in large
pharmaceutical companies and several small-scale
biotech companies are also interested in prodrug
designing applications to enhance drug functioning
(Psimadas et al., 2012).
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Figure 1: Categorization of Prodrug

In the prodrug designing approach, there is a
technique of targeted prodrug design. It has two
classes:

1.
2.

Targeting particular enzymes

Targeting certain membrane transporters
In the first class, enzymes are acknowledged as
pre-systemic metabolic sites and are used to enhance
oral drug absorption. In the second-class prodrug
approach utilizes transporters for the transport of
certain polar nutrients like amino acids and peptides.
So, this strategy is important when prodrugs are polar
or charged (Denny, 2004). Prodrugs are categorized as
Intracellular (where conversion takes place inside the
cell and Extracellular (where conversion takes place
outside of the cell).

Prodrug Designing in Cancer Therapy

Classical Prodrug design is a non-specified approach
based on chemical properties that are linked with
masking the drug properties that are not required for
example, limited bioavailability, lesser site-specificity
and chemical instability issues (Han & Amidon, 2000).
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In cancer treatment, we apply an approach which
utilizes less toxic prodrug forms that are activated
when coming in contact with tumor tissues, so these
prodrugs are called "tumor activated prodrugs".
Prodrugs can also be activated when we deliver

exogenous enzymes to tumor cells by using
Monoclonal antibodies (Denny, 2004). Various

cytotoxins and chemotherapeutic drugs are used for
the medication of cancer, but the drawback is that
they also target healthy cells rather than cancerous
cells, so this factor reduces their clinical efficiency. We
require advanced drug designs where there is
enhanced selectivity of destroying tumor cells. This
design involves two units, the trigger unit, and the
effector unit. The trigger unit is linked with the
selectivity of the tumor while the effector unit s linked
with the required level of killing of cells when the
trigger unit is activated (Denny & Wilson, 1998).

A newer approach to prodrug designing is based
on the molecular targets that are accountable for cell
transformation (Huttunen et al., 2008). Nanomedicine
therapy has played a vital role in many diseases and
cancer. Nanomedicine based chemoimmunotherapy
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has great potential. However, this approach has a
number of drawbacks including limited entrance of
such drugs into a solid tumor. So, a newer approach
namely  tumor microenvironment  activable
therapeutic peptide conjugated prodrugs were
designed that led to increased tumor penetration(Zhu
et al.,, 2020). The active form of prodrug must reside

in tumor tissue for a time period that induces the cell
death of the tumor (Huang & Oliff, 2001).

As nanocarriers deliver the loaded drug to
tumor tissues more efficiently, but it also has the
drawback that few nanocarriers have substandard
loading ability so they need more shots to attain
curative effect, which ultimately can lead to systemic
toxicity and inflammation. Now in this case prodrug
nanoparticles represent a more effective drug delivery
system because they only get activated at target sites
(Y. Zhang et al., 2016).

Another approach namely enzyme directed
immunostimulant (EDI) prodrug concept. In this
approach activation of immune cells takes place
resulting in immunogenicity. In this method, prodrug
is injected into active immunostimulants by cancer
cells. A study was conducted in which it was examined
that how EDI metabolism occurs in three distinct
cancer linesi.e., B16 melanoma, TC2 prostate, and 4T1
breast cancer. B16 melanoma cell lines induced the
highest immunogenicity (>95%) while TC2 and 4T1
cells produced 40% and 30% immunogenicity
respectively (Ryan et al., 2020).

The development of prodrugs in cancer
treatment has a strategy to improve various
properties like  biopharmaceutical  properties,
physicochemical properties, and pharmaceutical
properties of potent and selective drugs. One type of
powerful drug is bio precursors, which do not have bio
transformed in vivo carriers for various enzymes (Jana
et al., 2010).

Table 1. Prodrugs for Cancer

Targeted prodrug schemes are being exercised to
augment tumor selectivity and to lessen the
aftereffects. The enzyme is first delivered to the target
site and when we are sure that enzyme concentration
in blood is zero, the prodrug would be administered
that would be converted to its active form, so efficacy
would be enhanced, and systemic toxicity would be
decreased (Hou & Liu, 2020).

