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Abstractfl)

A recent outbreak of Coronavirus SARS-CoV-2 disease COVID-19 in China and the spread of
this infection are very rapid to other countries in the world. All countries worry about the
COVID-19 pandemic disease which has alarmed the medical and the scientific community
mainly because of the lethal nature of this virus infection. COVID-19 is a novel virus that is not
yet known the drugs and to cure infected patients causing fear in everyone, social problems in
the community and people who are infected. In this case, scientists and researchers have to know
the epidemiological cases of COVID-19 infection, the characteristics of SARS-CoV-2
transmission and the spread of viruses, the effectiveness of preventive measures, the nature and
life cycle of viruses, current literature advances in diagnostic development such as RT-PCR, CT-
Scan, Elisa and the development of modern and herbal drugs for the treatment of infected
patients which are viewed from the classification of antiviral drugs such as entry inhibitors,
replication inhibitors, nucleosides, nucleotides, protease inhibitors, heterocyclic drugs, including
biological therapies namely monoclonal antibodies therapy, vaccines development and herbal
formulations that have been pre-clinically tested in vitro or in the form of molecular docking and
clinical evaluation. Chemical drug molecules with prospective applications in the treatment of
COVID-19 have been included in this review.
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Introduction

The spread of infectious diseases in China in December 2019 has emerged with a very high
number of deaths and the spread of this infection also involves other countries.' Infected people
show symptoms of pneumonia which gives symptoms of SARS (Acute Respiratory Syndrome).
This infection is caused by a deadly virus in nature and produces the highest number of deaths
caused by respiratory infections. The first reported transmission of this infectious disease in
China?® and has spread to almost all other countries and between continents. The largest numbers
of cases of infection were observed in South Korea, Italy, Iran, and several cases in South Africa,
USA, and other countries including Indonesia. In recent update from WHO and other live
updates observing institute, the infection has tainted in excess of 90,000 people worldwide with
in excess of 3,000 deaths in various areas and nations. The China, the significant hit nation, alone
recorded in excess of 2,500 deaths by end of February 2020.°

The sudden emergence of the corona virus and its spread is very rapid in all countries where
WHO reported that this situation creates a pandemic situation. From the investigation results this
virus is found from bats which are commonly consumed by people in China. Early transmission
studies report that the relationship between local fish and wild animal markets in China with
most initial infections indicates the possibility of virus transmission from animals to humans and
then viruses spreading new infections mainly through human to human transmission. This
disease which caused by Corona Virus has proven and caused a very high death in the world so
that WHO has issued a statement for this virus is a pandemic disease caused by the new corona
virus, namely corona virus disease 2019 (COVID-19) or under another name severe acute
respiratory syndrome SARS-CoV-2 (Figure 1) taken based on the International Virus Taxonomy
Committee on 11 February 2020.

In Indonesia, the case of corona virus until now based on data from the Ministry of Health of the
Republic of Indonesia until March 22, 2020 reported that 514 people have been infected with this




Covid-19° Based on these data, the Indonesian government quickly responded and took
preventive measures to reduce cases of people infected with COVID-19. Until now there is no
drug or vaccine that can be proven to kill or inhibit the Covid-19 corona virus. However, the
World Health Organization (WHO) announced that governments and pharmaceutical companies
around the world are developing vaccines and drugs to fight the corona virus. More than 20
candidates for the corona virus vaccine are being developed worldwide.® Unfortunately, it seems
that the development of the vaccines took at least one year before it was completed and could be
distributed throughout the world. Meanwhile, there are several types of corona virus treatment
that have entered the stage of clinical testing both modern medicines and herbal medicines.

The emergence of this coronavirus novel suddenly and continues to spread rapidly which has led
experts to think of developing methods of rapid diagnosis for COVID-19 infectious diseases.
Specifically in Indonesia, doctors have used several existing medicines both using modern and
herbal medicines. Researchers have been directly involved from international and national
institutions at the university and ministry of health to understand the mechanism of infection,
virulence, pharmacology, and possible drug and vaccine interactions as a beginning of
development. This review discusses the literature report on progress regarding diagnostic
methods and developmental therapies with the possible use of new compounds of modern and
herbal medicines as candidates for new antiviral compounds for COVID-19 infectious diseases.

Bhe Coronaviruses

Coronavirus (CoV), a genus of the Corona viridae family, is a positive-strand RNA virus with
the largest viral genome of all RNA viruses (27-32 kb[ikausing wide range of diseases mainly
related to respiratory system and infection may vary from the common cold to more severe
respiratory diseases.” Besides that, coronavirusfEhre enveloped 80 to 160 nm particles which all
coronaviruses virion particles contain 4 or 5 structural proteins, spike (S) protein, membrane
protein (M), hemagglutinin-eterase (HE) protein, nucleocapsid (N) protein, arffli#mall envelope €
protein.® In addition, The virion structure of coronaviruses consists of the S glycoprotein forms
the large, petal-shaped spikes on the surface of the virion having 180 to 200 KDa molecule that
is cotranslationally glycosylated in the endoplasmic reticulum (Figure 2).°

EFre are 2 infectious diseases that occur recently which are caused by Coronavirus namely
middle east respiratory syndrome (MERS-CoV) and severe acute respiratory[8yndrome (SARS-
CoV).”'” In the end of 2019 a new coronavirus (nCoV) was discovered is a new strain of
coronavirus that has not been found in previous events in humans. For example zoonoses that
indicate this virus is found in animals and then transmitted from animals to humans."' Some of
these coronaviruses can cause disease in humans and many other viruses such as dogs and cat
viruses are known to only infect animals and recently the corona virus has infected humans and
can infect humans spread through human-to-human transmission. This case is thought to occur in
a new coronavirus that causes COVID-19 disease.

COVID-19 symptoms and infection transmission

COVID-19 can spread rapidly through transmission of infection from humans to other people
both in people who have symptoms or are asymptomatic or carrier. In people infected with this
virus easily spread through breathing when the patient coughs or sneezes. Transmission in
certain cases is usually found in the closest people where transmission so far can be through the




air.!> Meanwhile, in cases without symptoms, people who have the SARS-CoV-2 virus are
infected by people who shake hands or surface contamination with their hands such as coughing
and sneezing. This manual transmission can also spread if the patient has symptoms. In addition,
vertical transmission of the virus from mother to child has not been observed according to
research conducted by H. Chen et al in a small group of pregnant women. They suggest the
absence of COVID-19 interauterine vertical transmission from unborn mothers. The emergence
and the spread of this new virus, focused on the increase in human populations as the main
factor. This increase shows that population density increases the likelihood of transmission of
new infections due to an increase in humans which causes proximity of the population which
rarely results in auto-separation or reduction of infection.'?

In summary, these and other researchers have determined that nCoV-2019 is transmitted from
person to person when a person comes into contact with the secretions of an infected person.
This means the virus is transmitted via coughing, sneezing, shaking hands, touching infected
object then touching eyes, mouth or nose, and handling the waste of an infected person.'

Symptoms of patients infected with COVID-19

Symptoms of COVID-19 are indicated by the occurrence of respiratory distress similar to severe
acute respiratory syrfgjtoms which marked respiratory infections on COVID-19 patients
including runny nose, fever FJough, shortness of breath, sore throat, and mild to moderate upper
respiratory tract illness. In severe cases, patients can experience pneumonia, acute respiratory
syndrome (SARS), kidney failure and even death in many cases. There are many people who do
not show symptoms of being infected with COVID-19 but only as carriers of this virus because
that person has a good immune system so this virus cannot infect these patients but can infect
others whose immune systems are low.'

In clinical research studies conducted by Guan, et al. showed a pattern of various diseases in
which the middle-aged infected patients studied were 47 years indicating an infection in people
of all ages.'® Furthermore, of the total patients studied, 41.9% were women showing no gender
differences in the spread of infection on all patients. The report states that the primary composite
endpoint occurred in 6% of patients. Whereas in Indonesia, data show similar cases that occur
with residents of Wuhan city, there is no gender difference in people infected with COVID-19
which data showed the highest death rates until 20 March 2020 showing 8.4% of patients.!”!8
Meanwhile, the elderly and young children are most at risk from the infection. This is similar to
SARS, though it appears nCoV-2019 is less lethal than SARS and MERS. Around 15 to 20% of
cases can become severe. The lethal rate is about 1 in 10 according to doctors. The nCoV-2019
virus, just as was SARS and MERS, is an enveloped virus. This means the virus is protected by a
glycoprotein shell. This is why these viruses are so difficult to treat."

The general symptoms which experienced by some patients are coughing and fever but some
patients also do not experience fever symptoms. It means that the patient can infect other patients
without symptoms (43.8% at admission and 88.7% during hospitalization) and almost two-thirds
of patients experience coughing (67.8%). Blood tests show lymphocytopenia showing the level
of lymphocytes is low and abnormal in the majority of patients around 83.2% which are admitted
to the hospital. In addition, diarrhea is uncommon in most patients, only about 3.8% of patients
experience diarrhea. These symptoms were observed for 2 to 7 days? in which the incubation




period of infection progressed for 4 days with an interquartile range of 2 to 7 days in all
patients.”!

