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ABSTRACT: Endocytosis process is utilized for various cell processes including cell-cell interactions,
signal responses, homeostasis and even for virus internalization, by the eukaryotic cells. Among all the
endocytic mechanisms such as Phagocytosis, Pinocytosis, Caveolin dependent & independent pathway;
Clathrin dependent and receptor mediated is the most commonly hijacked by the human viruses such as
Human Papilloma Virus, Adenovirus, ZIKA virus and Hepatitis-B virus. The selection basis for these four
viruses is non-availability of high efficacy drugs, vaccines and other treatments as compared to the other
human viruses. As per the evolutionary knowledge, host cells themselves are contributing towards the viral
internalization and infection. However, the mechanisms and factors involved in the viral uptake are still
not properly understood. Advances in the understanding of the uptake, transmission and infection process
will facilitate the researchers to design the targeted therapeutic approaches and in prevention of the
infection to the naive host cells in the human body. In this review, we have addressed the current
knowledge of endocytic mechanisms, host cell factors & host-virus interactions; employed by the Human
Papilloma virus, ZIKA virus, Adenovirus and Hepatitis-B virus. We have attempted to summarize the
drugs, plant and microbes’ based compounds & therapies developed from the currently available
researches along with their targets in the infected host cells and the drugs, therapeutic treatments and
vaccines under the clinical trials that can be possibly available in the future against the concerned viruses.
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INTRODUCTION

Endocytosis is a crucial mechanism in eukaryotic cells
for entry of micro and macro-molecules within the cell,
Cell-cell communication, body homeostasis, responses
to the signals and antigen presentation, cellular
adhesion and uptake of nutrients (Kaksonen and Roux
2018). Pathogens, including viruses and their toxins,
use different endocytic pathways, to have access inside
the cells. Phagocytosis and Clathrin dependent &
receptor mediated endocytosis are the most extensively
studied ones.

Clathrin, a protein composed of 3 heavy (approx. 190
kDa) & 3 light chains (25 kDa) that together forms
triskelion, a framework of pentagons and hexagons (Shi
et al., 2021). It is associated with Assembly peptides or
AP’s (Adaptor proteins). The formation of coated pits
on plasma membrane leaflet is still unclear, but it is
believed to be result of receptor aggregation process
(Duncan, 2022). The mechanism behind joining of the
ends of the coated pits from the plasma membrane and
their pinching off is still unclear (Sochacki and Taraska
2019).

Clathrin dependent & receptor mediated endocytosis
happens within the nucleated cells, primarily used by
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viruses to enter and leave host cells. This pathway is
utilized by the lipid bound ligands (Nestic et al., 2021).
This selective pathway clears cell surface bound
proteins and increases their amount in coated vesicles.
An example is the uptake of Shiga toxin from Shigella
dysenteriae L. Here, glycosphingolipid receptors help
in receptor concentration elevation and vesicles to
endocytose (Chan and Ng 2016). Various endocytic
mechanisms can be differentiated as discussed in (Fig.
1).

Viruses, derived from a Latin word which means
“poison” are major contributors to genetic diversity on
Earth. They are known as the obligate (species specific)
intracellular (functional and active only inside the host
organism) parasites with large genome size and genes
acquired from hosts. Three main lineages of +RNA
viruses are — flavivirus, picorniavirus and alpha virus
superfamilies’ based on the genes and gene
arrangements (Koonin et al.,, 2015). They possess
simple structure and complex interaction mechanisms
with host cells (Belov, 2014). They make the use of the
host cell’s metabolic machinery to form virions and
spread infection inside the host body.
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They have built the abilities to cause infection by
entering host cell, binding to surface proteins and
activating intracellular signaling pathways such as
antiviral responses, rearrangements in the cell
cytoskeleton (Herrscher et al., 2020). Still, the most
common mechanism hijacked for viral entry is
Endocytosis, which can be either Clathrin-mediated or
Caveolin- mediated (Herrscher et al., 2020). Once
inside, virion assembly transport viral components to a
specific intracellular location to complete the remaining
assembly process (Boulant et al., 2015).