Carriers for enzymes to deliver them to the target
site include ADEPT, VDEPT, and LEAPT. But a few
restrictions of carriers include loss of enzyme activity,
poor delivery progress, and uncontrollable
phagocytosis. Several prodrugs are initiated by the
enzyme beta-glucosidase, which activates the
hydrolysis of the glycosidic bond of amygdalin and
releases hydrogen cyanide, which lowers tumor cells
by inhibiting cytochrome C oxide (Zhou et al., 2013).

Cytochrome p450 is involved in bioconversion of
prodrugs to their active form of the drug. The role of
CYP enzymes in prodrugs has promising advantages in
cancer therapy. Although CYP enzymes are majorly
present in the liver, it also targets prodrugs when in
extrahepatic tissues, because of the large superfamily
of CYP enzymes (Huttunen et al., 2008).

The General Concept of ADEPT and GDEPT

In this process, the antitumor antibody is conjoined
with the enzyme, and is inhibited in this tumor by IV
infusion. After the enzyme is inactive in the
bloodstream, prodrug is given which can be
stimulated by that enzyme conjugate. In GDEPT,
certain genes encode prodrug activating enzymes,
these are localized to tumor tissues. However, the
gene having the prodrug activating enzyme will hold
both normal and tumor cells (Han & Amidon, 2000).
The gene involved in GDEPT is also called a "suicide
gene". This suicide gene therapy is involved in both
GDEPT and VDEPT (Lee et al., 2002).

CYP forms that are involved

S.No Prodrug The active form of drug ~ MOA in the activation of
prodrugs

1 Cyclophosphamide  Phophoramide mustard  Hydroxylation giggg

2 Ifosfamide Ifosfamide mustard Hydroxylation gEiii

3 Dacarbazine (DTIC)  MTIC Hydroxylation giiﬁ;

¢ e phmowunot  weovaen e
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Doxorubicin Prodrug

In a study, the PEG-DOX-CUV prodrug was designed
for its higher drug-carrying property and lesser
unwanted effects. This prodrug is in the form of
nanoparticles in which doxorubicin (DOX) and
curcumin (cur) would deliver simultaneously to treat
cancer as combination therapy. When PEG-DOX-CUV
NPS would be incorporated by the tumor, the Schiff's
base linker joining DOX and PEG would be scattered in
an acidic medium, and doxorubicin and curcumin
would release into the nucleus and cytoplasm of
tumors with enhanced anti-tumor activity (Huang &
Oliff, 2001).

Albumin binding prodrugs having doxorubicin
complexes have shown anti-tumor activity. In this
strategy, Albumin's binding prodrugs of doxorubicin
are synthesized by an anti-prostate antigen, a serine
protease indirectly expressed in prostate cancer.
Various oligopeptides e.g., hexapeptides,
decapeptides show more substrate specificity towards
Human PSA, so there are incorporated in Albumin
binding doxorubicin prodrugs (Kratz et al., 2005).

Carboplatin Prodrug

Platinum-based drugs e.g., carboplatin, cisplatin and
oxaliplatin have a very wide scope in cancer therapy
but they have more side effects and drug resistance,
so carboplatin is loaded with Fe304 nanoparticles to
make it a prodrug for its efficient Anti-tumor activity.
Carboplatin-filled nanoparticles have a great potential
for delivery, well-received by ovarian cancer cell lines
through endocytosis (Song et al., 2019). Paclitaxel and
cisplatin are widely used in combined chemotherapy
for treating lung cancer, but it has a lot of systemic
toxic side effects. Now to overcome these side effects,
cisplatin/paclitaxel nanoparticles as a prodrug are
developed that are efficacious in lung cancer. It works
by exhibiting efficient cytotoxicity of tumor cells and
effectively inhibiting tumor growth in-vivo (W. Zhang
etal.,, 2016

etal., 2016).

Platinum complexes act as prodrugs and they
would be activated when they would reduce to
platinum analogs. To improve the antitumor activities
of carboplatin, the platinum complex was developed
in a manner featuring equatorial ligand sphere of
carboplatin and lipophilic axial carboxylate ligands
(Varbanov et al., 2012).