Preventive measures

All countries including Indonesia need the preventive measures in overcoming the spread of
COVID-19 as a pandemic disease which there is no known availability of emergency medicines
or vaccines as therapies for COVID-19. Therefore, handling of infected patients has been
recommended as one step to control the rampant spread among people and is difficult to force
the isolation of infected patients because this causes many social problems. Like many reports in
the Indonesian media, the practice of forced confinement of infected people at home is very
difficult to be done by health workers and the police. Isolation is very limited because the
availability of medical care equipment is incomplete in hospitals where a better and ethical place
of control for treating infected people with COVID-19.2? In this direction, appropriate research
studies must be carried out to understand the best approach in infection prevention including
assessing whether Indonesia is able to slow the spread of COVID-19 to infected people.”

In Indonesia, masks and hand sanitizers are widely used in preventing the transmission of
COVID-19. Medical masks can help to prevent direct exposure to liquid droplets from infected
people who are sneezing and always wash or clean their hands with a hand sanitizer. While in
other cases with the use of an improper mask can cause an increased risk of transmission of
infection which especially infections from people without symptoms and through infected people
on surface exposure poses a higher risk of transmission than people who do not properly use a
mask 2* This occurs because people who wear a mask can touch the mask itself and the mouth or
face part more often than people who do not use masks. This frequent touching of mouth and
face part pose higher possibility of reaching of virus to person’s respiratory system on exposure
of hands with contaminated surfaces (in shops, malls, buses, and other public places) or hand
shake with asymptomatic person. So, care should be taken to avoid frequent touching of own
face particularly mouth, nose and eyes (whether wearing mask or not).>>

The standard procedures which are recommended for preventing the spread of infection are more
effective in controlling the spread and keeping things safe. The most important include washing
hands after visiting public places will keep the virus (even if it touches a contaminated surface)
from being transmitted to other people or infected people by covering their mouths and nose
when coughing and sneezing to prevent spread especially if people experience asymptomatic or
in the early stages of infection.??” Besides that, cooking food [operly like meat, eggs, and food
from animals can destroy the virus. In practice, one must avoid close contact with anyone
showing symptoms of respiratory illnesses such as cough, flu, asthma, pneumonia, and
tuberculosis. Therefore, this simple precaution can be carried out effectively in controlling the
spread and holding the virus itself.

Life cycle of SARS-CoV-2 (COVID-19) virus and infection

Novel Coronavirus 2019 (COVID-19) has a life cycle mechanism consisting of 3 parts, namely
entry, rﬂfication and release which can be seen in Figure 3.

Firstly, ¥ftfection begins when the viral spike (S) glycoprotein attaches to its complementary host
cell receptor. After attachment, a protease of the host cell cleaves and activates the receptor-
attached spike protein. Depending on the host cell protease available, cleavage and activation




allows cell the entry by endocytosis or direct fusion of the viral envelop with the host
membrane.”

On entry into the host cell, the virus particle isuncoated, and its genome enters the cell
cytoplasm.?’ The coronavirus RNA genome has a 5’-methylated cap and a 3'-polyadenylated tail,
which allows the RNA to attach to the host cell's ribosome for translation.* The host ribosome
translates the initial overlapping open reading frame of the virus genome and forms a
long polyprotein. The polyprotein has its own proteases which cleave the polyprotein into
multiple nonstructural protf:iﬁ31

Secondly, coronaviruses do replication and transcription of RNA from an RNA strand by the

Blechanism of SARS-CoV-2 replication in away (Figure 3):*

1. With their S-protein, coronaviruses bind on cell surface molecules such as metalloprotease
amino peptidase having HE-protein can also bind in N-acetyl neuraminic acid as co-receptor.

2. Virus gets into the host cell by fusion of viral and cell membrane or by receptor mediated
endocytosis in that the virus is incorporated via an endosome, which is subsequently acidified
by proton pumff.

3. Coronaviruses have a single positive stranded RNA genome, they can directly produce their
proteffEl and new genomes in the cytoplasm.

4. The negative strand serves as template to transcribe smaller subgenomic positive RNAs
@lhich are used to synthesize all other proteins.

5. The protein N binds genomic RNA and the protein M is integrated into the membrane of the
endoplasmic reticulum (ER) like the envelope protein S and HE. After binding, assembled
nucleocapsids with helical twisted RNA budd into the ER lumen and are encased with its
membrane.

6. The viral progeny are finally transported by golgi vesicles to the cell membrane and are
exocytosed into the extracellular space.

Thirdly, The replicated positive-sense genomic RNA becomes the genome of the progeny
viruses. The mRNAs are gene transcripts of the last third of the virus genome after the initial
overlapping reading frame. These mRNAs are translated by the host's ribosomes into the
structural proteins and a number of accessory proteins.’' RNA translation occurs inside
the endoplasmic reticulum. The viral structural proteins S, E, and M move along the secretory
pathway into the Golgi intermediate compartment. There, the M proteins direct most protein-
protein interactions required for assembly of viruses following its binding to
the nucleocapsid.’” Progeny viruses are then released from the host cell by exocytosis through
secretory vesicles.™

Diagnosis

The proper diagnosis for COVID-19 infection must be made first when finding the initial
symptoms as described above and the treatment initiative factor. The difference in COVID-19
from the common cold is essential for everyone to know for proper treatment. Sometimes the
results of preliminary examinations in infected people do not provide a clear diagnosis of
COVID-19 infection. In general, doctors usually consider the patient's travel history by looking
at the symptoms that exist such as cough, flu, fever and others. The initial intervention, sputum
examination and other diagnostic tests help in determining the right early infection. Possibly the
number of days from the first day of infection is taken at the laboratory to recommend individual
diagnostic tests such as:




RT-PCR 1]

The standard technique for determination is by reverse transcription polymerase chain reaction
(rRT-PCR) from a nasopharyngeal swab or sputum sample, with results inside a couple of hours
to 2 days.*

ELISA
Antibody assays can also be used, using a blood serum sample, with results within a few days.”

CT-Scan

The contamination can likewise be analyzed from a mix of side effects, chance elements, and a
chest CT scan demonstrating highlights of pneumonia.*® The fundamental diagnosis reports from
medical clinics in China show that the majority of COVID-19 infected patients were determined
with pneumonia and trademark CT imaging patterns,’’ radiological assessments have become
imperative in early determination and appraisal of disease course.*® CT scan of various COVID-
19 contaminated patients differed in pattern®” and almost 50% of patients could be discovered of
disease from pictures. On admission to emergency clinics, the ground-glass haziness was the
most widely recognized radiologic finding on chest figured tomography (CT)* of 56.4% of
patients.** The longitudinal CT discoveries of a COVID-19 infected patient with pneumonia
demonstrated sorted out example of CT images in follow up check over the course of treatment.
Besides that, it was seen that numerous patients did not have strange radiologic findings.*!

Treatments of COVID-19

There is an urgent demand from WHO and various countries in the world for new COVID-19
disease treatment therapies. The deadly nature of the spread of this virus produces fear in
everyone. Infection caused by this disease in the form of acute respiratory disease (SARS) which
can cause death and there is no drug that is scientifically proven to kill this new virus. Each
country can only do reducing the spread of infectious diseases by physical distancing and
maintaining cleanliness of the body. International organizations such as WHO have invited
researchers around the world to find vaccines, new drugs and diagnostic development for SARS-
CoV-2 and COVID-19. The Director General of WHO has prioritized the main research to
prevent the spread of COVID-19 by developing new drug candidate both modern and herbal
medicines for therapy and diagnosis that are easily applied to identify active infections,
asymptomatic and resolved infections of COVID-19.?