This review explores virus entry into mammalian cells,
their internalization pathways, and distribution
mechanisms; especially for HPV, HBV, ZIKA and
adenovirus due to the non-availability of the potential
therapeutics against them till now to cure the patients. It
also discusses potential drugs and therapies to prevent
virus internalization, replication, and infection by the
studied viruses.

Evolution of virus to more virulent strains. The easy
entry and infection of viruses into humans can be
attributed to evolutionary pressures, such as Human
herpes virus shows convergence of phylogenetic trees
with humans. Origin of 8% of human genome from
RNA viruses, makes viruses to easily evade host (Wolf
et al., 2018). Viruses have 10x high mutation rates due
to the lack of proof-reading activity of RNA-dependent-
RNA polymerases (Khan et al., 2022). Insertions and
deletions cause high mutation with evolution. Frequent
viral infections is the disability of the human DNA
polymerase enzyme to replicate the genome, leading to
new viruses with unique properties (Humphreys, 2018).
Mechanisms of entry into host cells by various
viruses. The viral entry and its genome replication
differs based on the type of cell infected by virus, type
of viral genome and virion structures. There are two
phases included in the replication cycle of a virus —
entry and genome replication (Aksoy et al., 2017).

1. Human Papillomavirus (HPV). HPV, a non-
enveloped, ds-circular DNA viruses causing several
types of cancer such as cervical, head&neck, anal
cancer. The most studied type is HPV16, responsible
for majority of cancers (Boda et al., 2018). It causes
infection via capsid proteins — major protein (L1),
forming 72 pentamers for the capsid and minor protein
(L2), exposing N-terminal on viral capsid surface.
Thus, the initial interactions take place with the L1
protein only. It infects epithelial basal cells. It binds to
basal membrane and interacts with cell surface protein,
HSPGs or Heparan sulfate proteoglycans (Aksoy et al.,
2017). Syndecan-1 is an essential receptor for viral
attachment due to its highest expression in the
keratinocytes of the epithelium (Holzhauser, 2018). In
vivo studies have shown that furin inhibitors can
prevent HPV16 from attaching to cell surface, But in
vitro studies showed that furin is essentially required
for viral escape from the late endosomes (Aksoy et al.,
2017). There are still contradictions about the presence
of the furin on the human cell surfaces and its role in
the viral entry.

HPV16 uses pathways such as Clathrin-mediated,
caveolin-mediated or both simultaneously (DiGiuseppe
et al., 2016). Studies showed that CD151 recruitment at
Kaur etal.,,
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TEMs and its interaction with the laminin-binding
Integrins is essential for HPV16 endocytosis. The
HPV16-CD151 complex moves laterally before viral
internalization, directing virus towards cell entry
(Scheffer et al., 2013). A new endocytic pathway for
viral entry which is independent of clathrin, caveolin,
dynamin, flotillin and cholesterol and is related to
macro pinocytosis but different in terms of absence of
small & even vesicles and protrusions of membrane.
Despite extensive information on HPV16 infection, the
mechanisms of infection remain a subject of scientific
debate due to the diverse results (Schelhaas et al.,
2012).

Drugs and therapies against Human Papilloma
Virus. Cervical cancer, primarily in females, is the
leading HPV-related cancer, with 7.5% mortality in
2018 (Bray et al., 2018). Rapid screening (Pap smear)
and vaccine application have reduced death rates, but
survival rates remain low (Zhu et al., 2016). Various
agents interfering apoptosis have been implied for
cervical cancer therapy, with surgery and chemotherapy
being the standard treatments (Liu et al., 2021) (Table
1).

Advanced cancerous stage require radiation treatment
with Cisplatin-based chemotherapy (Brown et al.,
2018), while Systemic drug treatment are proven to be
less effective (Liu et al., 2021). Pembrolizumab, a
checkpoint inhibitor, has been approved against
malignant melanoma (Poole, 2014). Inhibitors -
Durvalumab (Tan et al, 2018) and drugs -
Atezolizumab, Nivolumab and Cemiplimab have
completed the Phase 111 trials.