Tamoxifen Prodrug

Tamoxifen is the front-line treatment for estrogen
receptor-positive (ER+) breast cancer. CYP2D6
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enzymatic activity is required for the conversion of
tamoxifen to its active form that is 4-hydroxy-
tamoxifen and endoxifen. Around 8% of breast cancer
patients are resistant to tamoxifen because they lack
the enzyme CYP2D6 (Jiang et al.,, 2012). A genetic
variation in CYP2D6 is found in recent studies, as
persons who lack CYP2D6 enzyme will have difficulty
in tamoxifen conversion to its active form. Besides
this, CYP2C9 and CYP3A4 also have a role in the
metabolism of tamoxifen. Polymorphism in CYP2C9
will lead to enzyme inefficacy and it will ultimately lead
to adverse drug reactions (Manish, Lynn, & Mishra
2020). Tamoxifen is a selective estrogen receptor
modulator (SERM) that hinders the binding of
estrogen to its receptor and is productive in
premenopausal as well as postmenopausal women
(Hong et al., 2020).

Tamoxifen employs its pre-emptive effects by
seizing cell proliferation and bringing about Apoptosis.
In accordance to a study, taking tamoxifen treatment
5 years consecutively can reduce the death rate by
31% (Chang, Pan, & Lee, 2018).

Prodrug Designing in Neuro-Degenerative
Disorder

The blood-brain barrier is the crucial hurdle for the
drug to show its pharmacological action. Some drug
might

have large molecular weight or other are highly
hydrophilic (Henderson & Piquette-Miller, 2015) (Li,
Boado, & Pardridge, 2001). With the development of
science and technology, different designs are being
proposed in which one is a prodrug (Pardridge, 2002).
Prodrug easily penetrates through BBB (blood-brain
barrier) and after entering the blood-brain barrier it
gets separated from its parent active moiety and the
drug exhibits its effect. Another approach is to reduce
the molecular weight of the drug and use different
transporter for diffusing the drug across the BBB. If the
lipophilicity of the drug molecule is increased it can
easily cross the blood-brain barrier (Banks, 2009). But
the main drawback is that it is highly absorbed in the
brain. It is unable to move back and gets trapped so
prodrug is the good candidate for lipidization but
there are limited prodrugs e.g. ester prodrug
candidate. Another approach is through a chemical
drug delivery system which involves the chemical
modification of drug molecules. Therefore, it can
easily cross the blood-brain barrier and shows its
effect. Different transporters are used for prodrug
delivery the most common is LAT-1 (Large amino acid
transporter 1) (Gynther et al., 2008) (Peura et al.

Global Drug Design & Development Review (GDDDR)
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2011).To LAT-1 meta substituted phenylalanine
prodrug (Valproic acid) had greater affinity as
compared to the para-substituted derivative (Gynther
et al., 2008). LAT-1 antagonist can minimize the
binding of LAT-1 to prodrug (Peura et al., 2011)
(Montaser et al.,, 2020). The main strategy of the
prodrug is that they bind to FAAH (fatty acid amide

Table 2. Prodrugs for Neurodegenerative Disorders

hydrolase) and this enzyme clears the prodrug in the
brain and the drug produces their pharmacological
effect. So we should design such prodrugs or nuclear
receptor modulators which are the better substrate of
FAAH enzyme (Meinig et al., 2019) (Ferrara & Scanlan
2020) .

S. No Prodrug Active form Enzyme involved MOA
It BBB and ted t
1 Levodopa Dopamine Dopamine decarboxylase crosges and convertedto
dopamine
After crossing BBB, it gets
) FIurt?lprofen Flurbiprofen Carboxylesterase separateq and the drug'w?xs '
axetil released in lysosome mimicking
medium
3 Triacetyl Resveratrol Deacetylase Increases BCL-2 expres§|on and
resveratrol decreases BAK expression

Flurbiprofen Prodrugs

Flurbiprofen prodrugs are used against the
prolifertion of the neurodegenerative disorder. The
physicochemical properties of the drug can be found
by molinspiration, ADME software, etc. The carboxylic
group of flurbiprofen has a very important role in
transport as it combines with amide moiety to form a
prodrug which can easily be crossed by the blood-
brain barrier (Ferrara & Scanlan, 2020) (Najjar &
Karaman, 2019) (Investigation & Hepatotoxicity
2011). The docking score shows the efficiency of the
prodrug of flurbiprofen to cross the BBB. Examples of
amide prodrug are Dicyclohexylcarbimide.
(Investigation & Hepatotoxicity, 2011)(Perioli et al.,
2004).