The mechanism of viral infection is the entry of the virus into cells and multiplication using a
host cellular mechanism that is characterized by damage to the host cell as a key for the
development of new drug compound therapies. To date, there is no definitive and recommended
therapy for COVID-19 due to new virus which is caused a viral infection and the curative
therapy for COVID-19 is an antivirus. However, all antivirals used in COVID-19 therapy in
almost all countries are still in the form of trial and error. Some of them refer to antiviral therapy
that was used during the SARS and MERS epidemic several years ago, for example using
lopinavir, ritonavir, ribavirin, oseltamivir, and others. These drugs have been used and were quite
effective in dealing with SARS and MERS during the past epidemic. Likewise in Indonesia,
there are no definitive guidelines for dealing with COVID-19 and only rely on existing drug
preparations, for example oseltamivir which is currently widely used in dealing with COVID-19.
With the start of the COVID-19 outbreak in China, Indonesia has tried to refer to China




regarding the drugs used, including chloroquine and Avigan. Some prospective drugs are
considered to direct current applications or the development of new therapeutic drugs including
modern and herbal medicines includes:

Entry inhibitors

The SARS-CoV-2 virus infects the respiratory system and alveoli cells in the lung sac which will
become host for the viral infection. In general, viruses enter the host cell by forming a complex
between the virus projections (crown such as spikes or lobes) with receptors on the host cell.
Whereas the exact structure of the spike*? or lobe virus and receptors on host cells for SARS-
CoV-2 is not yet fully known but prior experience of coronavirus (f-family) is responsible for
SARS infeffdbn and has similarities in the form of entry in host cells** Recently it has been
found that Angiotensin-converting enzyme EBJACE2) is a cellular receptor for the SARS corona
virus, (SARS-CoV) and (SARS-CoV-2)4 Angiotensin-converting enzyme 2 (ACE2) has some
homology with angiotensin-converting enzyme (ACE) but not inhibited by ACE inhibitors. A
previous SARS case was characterized by an infection that was started by a transmembrane (S)
spike in glycoproteins which binds to the host receptor and combines viruses and cell
membranes. The identification of the viral / spikes lobes molecular structure will take time, but
the development of facilitated heterocyclic drug molecules or existing heterocyclic screening
may be able to bind the entry inhibitor drug.*’

Replication inhibitors

[Bhe corona virus is an RNA virus utilizing host cells for genomic replication which encodes the
RNA-dependent protein polymerase (RdRp), which allows the viral genome to be transcribed
into new RNA copies using host membrane cells. The viral genome replication mechanism
serves potential targets for the control of viral infections then nucleoside analogues and potential
polymerase inhibitors used as antiviral drugs* can be potentially effective with SARS-CoV-2.
RNA polymerase inhibitors such as Remdesivir and Favipiravir (Avigan) (Figure 4A and 4B)
which is a nucleotide adenosine analogue antiviral for Ebola virus and other array RNA viruses
and have shown promising results in clinical control of SARS-CoV-2 pneumonia in cell culture
in vitro and certain clinical cases.!” This requires more evaluation further from potential
applications with more patients. Many other nucleoside analogues including DNA synthesis
inhibitors such as tenofovir, disoproxil, lamivudine and other antivirals have the potential to
inhibit the multiplication of SARS-CoV-2 viruses and are being evaluated through molecular
docking studies*® and testing in infected cell culture.

Avigan is the patent name for favipiravir, also known as T-705, an antiviral drug developed by
Toyama Chemical (Fujifilm group) of Japan with actiffly against many RNA viruses. In Japan,
this drug was originally developed as a cold medicine. In February 2020, Favipiravir was used in
China for trials of emerging COVID-19 (novel coronavirus) disease. The mechanism of action of
favipiravir is by selective inhibition of viral RNA [Blymerase so that it inhibits viral RNA
synthesis (Figure 5).* Other studies have shown that favipiravir induces mutant of RNA
transversion mutations, resulting in a viable viral phenotype. Favipiravir is a produ@ that is
metabolized by human hypoxanthine guanine phosphoribosyltransferase (HGPRT) into its active
form, namely favipiravir-ribofuranosf§5-triphosphate (favipiravir-RTP). This drug is available
in oral and intravenous formulations. Favipiravir does not inhibit the synthesis of RNA or DNA
in mammalian cells and is not toxic to them. In 2014, favipiravir was approved in Japan as a




backup drug against influenza pandemics and to treat a type of virus that was not responsive to
antiviral at the time. During this COVID-19 pandemic, in a limited clinical trial with 80 subjects,
favopiravir showed an antiviral potential for SARS-CoV-2 that was better than lopinavir /
ritonavir.®® In March 2020, the Chinese Government stated that favipiravir appeared to be
effective in overcoming COVID-19.

Protease inhibitors

In the maturation phase of viral replication in the host cell involves the enzyme protease which is
associated with proteins and peptides. Lopinavir and ritonavir (Figure 4C, 4D) are anti-HIV
drugs that have been approved and a combination of both has shown potential drug compounds
in the inhibition of SARS-CoV-23'"? According to Lim J, et al. stated the treatment of COVID-
19 patients in Korea using lopinavir/ritonavir to patients showed interesting results which -
coronavirus was encapsulated and cause a significant decrease and was absent or few
coronavirus titers were observed.’> This study was conducted in a single patient which detailed
analysis is needed to recommend as a candidate for new drug compounds. Molecular docking of
potential inhibitors can provide clear information because detailed docking simulation results
have shown important input in previous SARS cases and other viral infections.>*5% However,
both of them still need a lot of clinical data to prove the efficacy and safety in the human body.

Heterocyclic anti-viral

Many heterocyclic drug molecules have been used in the treatment of viral infections in the past
and are thought to be probably slightly effective in inhibiting SARS-CoV-2. Chloroquine was
originally a drug used to treat malaria as an antiplasmodium. This drug is a druff8ontaining a
quinoline group (Figure 4E) that works by inhibiting the activity of the enzyme heme
polymerase which converts heme into hemozoin, resulting in the accumulation of free heme.
This accumulation of heme causes death of the Plasmodium parasite that causes malaria.’
However, with the decrease in malaria and the emergence of plasmodium resistance to
chloroquine, chloroquine is no longer used as an antimalarial drug.

It turns out that chlofflquine (and hydroxychloroquine) can also be used for antiviral therapy.
Vincent et al (2005) reported that chloroquindhas a strong antiviral effect against the SARS-
CoV virus in primate cells. This inhibitory effect is observed when cells are treated with
chloroquine both before and after exposure to the virus, which shows that chloroquine has both a
preventive and therapeutic effect. In addition, to what is known that chloroquine increases
endosomal pH which inhibits viral replication and appears to interact with cellular angiotensin-
converting enzyme 2 (ACE2) receptors (Figure 6).3” These causes inhibitions of the binding of
the virus with the receptor which prevent infection and spread of the SARS-CoV-2 virus at
concentrations that can cause clinical symptoms. In the SARS-CoV-2 pandemic in China,
chloroquine was used at a dose of 500 mg for adult 2 times a day, duration of therapy <10 days.™®
Chloroquine (and hydroxychloroquine) is also currently being tried in Malaysia at the same
dosage used in China and also in Indonesia.

Meanwhile, there are several other heterocyclic antiviruses that have been used as antivirals such
as HIV, HIN1, HINS and SARS, all of which will be further investigated to deal with SARS-
CoV-2. Oseltamivir (Tamiflu) which has been widely used as a neuraminidase inhibitor for the
treatment of influenza and has been recommended for symptoms of COVID-19.% In addition,




other candidate compounds that can be evaluated and potentially have antiviral activity against
SARS-CoV-2 are compounds other than heterocyclic based on angiotensin converting enzyme 2
(ACE2) peptides namely 3CLpro inhibitors (3CLpro-1) and vinysulfondfJotease inhibitors.®’

According to Gautret et al. also stated that the d§Phbination of hydroxychloroquine and
azithromycin as a treatment of COVID-19 showed it is significantly associated with viral load

reduction on clinical study even though small sample size .’

Nano drug delivery systems

Drug delivery systems in the form of nanoparticle preparations have been widely used to
improve the bioavailability of drugs in the blood and deliver drugs as antiviral especially
nucleoside analogues which are conjugated with potential delivery systems that have been
applied in resistant HIV infection drugs %> Amount of drugs accumulated in the nano delivery
system can be used as a new drug in the formulation development which is capable to deliver
drugs with a faster therapeutic index for COVID-19.5°% One example of deliv@@y of nano
treatment can be seen in the efficacy of chloroquine against COVID-19 as inhibitor of
nanoparticle endocytosis through macrophages. Therefore, chloroquine decreases the
accumulation of synthetic nanoparticle of various sizes (14-2,600 nm) and is spherical and
discoidal in cell lines.*’

Biological therapeutics

Antibody therapy is very possible for the treatment of COVID-19 infections. However, the
discovery of this vaccine still requires a long time around 1 year and temporarily can use several
treatment options to prevent the spread of COVID-19. According to Tian et al reported that
SARS-CoV-2 specific human monoclonal antibodies such as CR3022 whicffre intended to bind
strongly to SARS-CoV-2 RBD (KD 6.3 nM).”” Reported CR3022 epitope does not overlap with
the ACE2 binding site in SARS-CoV- 2 RBD. These unique binding results indicate the
possibility that CR3022 can be developed as a therapeutic candidate in its own way or in
combination with other antibodies. However, in vitro trials and clinical studies are needed to
obtain accurate clinical data for the prevention and treatment of COVID-19 infections.”

In developing a new vaccine one must pay attention to the similarity of immunogenic structural
proteins with COVID-19 such as SARS, MERS which has been used before to be used for
SARS-CoV-2."! According to Ahmed et al stated that his work had identified a set of B cells and
T cell epitopes that derived from spikes (S) and nucleocapsid proteins (N) that can map
identically with the SARS-CoV-2 protein.” Reports suggested that the identified epitope has no
mutase in the SARS-CoV-2 sequence that was available. So this target immune epitope has the
potential to be explored in the fight against the SARS-CoV-2 virus which the glycoprotein spike
of SARS-Cov-2 has antigenicity. This is the direction of developing a new vaccine against
SARS-CoV-2. However, the final results will depend on in vitro and future clinical trials.”