Plant secondary metabolites. The active compounds
extracted from many edible and medicinal plants have
proven to be effective against cervical cancer (Table 2).
Compounds Extracted From Microorganisms.
Microorganisms, particularly actinomycetes, some
bacteria, and fungi, are crucial sources for discovering
new therapeutic substances with anticancer activities
(Table 3).

2. ZIKA virus. ZIKA virus, belonging to family
Flaviviridae, was first isolated from sentinel Rhesus
monkey’s blood serum at a forest, Zika, Uganda in
1947 (Polonio et al., 2017). It causes various diseases -
(Guillain-Barre Syndrome in adults) in infants and
fetuses - microcephaly. It is an enveloped virus
possessing RNA from mosquitoes. Its 10.7 kb codes for
single long structure that codes for polyprotein which is
cleaved into different components such as prM
(precursor or premembrane protein), E (envelope
protein), C (capsid protein) and 7 NS (Non —structural
proteins) Its entry mechanism is endocytosis mediated
via Clathrin, followed by conformational changes in the
viral envelope, viral fusion with the host cell membrane
and viral genome release inside the host cell. During
infection, virus attaches to GAGs via its envelope
proteins and diffuses towards the clathrin coated pits,
encapsulating it and releasing the viral genome in the
cell cytoplasm (Rumlova and Ruml 2018). The
homodimer of envelope protein make multiple
interactions with host surface receptors to increase
avidity and stronger binding (Agrelli et al., 2019).
Studies have shown that virus entry can be mediated by
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negatively charged plasma membrane lipids like
phosphatidylserine that interact with positively charged
phosphatidylserine receptors - TIM and TAM. TAMs
bind via Growth arrest specific 6 or GAS-6, also known
as protein S (Heinz and Stiasny 2017). This process is
“apoptotic mimicry” (Amara and Mercer 2015), used to
infect skin, neural, placental and endothelial cells.
Further research is needed to understand the infection
process (Tabata et al., 2016).

Drugs and therapies against ZIKA virus — Various
technologies and strategies are being developed to
develop inhibitors against ZIKA virus including— virus
replication based screening, screening of virus protein
and drug repurposing. However, no virus—specific
vaccines or therapeutic drugs are available (Alam et al.,
2017). Currently the main focus for treatment is drug
repurposing due its cost effectiveness & rapid strategy
as bioinformatics is involved (Diamond et al., 2019).
Chloroquine (1934), mefloquine, hydroxychloroquine,
amodiaquine  have shown antiviral  activities
(Delvecchio et al., 2016).

Chloroquine (CQ) has ability to reverse the phenotypic
changes by virus in the neurospheres of mouse
(Delvecchio et al., 2016). CQ blocks virus
internalization process (Zhu et al., 2017). Being FDA-
approved drug (C-class) can be beneficial towards
therapies for pregnant women (Shiryaev et al., 2017).
HCQ  (Hydroxychloroquine) has much  better
pharmacokinetic properties as compared to CQ due to
higher concentration in brain as compared to blood
plasma (Compter et al., 2021). HCQ inhibits virus entry
and also blocks protein glycosylation via alkalization of
acidic cell organelles (Faraone et al., 2020). HCQ
prevents placental damage in fetus heads and limits
ZIKA virus transmission. However, ongoing studies
are not sufficient to determine the fetotoxicity (Kaplan
et al., 2016). Mefloquine is better at crossing the blood-
brain barrier but cytotoxic against the hNPCs (Barrows
et al., 2016). Amodiaquine or AQ has shown in vivo
inhibition of ZIKA virus in mouse brain having SCID-
beige (Zhou et al., 2017). AQ works by targeting virus
at early step of entry and viral replication same as of
HCQ (Han et al., 2018), but proven to be effective
during pregnancy with toxic effects on liver and blood
(Parhizgar et al., 2017). Further investigation is still
required.