HCT-1026 is another prodrug i.e. R-Flurbiprofen
in which no carrier is present, and it helps in increasing
the safety profile and pharmacological action. These
prodrugs help to restore cognitive function by
NO/cGMP signaling and in this way they treat
dementia (Abdul-Hay et al., 2009)(Bondi et al., 2013).
Flurbiprofen also binds to nano base drug transporter
e.g. € Lysine and can be transported across BBB
through AMT (adsorption mediated transcytosis).
After entering the carrier gets separated and the drug
was released in a lysosome mimicking medium and
shows its pharmacological action (Al-Azzawi et al.
2020). This is used as a medication for Alzheimer's
disease by increasing the hydrophobicity of the drug

Vol. V, No. 1 (2020)

as it binds to the carrier (Al-Azzawi et al., 2020)(Perioli
et al., 2004). The complex structure can be found by
FTIR (Fourier transform infrared) spectroscopy
(Investigation & Hepatotoxicity, 2011) (Al-Azzawi et
al., 2020).

Glycosylated Prodrugs

Microglia’s dysfunction may lead to
neuroinflammation and accumulation of the AP
pathway, DAPPD (N, N diacetyl-p-phenylenediamine)
suppress NLRP3 by NFK  pathway and also reduces
aggregation of AB (Kim et al., 2020).

Another prodrug called as hydroxy pyridinones is a
prodrug and has metal chelation action and assists in
the detachment of AB, any drug concerning metal ions
is very favorable for the management of the
neurodegenerative disorder, Glycosylation intensifies
the action of the drug. The glycosylated complex has
better cytotoxic, anti-oxidant, and can chelate metal
for properties (Scott et al., 2011).

Ros Responsive Prodrug

Many Alzheimer disease drugs were being suggested
but the major drawback is that all the drug targets one
pathway (Oliveri, 2015) (Toublet et al., 2020) but ROS
responsive prodrug is a multi-targeted directed ligand
which shows anti-inflammatory activity and also
inhibits the acetylcholinesterase enzyme. The ROS
responsive prodrug therapy is the most advanced
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treatment for neurodegenerative disorder (Oliveri
2015).

Pleiotropic Prodrug

All the patients having neurodegenerative disorder
are treated with acetylcholinesterase inhibitor but
recent studies have shown that butyl cholinesterase is
also responsible for the disease, so MTDL drug class
named Pleiotropic prodrug was designed which
targets more than one pathway (Toublet et al., 2020)
(Christophe & Patrick, 2018). These are butyl
cholinesterase inhibitor as well as 5HT6 receptor
antagonist and the prodrug is pleiotropic carbamate
(Toublet et al.,, 2020). Another novel drug name
Revastigmine, a pleiotropic prodrug that inhibits
acetylcholinesterase as well as also targets SHT
receptor mainly 5HT4 receptor.

Resveratrol Prodrug

Due to the recent development in nanotechnology
different prodrugs entered into the body through
nanoparticle carrier. Microglia is responsible for
removing the microbes and pathogen; continuous
exposure may harm microglia (Zhao et al., 2020).

Resveratrol is the drug for Parkinson's disease,
but it is not extensively distributed because of its
limited ability to cross BBB hence bioavailability is less.
So its prodrug is formulated i.e., alkylated, glycosylic
prodrug which shows antioxidant and anti-
inflammatory, neuro-protective effect and they can
easily cross BBB (Pefialver et al., 2018) (Wang et al.,
2020). Resveratrol is used to treat Huntington's
disease with its eighth derivative. (Pefialver et al.
2018). Another study shows that resveratrol had a
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Characteristics of chitosan coated microparticle of levodopa

high affinity toward hub genes including AKT1, MPK3,
TNF, etc and it increases the BCL-2 and decreases
manifestation of BAK. Moreover, it also stops
glutamate-induced apoptosis. In this way, it targets
more than one receptor or gene and shows its
neuroprotective function (Wang et al., 2020).