Blerbal drugs

Several anti-SARS agents have been tested for coronavirus-specific therapy, however, an
effectiyy) SARS antiviral therapy has not yet been established.”*”> Some modern drugs have
shown a broad antiviral activity which is most frequently administered as a SARS-antiviral agent
in combinatih with antibacterial drugs. However, this has little activity against SARS-CoV in
vitro having specific monoclonal antibodies, pegylated interferon-a, siRNA, and several protease




inhibitors have also been tested against SARS-CoV.”® Therefore, some researchers in the world
particularly Indonesia have utilized herbal drugs to test several candidates of active compounds
which are derived from plants or herbs.

According to UI and IPB researchers stated that they have conducted research originating from
several plants in Indonesia which chemical compounds contained in these plants could
potentially prevent COVID-19 infection in the form of molecular docking in silico.”” The model
of research that has been done can be seen in Figure 7. Based on the results of prediction models
with machine learning methods (SVM, random forest and MLP neural network) associated with
20644 interactions of protein compounds. The results are 31 herbal compounds with 5 target
proteins 3CLPro, PLPro, Spike-ACE2, EIF4 and RdRp. Modeling of structure and ligand based
pharmacophores was performed virtual screening with 1,377 compounds from the HerbalDB
database.”” The results of compound hits from machine learning and pharmacophore mapping
were confirmed using molecular docking.

Guava (Psidium guajava) with pink flesh contains active compounds including myricetin,
quercetin, luteolin, kaempferol, isorhamnetin™, and hesperidin™. Luteolin is known as a furin
protein inhibitor®® which is assumed as one of the enzymes that break down the Corona virus S
(spike) protein as in MERS into units S1 and S2.%' In the S1 unit, there is a binding domain
receptor (RBD) where the ACE2 peptidase binds so that the virus can bind to the hf cell.*' The
Hesperidin / hesperitin compound in the silico study is known to inhibit the RBD domain
binding of the SARS-EA V-2 Spike protein with ACE2 receptors in humans so that it is predicted
to potentially inhibit the entry of the SARS-COV-2 virus.®* It is also known that luteolin is a
neuramidase inhibitor as well as oseltamivir which is currently one of the drugs used in the CDC
protocol.

Hesperidin (a form of hesperidin aglycone) and Quercetin are also known to act as inhibitors of
3CLpro virus proteins®*#* Other compounds in guava such as myricetin are known to act as
SARS coronavirus helicase inhibitors.® The kaempferol has the potential to be a non-
competitive inhibitor of 3CLPro and PLpro as well as quercetin.*® Another interesting thing is
kaempferol acts as a modulator of autophagy, both as an inducer and inhibitor, both of which can
be utilized in strategies to inhibit the SARS-COV-2 virus.

Meanwhile, Indonesia is also famous for its variety of cooking condiments which are derived
from plants. One of the commonly used condiments for cooking or herbal medicine for
Indonesian people is empon-empon consisting of ginger, turmeric, galangal, curcuma and
lemongrass. It is not only herbs but also animals such as snakehead fish which can improve
immune system in the body due to high protein and amino acids.’”® According to researchers
from UNAIR stated that the approach that can be taken in the public by consuming empon-
empon to improve the immune system to avoid COVID-19.

Herbs containing curcumin and turmeric have been consumed and proven by Indonesian people
for centuries and to be safe and beneficial to health. For example maintaining health, fitness /
vitality, and maintaining liver and digestive health based on empirical experimental evidence.
Both ginger and turmeric contain hundreds of bioactive compounds, one of which is curcumin.
Various studies have been carried out in the world in vitro and preclinical test showing that




curcumin is anti-inflammatory, antiviral, antibacterial, antifungal and antioxidant based on
scientific evidence.

One of the benefits of curcumin obtained from clinical trials is to increase the body's immune
system or act as an immune-modulator. Recent research on curcumin against the SARS-CoV-2
virus which is an @Bnt or cause of COVID-19 disease shows that the SARS-CoV-2 receptor is
an enzyme called Angiotensin Converting Enzyme-2 (ACE2) found in host cells (human cells
esp@ially alveolus cells in the lung). However, the cell entry of the virus not only depends on
the binding of the spike virus protein to the receptor on the host cell (ACE2) but also on the pad
priming protein spike by the host cell protease (TMPRSS2). Functionally there are 2 forms of
ACE2, the fixed form attached to the cell surface and the free-form soluble form in the blood.
The soluble form ACE2 is projected to be one of the SARS-CoV-2 antivirus candidates through
a competitive interceptor mechanism that prevents bonding between virus particles and ACE2 on
the surface of the host cell. In addition, bio-informatics research published in March 2020 and
recent literature has mentioned curcumin as one of the SARS-CoV-2 antiviral candidates, it is
expected that curcumin in ginger and turmeric can increase the expression of ACE2 in the form
of soluble which can inhibit the bonding between the viral protein and the fixed form ACE2
found on the surface of the host cell.”!

Conclusion

The sudden outbreak of COVID-19 in Wuhan, China made all countries in the world panic
because it spread very quickly and killed many people so that WHO issued a statement that this
disease is a pandemic that threatens the lives of many people. Therefore, every country has an
obligation to protect its people by providing an education protocol to prevent the spread of
COVID-19. In many new cases, clinical staff gain infected from patients who visit hospitals so
that infected cases increase the spread of the virus through human-to-human transmission,
creating an urgent need for the development and approval of a standard therapy protocol
including structural details and a complete life cycle of the virus, preventing the spread of the
virus, adequate virus testing tools to ensure SARS-CoV-2 infection. Several drugs that have been
evaluated for the treatment of COVID-19 show promising results for clinical applications such as
chemical and herbal medicines that have been clinically tested in reducing this novel viral
infection and assisting a number of patients in safe recovery from COVID-19. Furthermore, as
knowledge about SARS-CoV-2 advances, new therapies including vaccines and monoclonal
antibodies can be found in the near future. So far, effective treatments for COVID-19 are
unknown but potential therapeutics can be found from clinical evaluation of existing antiviral
drugs are being researched and continued against new coronaviruses.
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Abstract

A recent outbreak of Coronavirus SARS-CoV-2 disease COVID-19 in China and the spread of this
infection are very rapid to other countries in the world. All countries worry about the COVID-19
pandemic disease which has alarmed the medical and the scientific community mainly because of the
lethal nature of this virus infection. COVID-19 is a novel virus that is not yet known the drugs and to
cure infected patients causing fear in everyone, social problems in the community and people who are
infected. In this case, scientists and researchers have to know the epidemiological cases of COVID-19
infection, the characteristics of SARS-CoV-2 transmission and the spread of viruses, the effectiveness
of preventive measures, the nature and life cycle of viruses, current literature advances in diagnostic
development such as RT-PCR, CT- Scan, Elisa and the development of modern and herbal drugs for
the treatment of infected patients which are viewed from the classification of antiviral drugs such as
entry inhibitors, replication inhibitors, nucleosides, nucleotides, protease inhibitors, heterocyclic drugs,
including biological therapies namely monoclonal antibodies @[rapy, vaccines development and
herbal formulations that have been pre-clinically tested in vitro'or-in the form of molecular docking
and clinical evaluation. Chemical drug molecules with prospective applications in the treatment of
COVID-19 have been included in this review.

Keywords: COVID-19, antiviral, infection, herbal, modern drugs, pandemic

Introduction

The spread of infectious diseases in China in December 2019 has emerged with a very high number of
deaths and the spread of this infection also involves other countries.! Infected people show symptoms
of pneumonia which gives symptoms of SARS (Acute Respiratory Syndrome). This infection is
caused by a deadly virus in nature and produces the highest number of deaths caused by respiratory
infections. The first reported transmission of this infectious disease in China? and has spread to almost
all other countries and between continents. The largest numbers of cases of infection were observed in
South Korea, Italy, Iran, and several c in South Africa, USA, and other countries including
Indonesia. In recent update from WHO other live updates observing institute, the infection has
tainted in excess of 90,000 people worldwide with in excess of 3,000 deaths in various areas and
nations. The China, the significant hit nation, alone recorded in excess of 2,500 deaths by end of
February 2020.3

The sudden emergence of the corona virus and its spread is very rapid in all countries where WHO
reported that this situation creates a pandemic situation. From the investigation results this virus is
found from bats which are commonly consumed by people in China. Early transmission studies report
that the relationship between local fish and wild animal markets in China with most initial infections
indicates the possibility of virus transmission from animals to humans and then viruses spreading new
infections mainly through human to human transmission. This disease which caused by Corona Virus
has proven and caused a very high death in the world so that WHO has issued a statement for this virus
is a pandemic disease caused by the new corona virus, namely corona virus disease 2019 (COVID-19)
or under another name severe acute respiratory syndrome SARS-CoV-2 (Figure 1) taken based on the
International Virus Taxonomy Committee on 11 February 2020.4

In Indonesia, the case of corona virus until now based on data from the Ministry of Health of the
Republic of Indonesia until March 22, 2020 reported that 514 people have been infected with this
Covid-19.> Based on these data, the Indonesian government quickly responded and took preventive
measures to reduce cases of people infected with COVID-19. Until now there is no drug or vaccine
that can be proven kill or inhibit the Covid-19 corona virus. However, the World Health
Organization (WHO) ounced that governments and pharmaceutical companies around the world
are developing vaccines and drugs to fight the corona virus. More than 20 candidates for the corona
virus vaccine are being developed worldwide.® Unfortunately, it seems that the development of the
vaccines took at least one year before it was completed and could be distributed throughout the world.
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Meanwhile, there are several types of corona virus treatment that have entered the stage of clinical
testing both modern medicines and herbal medicines.