Antibiotics. Two antibiotics —macrolide and cyclic
lipopeptide, are in use (Azithromycin - AZ and
Daptomycin) without affecting pregnant women and
fetal development, but in vivo action mechanism still
need to be addressed (Li et al., 2019). AZ inhibits the
ZIKA virus production and also induces the virus-
mediated cell death (Retallack et al., 2016).
Daptomycin has inhibitory effects in Huh-7 cells but
very poor effects in the HeLa cell and JEG3 cell lines,
with  reduction in replication of virus in both the
hNSCs and hAECs (human Amnion Epithelial Cells)
(Barrows et al., 2016).

Natural products. Labyrinthopeptins (Laby Al and
A2) are the peptides working as antibiotics, produced
by bacteria — Actinomycetes specifically Actinomadura
namibiensis (DSM 6313). This peptide directly binds to
the ZIKA viral particle, leading to virolysis (Prochnow
Kaur etal.,,
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et al, 2020). The crude extracts of Dictyota
menstrualis, a Brazilian Brown Seaweed, has shown the
anti-ZIKA viral activity (Cirne-Santos et al., 2019) by
inhibiting >90% viral activity when its FAc-2 fraction
was used at concentration of 20 pg per ml and when the
fraction -6 from the same extract was used, it reduced
the adsorption of viruses on to the host cells, thus
indirectly reducing viral activity. Green tea’s flavanol
compound, EGCG i.e. Epigallocatechin gallate
(Carneiro et al., 2016) and red grapes’ Resveratrol:
reduced the foci formation by 93% and showed the
direct virucidal activity (Fong and Chu 2022).

Others — Emricasan (a selective inhibitor of pan-
caspase) inhibits the death of neural cells (Dhani et al.,
2021) but failed to stop viral replication. Inhibitor
PHA-690509 (cyclic dependent kinase) possess better
potential to inhibit the proliferation of the ZIKA virus
((Barreyro et al., 2015). 774 FDA- approved drugs
were screened and only Mefloquine, Sertraline &
Mycophenolic acid (an immunosuppressant drug)
proved to be effective against ZIKA virus in Huh-7,
JEG3 and HelLa cells (Devillers, 2018).

Associated risks still need to be investigated for
pregnant women and newborns (Yuan et al., 2017).

3. Hepatitis-B virus. HBV is an enveloped virus that
mainly infects the liver cells in humans and other
primates. The Dane particle, is infectious form, consists
of circular, partially dsSDNA molecule with polymerase
enzyme, a nucleocapsid and 3 proteins of viral
envelope— S, M and L as small, medium and large
proteins (Lamontagne, 2016). These proteins share a
common C-terminal domain - S domain, while the M
protein contains preS2 domain (N —terminal domain), L
protein consists preS1, preS2 and S domains (Pastor et
al., 2019). These are essential for viral attachment to
the hepatocytes or liver cells to cause infection. Two
non-infectious sub forms; known as SVPs (Sub viral
particles) contain envelope proteins and are secreted in
excessive quantities (Hu and Liu 2017). 25% of the
weight of these SVPs is formed by lipids like
cholesterol, cholesterol ester, phosphatidylcholine and
triglycerides. The role of these SVPs is unclear but
thought to protect the Dane particles from the host’s
humoral response and the detailed information is
lacking due to HBV’s cccDNA or existence of its viral
genome in the form of a Minichromosome. HBV
require strong binding to the highly sulfated Heparan
Sulfate Proteoglycans present abundantly on liver cells
to initiate the infection process. Recent studies show
that HBV primarily infects hepatocytes with HSPG
named Glypican (Verrier et al., 2016). The major
interaction between HSPGs on liver cells and positively
charged amino acids — Arg122 and Lys141 present of S
domain’s antigenic loop, present in all the HBVs
(Herrscher et al., 2020); promotes high affinity binding
to viral receptor. An 11 amino acid mutation (i.e.
deletion) in preS1 domain enhances the infectivity of
the HBVs, helping them to bind to various liver cell
receptors (Sargiacomo, 2018). Gene expression of
HepaRG cells has demonstrated that knocking down of
NTCP  ((Sodium  taurocholate  co-transporting
polypeptide) receptor has blocked the HBV infection
(Ni et al., 2014). Studies suggest that NTCP is not
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sufficient for infection; EGFR also facilitates HBV
internalization into host cells, accounting for low
infection rate (Iwamoto et al., 2019).