Levo-dopa Prodrug

In Parkinson's neurodegenerative disorder dopamine
was administered earlier but the limitation is that it
cannot cross the BBB. So nowadays levodopa is
administered but it also had downsides such as
extensive metabolism, so its pharmacological action is
less. So nano-carrier is used for administration of
levodopa (Gray et al., 2014). The clinical trial is being
conducted in which levodopa is compared with that of
controlled release levodopa. Outcomes of a double-
blinded study show that controlled-release levodopa
controls the symptoms and does not originates
dyskinesia (Juncos et al., 1987). Besides the controlled
release of levodopa another approach has been
designed in which microparticles are being coated
with Chitosan coated hydroxypropyl methylcellulose
microparticles  which  increase  the  plasma
concentration of levodopa. Moreover, it also increases
the contact time of levodopa (Dankyi et al., 2020).
Decreased efficacy is the untoward effect of levodopa
because dopamine receptors are continuously
degraded so dopamine receptor (D1) agonist
bromocriptine was given but it did not control the
symptom, so dihydrexidine was proposed which
dramatically treated the disease and lessen the
symptoms (Mailman, Yang, & Huang, 2021).

m average size

= polydispersity index
W zeta potential

W drug loading

= encapsulation efficency

Figure 2: Chitosan coated hydroxyl propyl methyl cellulose microparticles of levodopa which helps in controlled
release of levodopa (Dankyi et al., 2020)
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Fosmetpantothenate Prodrug

PANK2 genes are found on chromosome 20.
Mutations in PANK 2 genes lead to the decrease
production of PPA that is phosphopantetheine acid
which ultimately decreases the level of coenzyme A in
CNS and causes a neurodegenerative disorder that is
(PKAN). Fosmetpantotenate prodrug was
administered which activates coenzyme synthesis
regeneration (Auciello et al., 2020).

DNP and Perforin Inhibitor Prodrug

In neurodegenerative disorder, dopaminergic neurons
are constantly being relapsed so a drug that is 2,4
Dinitrophenol was administered but it is not effectual
so the prodrug of DNP that is MP-201 was given which
shows that it refurbishes the motor function in the
brain (Kishimoto et al., 2020). Another drug named
perforin inhibitor is used for the treatment of disease
they bind to LAT-1 and show their pharmacological
effect including a decrease in lipopolysaccharide-
induced neuro inflammation and Alzheimer's disease.
Perforin inhibitor also reduces oxidative stress and
neural apoptosis. (Tampio et al., 2020).

In neurodegenerative disorder, dopaminergic
neurons are constantly being relapsed so a drug that
is 2,4 Dinitrophenol was administered but it is not
effectual so the prodrug of DNP that is MP-201 was
given which shows that it refurbishes the motor
function in the brain (Kishimoto et al., 2020). Another
drug named perforin inhibitor is used for the
treatment of disease they bind to LAT-1 and show

Table 3. Prodrugs for Viral Diseases

their pharmacological effect including a decrease in
lipopolysaccharide-induced neuro inflammation and
Alzheimer's disease. Perforin inhibitor also reduces
oxidative stress and neural apoptosis. (Tampio et al.
2020).

Prodrug Approaches for Viral Diseases

Different anti-viral stratagems have been employed
for the provision of the drug at the location of action.
Prodrug plays an important role in the optimization of
effect (Choudhary et al.,, 2020). For example, HIV
infection has become a chronic disease due to the
disproportionate use of anti-viral medicines so the
drugs are given in combination e.g. three drugs are
given, in which two are the reverse transcriptase
inhibitors and one is the nucleoside inhibitor (Back &
Marzolini, 2020). All the HIV infections have solubility
and absorption problems, for example, tamasavir, so
to overcome these issues its prodrug Fostemsavir was
proposed (Meanwell et al.,, 2018). Strategies of the
prodrug include the targeted delivery, for example,
the targeted delivery in the retina in anti-viral prodrug
nanomicelle i.e. HCO-40/0C-40 (Mandal et al., 2017).
Types of the prodrugs decide which strategy have to
be employed e.g. the most astonishing prodrug macro
micelle follows the envelope mediated and the
receptor-mediated disruption (Sinokrot et al., 2017).
Macromolecule prodrug controls the release of the
drug so that the drug can be released for a prolonged

period (Neeraj et al., 2011).