The emergence of this coronavirus novel suddenly and continues to spread rapidly which has led
experts to think of developing methods of rapid diagnosis for COVID-19 infectious diseases.
Specifically in Indonesia, doctors have used several existing medicines both using modern and herbal
medicines. Researchers have been directly involved from international and national institutions at the
university and ministry of health to understand the mechanism of infection, virulence, pharmacology,
and possible drug and vaccine interactions as a beginning of development. This review discusses the
literature report on progress regarding diagnostic methods and developmental therapies with the
possible use of new compounds of modern and herbal medicines as candidates for new antiviral
compounds for COVID-19 infectious diseases.

The Coronaviruses

Coronavirus (CoV), a genus of the Corona viridae family, is a positive-strand RNA virus with the
largest viral genome of all RNA viruses (27-32 kb) causing wide range of diseases mainly related to
respiratory system and infection may vary from the common cold to more severe respiratory diseases.’
Besides that, coronaviruses are enveloped 80 to 160 nm particles which all coronaviruses virion
particles contain 4 or 5 structural proteins, spike (S) protein, membrane protein (M), hemagglutinin-
eterase (HE) protein, nucleocapsid (N) protein, and small envelope € protein.® In addition, The virion
structure of coronaviruses consists of the S glycoprotein forms the large, petal-shaped spikes on the
surface of the virion having 180 to 200 KDa molecule that is cotranslationally glycosylated in the
endoplasmic reticulum (Figure 2).8

There are 2 infectious diseases that occur recently which are caused by Coronavirus namely middle
east respiratory syndrome (MERS-CoV) and severe acute respiratory syndrome (SARS-CoV).%1% In
the end of 2019 a new coronavirus (nCoV) was discovered is a new strain of coronavirus that has not
been found in previous events in humans. For example zoonoses that indicate this virus is found in
animals and then transmitted from animals to humans.!! Some of these coronaviruses can cause
disease in humans and many other viruses such as dogs and cat viruses are known to only infect
animals and recently the corona virus has infected humans and can infect humans spread through
human-to-human transmission. This case is thought to occur in a new coronavirus that causes COVID-
19 disease.

COVID-19 symptoms and infection transmission

COVID-19 can spread rapidly through transmission of infection from humans to other people both in
people who have symptoms or are asymptomatic or carrier. In people infected with this virus easily
spread through breathing when the patient coughs or sneezes. Transmission in certain cases is usually
found in the closest people where transmission so far can be through the air.'> Meanwhile, in cases
without symptoms, people who have the SARS-CoV-2 virus are infected by people who shake hands
or surface contamination with their hands such as coughing and sneezing. This manual transmission
can also spread if the patient has symptoms. In addition, vertical transmission of the virus from mother
to child has not been observed according to research conducted by H. Chen et al in a small group of
pregnant women. They suggest the absence of COVID-19 interauterine vertical transmission from
unborn mothers. The emergence and the spread of this new virus, focused on the increase in human
populations as the main factor. This increase shows that population density increases the likelihood of
transmission of new infections due to an increase in humans which causes proximity of the population
which rarely results in auto-separation or reduction of infection.!?

In summary, these and other researchers have determined that nCoV-2019 is transmitted from person
to person when a person comes into contact with the secretions of an infected person. This means the
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virus is transmitted via coughing, sneezing, shaking hands, touching infected object then touching
eyes, mouth or nose, and handling the waste of an infected person.'*

Symptoms of patients infected with COVID-19

Symptoms of COVID-19 are indicated by the occurrence of respiratory distress similar to severe acute
respiratory symptoms which marked respiratory infections on COVID-19 patients including runny
nose, fever, cough, shortness of breath, sore throat, and mild to moderate upper respiratory tract
illness. In severe cases, patients can experience pneumonia, acute respiratory syndrome (SARS),
kidney failure and even death in many cases. There are many people who do not show symptoms of
being infected with COVID-19 but only as carriers of this virus because that person has a good
immune system so this virus cannot infect these patients but can infect others whose immune systems
are low.!3

In clinical research studies conducted by Guan, et al. showed a pattern of various diseases in which the
middle-aged infected patients studied were 47 years indicating an infection in people of all ages.!®
Furthermore, of the total patients studied, 41.9% were women showing no gender differences in the
spread of infection on all patients. The report states that the primary composite endpoint occurred in
6% of patients. Whereas in Indonesia, data show similar cases that occur with residents of Wuhan city,
there is no gender difference in people infected with COVID-19 which data showed the highest death
rates until 20 March 2020 showing 8.4% of patients.!”!® Meanwhile, the elderly and young children
are most at risk from the infection. This is similar to SARS, though it appears nCoV-2019 is less lethal
than SARS and MERS. Around 15 to 20% of cases can become severe. The lethal rate is about 1 in 10
according to doctors. The nCoV-2019 virus, just as was SARS and MERS, is an enveloped virus. This
means the virus is protected by a glycoprotein shell. This is why these viruses are so difficult to treat.!”

The general symptoms which experienced by some patients are coughing and fever but some patients
also do not experience fever symptoms. It means that the patient can infect other patients without
symptoms (43.8% at admission and 88.7% during hospitalization) and almost two-thirds of patients
experience coughing (67.8%). Blood tests show lymphocytopenia showing the level of lymphocytes is
low and abnormal in the majority of patients around 83.2% which are admitted to the hospital. In
addition, diarrhea is uncommon in most patients, only about 3.8% of patients experience diarrhea.
These symptoms were observed for 2 to 7 days?® in which the incubation period of infection
progressed for 4 days with an interquartile range of 2 to 7 days in all patients.?!

Preventive measures

All countries including Indonesia need the preventive measures in overcoming the spread of COVID-
19 as a pandemic disease which there is no known availability of emergency medicines or vaccines as
therapies for COVID-19. Therefore, handling of infected patients has been recommended as one step
to control the rampant spread among people and is difficult to force the isolation of infected patients
because this causes many social problems. Like many reports in the Indonesian media, the practice of
forced confinement of infected people at home is very difficult to be done by health workers and the
police. Isolation is very limited because the availability of medical care equipment is incomplete in
hospitals where a better and ethical place of control for treating infected people with COVID-19.2% In
this direction, appropriate research studies must be carried out to understand the best approach in
infection prevention including assessing whether Indonesia is able to slow the spread of COVID-19 to
infected people.?

In Indonesia, masks and hand sanitizers are widely used in preventing the transmission of COVID-19.
Medical masks can help to prevent direct exposure to liquid droplets from infected people who are
sneezing and always wash or clean their hands with a hand sanitizer. While in other cases with the use
of an improper mask can cause an increased risk of transmission of infection which especially
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infections from people without symptoms and through infected people on surface exposure poses a
higher risk of transmission than people who do not properly use a mask.>* This occurs because people
who wear a mask can touch the mask itself and the mouth or face part more often than people who do
not use masks. This frequent touching of mouth and face part pose higher possibility of reaching of
virus to person’s respiratory system on exposure of hands with contaminated surfaces (in shops, malls,
buses, and other public places) or hand shake with asymptomatic person. So, care should be taken to
avoid frequent touching of own face particularly mouth, nose and eyes (whether wearing mask or
not).?

The standard procedures which are recommended for preventing the spread of infection are more
effective in controlling the spread and keeping things safe. The most important include washing hands
after visiting public places will keep the virus (even if it touches a contaminated surface) from being
transmitted to other people or infected people by covering their mouths and nose when coughing and
sneezing to prevent spread especially if people experience asymptomatic or in the early stages of
infection.?6?” Besides that, cooking food properly like meat, eggs, and food from animals can destroy
the virus. In practice, one must avoid close contact with anyone showing symptoms of respiratory
illnesses such as cough, flu, asthma, pneumonia, and tuberculosis. Therefore, this simple precaution
can be carried out effectively in controlling the spread and holding the virus itself.

Life cycle of SARS-CoV-2 (COVID-19) virus and infection

Novel Coronavirus 2019 (COVID-19) has a life cycle mechanism consisting of 3 parts, namely entry,
replication and release which can be seen in Figure 3.