As per a study, cell polarization is an efficient
mechanism for easy cellular HBV uptake (Linfield et
al., 2021). A 2018 study revealed that a drug named
Silibinin  has inhibited the Clathrin-mediated
endocytosis of HBV particles in HepG2-NTCP cells
(Umetsu et al., 2018). Following this research, a new
study has investigated that silencing of this pathway,
dynamin-2, AP-2 has resulted in huge decline in the
HBV entry and infection (Herrscher et al., 2020).
Several studies shows that Clathrin-mediated
endocytosis is the major entry route in the hepatocytes.
Cell treatment with Bafilomycin Al (inhibitor of
vacuolar proton ATPase’s) and silencing of the
GTPases (Rab5 and Rab7) responsible for transport of
cargo from early endosomes to late endosomes and then
to lysosomes; also inhibit the HBV infection. EGFR
plays role in internalization of HBV bound to NTCP
receptor through its own endocytic/sorting pathway
(lwamoto et al., 2020).

Inhibition of HBV entry with available treatments-
Recent study has shown that extracellular vesicle
miRNAs play crucial in antiviral function, suggesting
that HBV maintains its replication by secreting anti-
HBV intracellular miRNAs, potentially offers
therapeutic advantages (Chu et al., 2022). HBIGs or
Hepatitis B Immunoglobulins of blood plasma are the
only “inhibitors of HBV entry” till now, targeted
against the AGL loop of S domain of viral envelope, as
they neutralize virions in circulation (Jhajharia et al.,
2022). However, treatment is quite expensive, time
consuming Ab purification process, limited supply due
to lack of vaccinated donors and lack of efficacy due to
mutations in the S domain’s AGL loop. “Monoclonal
antibodies” specifically targeting the PreS1 domain has
shown promising results during the preclinical trials
(Wi et al., 2017), but limited for transplantation and to
prevent mother to child transmission (Eke et al., 2017).
Alternative  approaches include blocking viral
attachment to naive hepatocytes; using HSPG substrates
like suramin, heparin, and sulfated dextrans (Herrscher
et al., 2020). Interferon alpha inducible soluble factors
bind to HSPG and inhibits the HBV binding; a novel
approach as an entry inhibitor (Xia et al., 2017).
Approaches targeting the NTCP may lead to the
removal of cccDNA and infection by the host’s immune
system, a natural hepatocyte process. NTCP substrates
such as taurocholate along with its derivatives and
Ezetimibe have been tested, but long term treatment can
have several side effects (Veloso et al., 2015).

4. Adenovirus. Adenoviruses are naked and non-
oncogenic DNA viruses, produces virions within the
host cell’s nucleus and releases them upon cell lysis.
Ad2 and Ad5 are responsible for causing respiratory
tract infections and are majorly used as vectors for gene
delivery (Ison and Hayden, 2016). Viral structure
consists of outer capsid, inner core consisting of 36 kbp
DNA molecule along with terminal proteins,
condensing proteins (V and VII) (Kulanayake and
Tikoo 2021). Viral chromosome contains 10 copies of
Cys protease (p23), connected to capsid via protein VI,
Kaur etal.,,
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stabilized by Illa, VIII, IX proteins. RGD domain and
fiber protein protruding over the virus surface aid in
virus attachment to target cell (Nemerow and Stewart
2016). Adenovirus species except B species bind to the
CAR receptor (Coxsackie virus B Ad receptor), of
prime importance for Ad entry into respiratory tract.
Human CAR is a trans-membrane protein (type-1),
folds into V-like Ig fold and C2- like fold. The viral
fibers distort the Adheren junctions and helps virus in
lumen of airways, indicating the CAR working as an
exit receptor also (Ortiz-Zapater et al., 2017).