S.No  Prodrug Active form Derivative of Prodrug Enzymes Involved
1 Valacyclovir Acyclovir Amino-acid ester Adenosine deaminase
2 Penciclovir Famciclovir Guanine nucleoside Xanthine oxidase
3 Valganciclovir Ganciclovir Valine ester Esterase valacyclovirase
Acyclovir Prodrugs their  high-water  solubility —and  remarkable
Acyclovir is used as the drug of choice for herpes transep|the'l|a| . permeabilities thaF ||ft§ the oral
pharmacokinetics.  Therefore, dipeptide based

simplex infection. Because of its reduced solubility and
invasion among tissues, the transporter targeted
delivery approach is a favorable method to enhance
the cellular permeability of acyclovir (Talluri et al.
2008). Water-soluble dipeptide esters of ACV are
thought to be extremely effective in the case of
herpetic viruses. The dipeptide-based strategy is
extremely fortuitous for bioactive agents which
includes functional moieties as thiol, phenol, and
amines. The main function of amino acids and
dipeptide esters as prodrugs of acyclovir is because of

Vol. V, No. 1 (2020)

prodrugs can be used as an approach for targeting the
peptide membrane transporters (Santos et al., 2009).
The valine ester prodrug of acyclovir known as
Valacyclovir enhances the oral bioavailability by three
to five times of the parent drug by translocation of
prodrug caused by the peptide transporters (PEPT). To
enhance the absorption of acyclovir, novel
enzymatically stable stereoisomeric prodrugs such as
I-Valine-l-valine and l-valine-d-valine-acyclovir, etc are
formulated. Therefore the metabolic activity can be
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amplified by assimilating a di-isomer into the peptide
chain at a specific position (Talluri et al., 2008) (Santos
et al.,, 2009). Ten amino acid ester prodrugs were
considered by computing the urinary retrieval of
acyclovir. The results endorsed that L-amino acid
prodrugs are superior prodrugs because of the
participation of stereoselective transporter as
compared to D-isomers as shown in figure 2. Two
analogs of acyclovir with fluctuations in the 6th
substitute of the purine ring were proposed to attain
plasma levels of drug equivalent to intravenous dosing
(Tolle-Sander et al., 2004).

The amino-acid—based prodrug valganciclovir is
enchanted by the Na+ /Cl- coupled amino acid
transporter. This transporter proved to be an
efficient delivery method for amino acid-based
prodrugs. Secondly, Ganciclovir, an antiviral drug, is
not acknowledged as a substrate by amino acid
transporter.

However, if we attach a carboxyl group of valine
by an ester linkage, valganciclovir, the resulting
prodrug, sets of as a magnificent substrate for the
transporters. The coupling of the neutral amino acid

substrates in the form of an ester with the
carboxyl group of amino acid will enhance the delivery
of the therapeutically active agents (Umapathy,
Ganapathy, & Ganapathy, 2004). The oral

bioavailability of acyclovir can be improved by
employing the human apical sodium-dependent bile
acid transporter (hASBT). A study was performed in
which Acyclovir valylchenodeoxycholate was given
orally to rats which led to the idea that to augment the
oral bioavailability of acyclovir, a bile acid prodrug
approach can be employed. The four bile acid
prodrugs of acyclovir are chenodeoxycholate,
deoxycholate, cholate, and ursodeoxycholate
attached by valine linkers to the parent drug
(Beauchamp et al., 1992).

For a nucleoside to work efficiently as an inhibitor
of viral polymerase it must be altered to its relevant
nucleoside triphosphates. Three distinct kinases are
required for carrying out this process. The process of
phosphorylation highly affects the activity of
nucleosides as viral polymerase inhibitors. The
utilization of these prodrug approaches has led to the
production of a variety of compelling inhibitors of HCV
replication. The amalgamation of a nucleotide prodrug
and a direct-acting antiviral agent provides an
interferon-free therapy for HCV patients (Sofia, 2013).
Hepdirect prodrugs are an advanced class of
phosphates and phosphonate prodrugs that provides
high plasma and tissue stability and are primarily used
for delivering the nucleoside based prodrugs to the
liver (Erion et al., 2004).