Firstly, infection begins when the viral spike (S) glycoprotein attaches to its complementary host cell
receptor. After attachment, a protease of the host cell cleaves and activates the receptor-attached spike
protein. Depending on the host cell protease available, cleavage and activation allows cell
the entry by endocytosis or direct fusion of the viral envelop with the host membrane.?®

On entry into thehost cell, the virus particle isuncoated, and its genome enters the cell
cytoplasm.?® The coronavirus RNA genome has a 5’-methylated cap and a 3’-polyadenylated tail,
which allows the RNA to attach to the host cell's ribosome for translation.’® The host ribosome
translates the initial overlapping open reading frame of the virus genome and forms a long polyprotein.
The polyprotein has its own proteases which cleave the polyprotein into multiple nonstructural
proteins.3!

Secondly, coronaviruses do replication and transcription of RNA from an RNA strand by the

mechanism of SARS-CoV-2 replication in away (Figure 3):32

1. With their S-protein, caronaviruses bind on cell surface molecules such as metalloprotease amino
peptidase having HE{9/tein can also bind in N-acetyl neuraminic acid as co-receptor.

2. Virus gets into the host cell by fusion of viral and cell membrane or by receptor mediated
endocytosis in that the virus is incorporated via an endosome, which is subsequently acidified by
proton pumps.

3. Coronaviruses have a single positive stranded RNA genome, they can directly produce their
proteins and new genomes in the cytoplasm.

4. The negative strand serves as template to transcribe smaller subgenomic positive RNAs which are
used to synthesize all other proteins.

5. The protein N binds genomic RNA and the protein M is integrated into the membrane of the
endoplasmic reticulum (ER) like the envelope protein S and HE. After binding, assembled
nucleocapsids with helical twisted RNA budd into the ER lumen and are encased with its
membrane.

6. The viral progeny are finally transported by golgi vesicles to the cell membrane and are
exocytosed into the extracellular space.
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Thirdly, The replicated positive-sense genomic RNA becomes the genome of the progeny _viruses. The
mRNAs are gene transcripts of the last third of the virus genome after the initial overlapping reading
frame. These mRNAs are translated by the host's ribosomes into the structural proteins and a number
of accessory proteins.3! RNA translation occurs inside the endoplasmic reticulum. The viral structural
proteins S, E, and M move along the secretory pathway into the Golgi intermediate compartment.
There, the M proteins direct most protein-protein interactions required for assembly of viruses
following its binding to the nucleocapsid.’? Progeny viruses are then released from the host cell
by exocytosis through secretory vesicles.3

Diagnosis

The proper diagnosis for COVID-19 infection must be made first when finding the initial symptoms as
described above and the treatment initiative factor. The difference in COVID-19 from the common
cold is essential for everyone to know for proper treatment. Sometimes the results of preliminary
examinations in infected people do not provide a clear diagnosis of COVID-19 infection. In general,
doctors usually consider the patient's travel history by looking at the symptoms that exist such as
cough, flu, fever and others. The initial intervention, sputum examination and other diagnostic tests
help in determining the right early infection. Possibly the number of days from the first day of
infection is taken at the laboratory to recommend individual diagnostic tests such as:

RT-PCR

The standard technique for determination is by reverse transcription polymerase chain reaction (rRT-
PCR) from a nasopharyngeal swab or sputum sample, with results inside a couple of hours to 2 days.>*

ELISA
Antibody assays can also be used, using a blood serum sample, with results within a few days.3?

CT-Scan

The contamination can likewise be analyzed from a mix of side effects, chance elements, and a chest
CT scan demonstrating highlights of pneumonia.’® The fundamental diagnosis reports from medical
clinics in China show that the majority of COVID-19 infected patients were determined with
pneumonia and trademark CT imaging patterns,’’ radiological assessments have become imperative in
early determination and appraisal of disease course.® CT scan of various COVID-19 contaminated
patients differed in pattern’® and almost 50% of patients could be discovered of disease from pictures.
On admission to emergency clinics, the ground-glass haziness was the most widely recognized
radiologic finding on chest figured tomography (CT)*® of 56.4% of patients.*’ The longitudinal CT
discoveries of a COVID-19 infected patient with pneumonia demonstrated sorted out example of CT
images in follow up check over the course of treatment. Besides that, it was seen that numerous
patients did not have strange radiologic findings.*!

Treatments of COVID-19

There is an urgent demand from WHO and various countries in the world for new COVID-19 disease
treatment therapies. The deadly nature of the spread of this virus prod E fear in everyone. Infection
caused by this disease in the form of acute respiratory disease (SARS) wx=ch can cause death and there
is no drug that is scientifically proven to kill this new virus. Each country can only do reducing the
spread of infectious diseases by physical distancing and maintaining cleanliness of the body.
International organizations such as WHO have invited researchers around the world to find vaccines,
new drugs and diagnostic development for SARS-CoV-2 and COVID-19. The Director General of
WHO has prioritized the main research to prevent the spread of COVID-19 by developing new drug
candidate both modern and herbal medicines for therapy and diagnosis that are easily applied to
identify active infections, asymptomatic and resolved infections of COVID-19.3
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The mechanism of viral infection is the entry of the virus into cells and multiplication using a host
cellular mechanism that is characterized by damage to the host cell as a key for the development of
new drug compound therapies. To date, there is no definitive and recommended therapy for COVID-
19 due to new virus which is caused a viral infection and the curative therapy for COVID-19 is an
antivirus. However, all antivirals used in COVID-19 therapy in almost all countries are still in the form
of trial and error. Some of them refer to antiviral therapy that was used during the SARS and MERS
epidemic several years ago, for example using lopinavir, ritonavir, ribavirin, oseltamivir, and others.
These drugs have been used and were quite effective in dealing with SARS and MERS during the past
epidemic. Likewise in Indonesia, there are no definitive guidelines for dealing with COVID-19 and
only rely on existing drug preparations, for example oseltamivir which is currently widely used in
dealing with COVID-19. With the start of the COVID-19 outbreak in China, Indonesia has tried to
refer to China regarding the drugs used, including chloroquine and Avigan. Some prospective drugs
are considered to direct current applications or the development of new therapeutic drugs including
modern and herbal medicines includes:

Entry inhibitors

The SARS-CoV-2 virus infects the respiratory system and alveoli cells in the lung sac which will
become host for the viral infection. In general, viruses enter the host cell by forming a complex
between the virus projections (crown such as spikes or lobes) with receptors on the host cell. Whereas
the exact structure of the spike*? or lobe virus and receptors on host cells for SARS-CoV-2 is not yet
fully known but prior experience of coronavirus (B-family) is responsible for SARS infection and has
similarities in the form of entry in host cells.*3 Recently it has been found that Angiotensin-converting
enzyme 2 (ACE2) is a cellular receptor for the SARS corona virus, (SARS-CoV) and (SARS-CoV-
2).# Angiotensin-converting enzyme 2 (ACE2) has some homology with angiotensin-converting
enzyme (ACE) but not inhibited by ACE inhibitors. A previous SARS case was characterized by an
infection that was started by a transmembrane (S) spike in glycoproteins which binds to the host
receptor and combines viruses and cell membranes. The identification of the viral / spikes lobes
molecular structure will take time, but the development of facilitated heterocyclic drug molecules or
existing heterocyclic screening may be able to bind the entry inhibitor drug.*’

Replication inhibitors

The corona virus is an RNA virus utilizing host cells for genomic replication which encodes the RNA-
dependent protein polymerase (RdRp), which allows the viral genome to be transcribed into new RNA
copies using host membrane cells. The viral genome replication mechanism serves potential targets for
the control of viral infections then nucleoside analogues and potential polymerase inhibitors used as
antiviral drugs*® can be potentially effective with SARS-CoV-2. RNA polymerase inhibitors such as
Remdesivir and Favipiravir (Avigan) (Figure 4A and 4B) which is a nucleotide adenosine analogue
antiviral for Ebola virus and other array RNA viruses and have shown promising results in clinical
control of SARS-CoV-2 pneumonia in cell culture in vitro and certain clinical cases.*’ This requires
more evaluation further from potential applications with more patients. Many other nucleoside
analogues including DNA synthesis inhibitors such as tenofovir, disoproxil, lamivudine and other
antivirals have the potential to inhibit the multiplication of SARS-CoV-2 viruses and are being
evaluated through molecular docking studies*® and testing in infected cell culture.