Most recent studies have revealed that Ad2 and Ad5
makes the use of Clathrin- mediated endocytic pathway
for entry into respiratory tract epithelial cells (Huang et
al., 2015), utilizing K44A-dynamin, Eps15 and clathrin
fragments (Nestic et al., 2021). Integrins also support
viral entry as Integrin aV gets activated as Ad makes
contact with CAR on target cell surface; triggering viral
endocytosis. This activation also requires large and
small GTPases (such as Dynamin, PI3K & Racl, Rab5
and Cdc42). After endocytosis, Ad escapes from acidic
conditions to cytoplasm. It uses Protein kinase A and
MAPK/p38 pathway to boost microtubule and
dynactin/dynein — dependent transport to the target cell
nucleus; where it binds to the nuclear receptor
CAN/Nup214 (Flatt and Greber 2017). Within the
nucleus, it recruits histone protein H1 along with its
import factors — importin 7 & B (Hennig and O’Hare
2015). Recent study has revealed the use of Signal-
mediated macro pinocytosis by Ad2 and Ad5
simultaneously with Clathrin-mediated endocytosis;
depending only on PKC (Protein Kinase C) and EIPA
{Na*/H* exchange inhibitor 5-(N-ethyl-N-
isopropyl)amiloride} (Nestic et al., 2021).

Viral escape, an essential step for better infectivity,
occurs immediately after viral endocytosis. Low pH and
avPs integrin has emerged as crucial factors for the viral
escape from endosomes to cytoplasm (Kremer and
Nemerow 2015).

Treatments available against the adenoviruses.
Despite usage of adenoviruses as vectors for
development of vaccines and gene therapies, there are
no US-FDA approved antiviral drugs (Lopez et al.,
2018). This has created an urgent demand for
development of such antiviral drugs to prevent the
infections in patients receiving these treatments.
Current attractive strategy is drug repositioning
(Pushpakom et al., 2019). Using the cell based assay,
new antiviral inhibitors were identified against the
AdV3 & AdV5 in the in vitro studies (Liu et al., 2022).
These hit compounds were targeting the host factors
like Heat Shock Proteins (HSPs) mainly Hsp90, mTOR
(mammalian target of rapamycin), PTKs (protein
Tyrosine Kinases) (Liu et al., 2022). Among these
inhibitors, KPT-335 and 17-AAG were reported to play
role in the inhibition of the adenovirus replication
(Dalidowska et al., 2021).

Antivirals are involved in the inhibition of the DNA
and RNA synthesis process such as ganciclovir,
cidofovir, and ribavirin (Khanal et al., 2018). However,
Brincidofovir, conjugate of cidofovir, has received the
fast track status from FDA and is under clinical trials,
with advantages like higher cellular uptake & oral
15(5a): 681-689(2023) 684



delivery, but has caused gastrointestinal toxicity in lymphocytes are also under consideration (Florescu et
some of the patients (Ramsay et al., 2017). al., 2019).
Immunotherapies that assess the virus-specific T

Table 1: Chemotherapy involves the following drugs in use (Liu et al., 2021).

Target of the drug Drugs in use
Cell cycle drugs (non-specific) Cisplatin, Carboplatin,Oxaliplatin
Cell cycle drugs (specific) Paclitaxel, Vincristine, Gemcitabine,5-fluorouracil
Targets VEGF Bevacizumab, Sildenib, Sunitinib, Pazopanib
Targets EGFR Cetuximab, Lapatinib, Gefitinib, Erlotinib
Blocks Signal Transduction CCI-779, Gendicine
Targets Programmed Death Ligand-1 Pembrolizumab

Table 2: Source of plant secondary metabolites and their mode of action against cervical cancer.