PERCENT
ACYCLOVIR
RECOVERED

percent acyclovir recovered after
Valychenodeoxycholate dose

M percent acyclover recovered after
acyclover dose

Figure 2. Excretion of acyclovir in urine succeeding the oral administration of acyclovir parent drug and
acyclovir prodrug

Vidarabine Prodrug

Vidarabine is an antiviral agent effective against
herpes simplex and varicella-zoster viruses. D-and L-
amino acid derivatives of vidarabine are referred to as
the prodrugs of the parent molecule. The prodrugs of
vidarabine are more effective against poxviruses.
Currently, prodrugs of vidarabine were studied
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because of their remarkable activity against the
cowpox virus and they are found to be three to five
times more potent against vaccinia and cowpox
viruses as compared to cidofovir. These prodrugs also
enhance the aqueous solubility paralleled to the
parent drug (Shen, Kim, Kish, et al., 2009). 5'-O-D-valyl
ester derivative of vidarabine is considered a potent
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prodrug contender to enhance the oral bioavailability
of vidarabine based on its physicochemical properties
(Shen, Kim, Mitchell, et al., 2009). The vidarabine ester
prodrug has been calculated for its topical delivery by
engaging the physicochemical model approach. To
study the bioconversion and transport of a drug that
is given topically physical model strategy is used. (Ho
& Higuchix, 1979).

Ribavirin Prodrug

Macromolecular prodrugs are another type of
prodrugs that can be employed as an approach to
deliver the chosen drug to the location of the
objective. The polymers work as antiviral agents by
blocking the entrance of the virus inside the
mammalian cell (Smith, Kryger, et al., 2014). Ribavirin
is an antiviral drug whose main adverse effect is that it
accumulates in the red blood cells. Therefore a
prodrug Ribavirin acrylate is synthesized using the
chemi-enzymatic approach that reduces the toxicity
level in contrast to the parent drug and also maintains
the anti-inflammatory activity of the ribavirin (Kryger
et al.,, 2013). Ribavirin (RBV) is a nucleoside congener
having commotion against many viruses including
influenza, hepatitis C, Lassa fever virus, etc. However,
due to its highly adverse PK profile its macromolecular
prodrugs are designed. These prodrugs perform their
action in the cells where HCV replication takes place
(Ruiz-Sanchis et al., 2015). Macromolecular prodrugs
of ribavirin are also effective against the treatment of
co-infection which are Human immunodeficiency virus
(HIV) and Hepatitis C virus (HCV). These prodrugs
provide safe and operative treatment along with no
accumulation in the erythrocytes and with reduced
toxicity levels (Smith et al., 2015). Macromolecular
prodrugs are synthesized as entities that provide
activity against many viral strains and are used for the
inhibition of replication of HIV, Ebola, influenza,
measles, etc., viruses (Hinton et al., 2016). Automated
parallel polymer synthesis is the technique used for
the composition of macromolecular prodrugs of
ribavirin (Smith, Wohl, et al.,, 2014). A study was

Vol. V, No. 1 (2020)

performed whose main purpose was to synthesize a
ribavirin prodrug to acquire liver-specific drug
delivery. The main target of this approach was to work
on human sodium taurocholate cotransporting
polypeptide (NTCP) which is a bile acid transporter
located in the liver (Dong et al., 2015).

Sofosbuvir Prodrug

Sofosbuvir, an antiviral prodrug that is used for the
treatment of the Hepatitis C virus is proposed to be
effective against the replication of SARS-CoV-2, which
is a affiliated to the coronavirus family that has
triggered a global pandemic emergency .The three-
nucleotide congeners such as the triphosphates of
sofosbuvir are proposed to be effective for the
inhibition of SARS-CoV RNA dependant RNA
polymerase (Chien et al., 2020).

Conclusion

The recent development in prodrugs-based drug
designing offers a new direction in designing a prodrug
that has the most efficacious drug profile. To
accomplish the effective concentration of active
metabolite at the position of action is a major goal of
prodrug therapy. So, a promising strategy should be
developed in this regard. Recent advancement in
prodrug-based drug designing includes a targeted
prodrug approach. In the present era, the research in
this area is at a growing stage. As nanomedicine is
thought to be the most precise medicine in the
developed world but they also have drawbacks
including penetration in solid tumor. So, prodrugs are
the pre-eminent approach for the actual delivery of
drugs to their target site. The above-mentioned
strategies of the drug led to the inference that
bioavailability and cellular permeability of anti-cancer,
neuro protective agents, and antiviral agents can be
enhanced by converting the drug of choice into
various prodrugs that will perform the function of
specific targeted delivery as required. The prodrug
approach intensifies the therapeutic effect of the
parent molecule.
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