Avigan is the patent name for favipiravir, also known as T-705, an antiviral drug developed by
Toyama Chemical (Fujifilm group) of Japan with activity against many RNA viruses. In Japan, this
drug was originally developed as a cold medicine. In February 2020, Favipiravir was used in China for
trials of emerging COVID-19 (novel coronavirus) disease. The mechanism of action of favipiravir is
by selective inhibition of viral RNA polymerase so that it inhibits viral RNA synthesis (Figure 5).*°
Other studies have shown that favipiravir induces mutant of RNA transversion mutations, resulting in
a viable viral phenotype. Favipiravir is a product that is metabolized by human hypoxanthine guanine
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phosphoribosyltransferase (HGPRT) into its active form, namely favipiravir-ribofuranosyl-5-
triphosphate (favipiravir-RTP). This drug is available in oral and intravenous formulations. Favipiravir
does not inhibit the synthesis of RNA or DNA in mammalian cells and is not toxic to them. In 2014,
favipiravir was approved in Japan as a backup drug against influenza pandemics and to treat a type of
virus that was not responsive to antiviral at the time. During this COVID-19 pandemic, in a limited
clinical trial with 80 subjects, favopiravir showed an antiviral potential for SARS-CoV-2 that was
better than lopinavir / ritonavir.>® In March 2020, the Chinese Government stated that favipiravir
appeared to be effective in overcoming COVID-19.

Protease inhibitors

In the maturation phase of viral replication in the host cell involves the enzyme protease which is
associated with proteins and peptides. Lopinavir and ritonavir (Figure 4C, 4D) are anti-HIV drugs that
have been approved and a combination of both has shown potential drug compounds in the inhibition
of SARS-CoV-2.3152 According to Lim J, et al. stated the treatment of COVID-19 patients in Korea
using lopinavir/ritonavir to patients showed interesting results which B-coronavirus was encapsulated
and cause a significant decrease and was absent or few coronavirus titers were observed.>? This study
was conducted in a single patient which detailed analysis is needed to recommend as a candidate for
new drug compounds. Molecular docking of potential inhibitors can provide clear information because
detailed docking simulation results have shown important input in previous SARS cases and other
viral infections.>3- However, both of them still need a lot of clinical data to prove the efficacy and
safety in the human body.

Heterocyclic anti-viral

Many heterocyclic drug molecules have been used in the treatment of viral infections in the past and
are thought to be probably slightly effective in inhibiting SARS-CoV-2. Chloroquine was originally a
drug used to treat malaria as an antiplasmodium. This drug is a drug containing a quinoline group
(Figure 4E) that works by inhibiting the activity of the enzyme heme polymerase which converts
heme into hemozoin, resulting in the accumulation of free heme. This accumulation of heme causes
death of the Plasmodium parasite that causes malaria.’® However, with the decrease in malaria and the
emergence of plasmodium resistance to chloroquine, chloroquine is no longer used as an antimalarial
drug.

It turns out that chloroquine (and hydroxychloroquine) can also be used for antiviral therapy. Vincent
et al (2005) reported that chloroquine has a strong antiviral effect against the SARS-CoV virus in
primate cells. This inhibitory effect is observed when cells are treated with chloroquine both before
and after exposure to the virus, which shows that chloroquine has both a preventive and therapeutic
effect. In addition, to what is known that chloroquine increases endosomal pH which inhibits viral
replication and appears to interact with cellular angiotensin-converting enzyme 2 (ACE2) receptors
(Figure 6).°7 These causes inhibitions of the binding of the virus with the receptor which prevent
infection and spread of the SARS-CoV-2 virus at concentrations that can cause clinical symptoms. In
the SARS-CoV-2 pandemic in China, chloroquine was used at a dose of 500 mg for adult 2 times a
day, duration of therapy <10 days.’® Chloroquine (and hydroxychloroquine) is also currently being
tried in Malaysia at the same dosage used in China and also in Indonesia.

Meanwhile, there are several other heterocyclic antiviruses that have been used as antivirals such as
HIV, HINI1, HINS and SARS, all of which will be further investigated to deal with SARS-CoV-2.
Oseltamivir (Tamiflu) which has been widely used as a neuraminidase inhibitor for the treatment of
influenza and has been recommended for symptoms of COVID-19.%° In addition, other candidate
compounds that can be evaluated and potentially have antiviral activity against SARS-CoV-2 are
compounds other than heterocyclic based on angiotensin converting enzyme 2 (ACE2) peptides
namely 3CLpro inhibitors (3CLpro-1) and vinysulfone protease inhibitors.°
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According to Gautret et al. also stated that the combination of hydroxychloroquine and azithromycin
as a treatment of COVID-19 showed it is significantly associated with viral load reduction on clinical
study even though small sample size.!

Nano drug delivery systems

Drug delivery systems in the form of nanoparticle preparations have been widely used to improve the
bioavailability of drugs in the blood and deliver drugs as antiviral especially nucleoside analogues
which are conjugated with potential delivery systems that have been applied in resistant HIV infection
drugs.6>% Amount of drugs accumulated in the nano delivery system can be used as a new drug in the
formulation development which is capable to deliver drugs with a faster therapeutic index for COVID-
19.96-68 One example of delivery of nano treatment can be seen in the efficacy of chloroquine against
COVID-19 as inhibitor of nanoparticle endocytosis through macrophages. Therefore, chloroquine
decreases the accumulation of synthetic nanoparticle of various sizes (14-2,600 nm) and is spherical
and discoidal in cell lines.®

Biological therapeutics

Antibody therapy is very possible for the treatment of COVID-19 infections. However, the discovery
of this vaccine still requires a long time around 1 year and temporarily can use several treatment
options to prevent the spread of COVID-19. According to Tian et al reported that SARS-CoV-2
specific human monoclonal antibodies such as CR3022 which are intended to bind strongly to SARS-
CoV-2 RBD (KD 6.3 nM).”® Reported CR3022 epitope does not overlap with the ACE2 binding site in
SARS-CoV- 2 RBD. These unique binding results indicate the possibility that CR3022 can be
developed as a therapeutic candidate in its own way or in combination with other antibodies. However,
in vitro trials and clinical studies are needed to obtain accurate clinical data for the prevention and
treatment of COVID-19 infections.”®

In developing a new vaccine one must pay attention to the similarity of immunogenic structural
proteins with COVID-19 such as SARS, MERS which has been used before to be used for SARS-
CoV-2."! According to Ahmed et al stated that his work had identified a set of B cells and T cell
epitopes that derived from spikes (S) and nucleocapsid proteins (N) that can map identically with the
SARS-CoV-2 protein.”? Reports suggested that the identified epitope has no mutase in the SARS-
CoV-2 sequence that was available. So this target immune epitope has the potential to be explored in
the fight against the SARS-CoV-2 virus which the glycoprotein spike of SARS-Cov-2 has antigenicity.
This is the direction of developing a new vaccine against SARS-CoV-2. However, the final results will
depend on in vitro and future clinical trials.”?

Herbal drugs

Several anti-SARS agents have been tested for coronavirus-specific therapy, however, an effective
SARS antiviral therapy has not yet been established.”3”> Some modern drugs have shown a broad
antiviral activity which is most frequently administered as a SARS-antiviral agent in combination with
antibacterial drugs. However, this has little activity against SARS-CoV in vitro having specific
monoclonal antibodies, pegylated interferon-a, siRNA, and several protease inhibitors have also been
tested against SARS-CoV.’® Therefore, some researchers in the world particularly Indonesia have
utilized herbal drugs to test several candidates of active compounds which are derived from plants or
herbs.

According to Ul and IPB researchers stated that they have conducted research originating from several
plants in Indonesia which chemical compounds contained in these plants could potentially prevent
COVID-19 infection in the form of molecular docking in silico.”® The model of research that has been
done can be seen in Figure 7. Based on the results of prediction models with machine learning
methods (SVM, random forest and MLP neural network) associated with 20644 interactions of protein
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compounds. The results are 31 herbal compounds with 5 target proteins 3CLPro, PLPro, Spike-ACE2,
EIF4 and RdRp. Modeling of structure and ligand based pharmacophores was performed virtual
screening with 1,377 compounds from the HerbalDB database.”’ The results of compound hits from
machine learning and pharmacophore mapping were confirmed using molecular docking.

Guava (Psidium guajava) with pink flesh contains active compounds including myricetin, quercetin,
luteolin, kaempferol, isorhamnetin’®, and hesperidin”. Luteolin is known as a furin protein inhibitor®
which is assumed as one of the enzymes that break down the Corona virus S (spike) protein as in
MERS into units S1 and S2.3! In the S1 unit, there is a binding domain receptor (RBD) where the
ACE2 peptidase binds so that the virus can bind to the host cell.®! The Hesperidin / hesperitin
compound in the silico study is known to inhibit the RBD domain binding of the SARS-COV-2 Spike
protein with ACE2 receptors in humans so that it is predicted to potentially inhibit the entry of the
SARS-COV-2 virus.?? It is also known that luteolin is a neuramidase inhibitor as well as oseltamivir
which is currently one of the drugs used in the CDC protocol.

Hesperidin (a form of hesperidin aglycone) and Quercetin are also known to act as inhibitors of
3CLpro virus proteins.?*#* Other compounds in guava such as myricetin are known to act as SARS
coronavirus helicase inhibitors.®> The kaempferol has the potential to be a non-competitive inhibitor of
3CLPro and PLpro as well as quercetin.®¢ Another interesting thing is kaempferol acts as a modulator
of autophagy, both as an inducer and inhibitor, both of which can be utilized in strategies to inhibit the
SARS-COV-2 virus.