Plant secondary metabolites against

: Activity of secondary metabolites References
cervical cancer

— Induces apoptosis via modulation of mitochondrial
pathways and ROS (Reactive Oxygen Species) Shao et al. (2018)
— Activates mTOR and protein p53

Luteoloside and Carnosic acid (obtained
from Chinese medicinal herbs)

Tanshinone IIA (extracted from Salvia | Represses HPV oncogenes

miltiorrhiza) and Realgar — Induce apoptosis via activation of p53 dependent Ding et al. (2018)
pathway
Tanshinone 1A alone (extracted from | — Cervical cancer cell death via inhibition of glucose

Liu et al. (2019)

Salvia miltiorrhiza) metabolism

Table 3: The Compounds derived from microorganisms and their mode of action in treatment against
cervical cancer.

Microorganism Compounds Anticancer activity References

Endoplasmic Reticulum
Stress  associated  Pro-
Trichothecium roseum Rosoloactone apoptotic  activity  and Zhou et al. (2017)
apoptosis via mitochondrial
pathway.

Apoptosis via mitochondrial
Penicillium sclerotiorum PSE pathway, anti angiogenic and Kuriakose et al. (2018)
antioxidant properties.

Activation of 4E-BP1 and
P70S6K (Downstream
Streptomyces sp OA293 Streptomyces metabolites signals of mTORC1 Dan et al. (2018)
inhibitor) along with
expression of Akt.

Phagocytosis Clathrin mediated Caveolin mediated
endocytosis endocytosis
Pseudopoda
"Vlrus particle Plasma membrane
Clathrin- &/ 25 \58 /> Clathrin &7/ %%\ Caveolin
E"Gmer gfh viral couied e 4 W e A 4 molecule
pseudopodia “~—p Adaptn
b ] * Lot complex
! .
Clathrin- . Caveolae-
coated T%n 5
= Ry o
Phagosome 85 Ay
iy ?n% il '
g off from .
the plasma ”C? X" ]
membrane Late '
. Endosome Euly l \ * .
S Endosome * &
— % L] 7
Fe 2N Fusion ® b * " Caveosome
-\( | 3 )\ B LI 7’
0 J4 »
Lysosome l l
Cfsled Lysosomal enzymes
Degradation of foreign Caveosome makes

particles by lysosomal direct entry into
enzymes within the Endoplasmic
lysasome Reticulum

Cytoplasm
Fig. 1. Diagrammatic representation of different endocytic mechanisms including — Phagocytosis, Clathrin — and
Caveolin - mediated endocytosis. Phagocytosis involves engulfing foreign particles through plasma membrane
invaginations, while Clathrin- and Caveolin-mediated endocytosis involves clathrin and caveolin molecules coating
mammalian plasma lemma’s inner leaflet. These processes involve endosome fusion to lysosomes, leading to
particle degradation.
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CONCLUSIONS

This review explore endocytic mechanisms and drugs
against four human viruses: Human Papilloma Virus,
Zika virus, Hepatitis B Virus and Adenovirus.
Introduction of viral genes in human hosts contribute to
viral infection spread, affecting the understanding of
endocytic mechanisms & development of viral protein
inhibitors and wvaccines. The various pathways of
endocytosis employed by the viruses to enter the host
cell, replicate and cause infection, still forms a unique
tool that is necessary to uncover the other new virus
transportation and endocytic pathways, in order to
develop a remarkable drug against the definitive virus.

FUTURE SCOPE

Diversified drugs for dissimilar diseases, are ahead in
consideration for drug repurposing due to time
consuming and laborious new drug development
process. Therefore, various plant metabolites with
multiple therapeutic properties are preferred for viral
infection treatments. They are able to produce several
synergistic effects with superior therapeutic results,
despite challenges during discovery process. The drug
ability of plant metabolites in therapeutics is a major
obstacle, influenced by pharmacokinetic parameters
such as drug absorption, distribution to target,
metabolism and elimination from body. Fortunately, the
advancement in the area of nanotechnology and novel
targeted drug delivery systems, have enlightened the
hope for developing plant metabolites as first
candidates for potential drug and treatment against viral
activities. Challenges in drug development include
plant material authentication, the necessity to develop
high-throughput screening bioassays, complications in
isolation, purification and scaling-up process of
bioactive plant-derived compounds as they are
relatively complex ones; and disappointing failures at
the clinical trials during drug development (Phu et al.,
2020).
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