Meanwhile, Indonesia is also famous for its variety of cooking condiments which are derived from
plants. One of the commonly used condiments for cooking or herbal medicine for Indonesian people is
empon-empon consisting of ginger, turmeric, galangal, curcuma and lemongrass. It is not only herbs
but also animals such as snakehead fish which can improve immune system in the body due to high
protein and amino acids.?’-% According to researchers from UNAIR stated that the approach that can
be taken in the public by consuming empon-empon to improve the immune system to avoid COVID-
19.

Herbs containing curcumin and turmeric have been consumed and proven by Indonesian people for
centuries and to be safe and beneficial to health. For example maintaining health, fitness / vitality, and
maintaining liver and digestive health based on empirical experimental evidence. Both ginger and
turmeric contain hundreds of bioactive compounds, one of which is curcumin. Various studies have
been carried out in the world in vitro and preclinical test showing that curcumin is anti-inflammatory,
antiviral, antibacterial, antifungal and antioxidant based on scientific evidence.

One of the benefits of curcumin obtained from clinical trials is to increase the body's immune system
or act as an immune-modulator. Recent research on curcumin against the SARS-CoV-2 virus which is
an agent or cause of COVID-19 disease shows that the SARS-CoV-2 receptor is an enzyme called
Angiotensin Converting Enzyme-2 (ACE2) found in host cells (human cells especially alveolus cells
in the lung). However, the cell entry of the virus not only depends on the binding of the spike virus
protein to the receptor on the host cell (ACE2) but also on the pad priming protein spike by the host
cell protease (TMPRSS2). Functionally there are 2 forms of ACE2, the fixed form attached to the cell
surface and the free-form soluble form in the blood. The soluble form ACE2 is projected to be one of
the SARS-CoV-2 antivirus candidates through a competitive interceptor mechanism that prevents
bonding between virus particles and ACE2 on the surface of the host cell. In addition, bio-informatics
research published in March 2020 and recent literature has mentioned curcumin as one of the SARS-
CoV-2 antiviral candidates, it is expected that curcumin in ginger and turmeric can increase the
expression of ACE2 in the form of soluble which can inhibit the bonding between the viral protein and
the fixed form ACE2 found on the surface of the host cell.”!
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Conclusion

The sudden outbreak of COVID-19 in Wuhan, China made all countries in the world panic because it
spread very quickly and killed many people so that WHO issued a statement that this disease is a
pandemic that threatens the lives of many people. Therefore, every country has an obligation to protect
its people by providing an education protocol to prevent the spread of COVID-19. In many new cases,
clinical staff gain infected from patients who visit hospitals so that infected cases increase the spread
of the virus through human-to-human transmission, creating an urgent need for the development and
approval of a standard therapy protocol including structural details and a complete life cycle of the
virus, preventing the spread of the virus, adequate virus testing tools to ensure SARS-CoV-2 infection.
Several drugs that have been evaluated for the treatment of COVID-19 show promising results for
clinical applications such as chemical and herbal medicines that have been clinically tested in reducing
this novel viral infection and assisting a number of patients in safe recovery from COVID-19.
Furthermore, as knowledge about SARS-CoV-2 advances, new therapies including vaccines and
monoclonal antibodies can be found in the near future. So far, effective treatments for COVID-19 are
unknown but potential therapeutics can be found from clinical evaluation of existing antiviral drugs
are being researched and continued against new coronaviruses.

Conflict of interests
The authors claim that there is no conflict of interest.



477

478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

O

Kumar S, FNU [7<Rathi B. onavirus Disease COVID-19: A New Threat to Public Health. Curr
Top Med Chemt—=-20;1-2. @ 10.2174/1568026620999200305144319

Wu F, Zhao S, Yu B, et al. PW coronavirus associated with human respiratory disease in China.
Nature. 2020;579:265-9. do &2 ps://doi.org/10.1038/s41586-020-2008-3

Chhikara B.S, Brijesh R, Jyoti S, Poonam. Corona virus SARS-CoV-2 disease COVID-19:
Infection, prevention and clinical advances of the prospective chemical drug therapeutics. Chem
Biol Lett. 2020;7(1):63-72.

Bogoch II, Watts A, Thomas-Bachli A, Huber C, Kraemer MUG, Khan K. Potential for global
spread of a novel coronavirus from China. J Travel Med. 2020;27. doi: 10.1093/jtm/taaa011.
Adyatama E, Persada S. BNPB extends the corona emergency period to May 29, 2020. Tempo
magazine. Online 17 March 2020. Jakarta.

Cohen J, Normile D. New SARS-like virus in China triggers alarm. Science. 2020;367(6475):234-
35. doi: 10.1126/science.367.6475.234

Fang-Rong C, Chiao-Ting Y, Mohamed E.S, Wen-Hsun L, Ming-Hong Y, Kuei-Hsiang L and
Yang-Chang W. Anti-Human Coronavirus (anti-HCoV) Triterpenoids from the Leaves of
Euphorbia neriifolia. Nat Prod Commun. 2012;7(11):1415-7.

Lai MMC, Cavanagh D. The molecular biology of coronaviruses. Adv Virus Res. 2007;48:1-100.
doi:10.1016/S0065-3527(06)66005-3

Badawi A, Ryoo SG. Prevalence of comorbidities in the Middle East respiratory syndrome
coronavirus (MERS-CoV): a systematic review and meta-analysis. Int J Infect Dis. 2016;49: 129—
33. doi: https://doi.org/10.1016/;.1j1d.2016.06.015

Vijayanand P, Wilkins M.W. Severe acute respiratory syndrome (SARS): a review. Clin Med
(Northfield. I1). 2004;4(2):152. doi: 10.1146/annurev.med.56.091103.134135

Wang L.F, Shi Z, Zhang S, et al. Review of bats and SARS. Emerg Infect Dis. 2006;12(12):1834.
doi:10.3201/eid1212.060401

Kam KQ, Yung CF, Cui L, et al. A Well Infant with Coronavirus Disease 2019 (COVID-19) with
High Viral Load. Clin Infect Dis. 2020;201. doi: https://doi.org/10.1093/cid/ciaa201

Bai Y, Yao L, Wei T, et al. Presumed asymptomatic carrier transmission of COVID-19. JAMA.
2020. doi:10.1001/jama.2020.2565

Chan JF, Yuan S, Kok KH, To KK, Chu H, Yang J, Xing F, Liu J, Yip CC, Poon RW, Tsoi HW,
Lo SK, Chan KH, Poon VK, Chan WM, Ip JD, Cai JP, Cheng VC, Chen H, Hui CK, Yuen KY. A
familial cluster of pneumonia associated with the 2019 novel coronavirus indicating person-to-
person transmission: a study of a family cluster. Lancet. 2020;6736(20):30154-9. doi:
10.1016/S0140-6736(20)30154-9

Pan X, Chen D, Xia Y, et al. Asymptomatic cases in a family cluster with SARS-CoV-2 infection.
Lancet Infect. Dis. 2020;20(4). doi: 10.1016/s1473-3099(20)30114-6

Guan WJ, Ni ZY, Hu Y, et al. Clinical Characteristics of Coronavirus Disease 2019 in China. N.
Engl. J. Med. 2020. doi: 10.1056/NEJM0a2002032

Wu J, Liu J, Zhao X, et al. Clinical Characteristics of Imported Cases of COVID-19 in Jiangsu
Province: A  Multicenter Descriptive  Study. Clin Infect Dis. 2020;199. doi:
https://doi.org/10.1093/cid/ciaal99

Jiang X, Rayner S, Luo M. Does SARS-CoV-2 has a longer incubation period than SARS and
MERS?. J Med Virol. 2020;92(5):476-8. doi: 10.1002/jmv.25708

Ribeiro LZ, Tripp RA, Rossi LM, Palma PV, Yokosawa J, Mantese OC, Oliveira TF, Nepomuceno
LL, Queir6z DA. Serum mannose-binding lectin levels are linked with respiratory syncytial virus
(RSV) disease. J Clin Immunol. 2008;28(2):166-73. doi:10.1007/s10875-007-9141-8

Falzarano D, de Wit E, Rasmussen AL, Feldmann F, Okumura A, Scott DP, Brining D, Bushmaker
T, Martellaro C, Baseler L, Benecke AG, Katze MG, Munster VJ, Feldmann H. Treatment with
interferon-a2b and ribavirin improves outcome in MERS-CoV infected rhesus macaques. Nat
Med. 2013;19(10):1313-7. doi: 10.1038/nm.3362.



https://doi.org/10.1016/S0065-3527(06)66005-3
https://doi.org/10.1016/j.ijid.2016.06.015
https://doi.org/10.1146/annurev.med.56.091103.134135
https://doi.org/10.3201/eid1212.060401
https://doi.org/10.1093/cid/ciaa201
https://doi.org/10.1093/cid/ciaa199
https://doi.org/10.1007/s10875-007-9141-8
daro
Highlight

daro
Sticky Note
Italic

daro
Highlight

daro
Sticky Note
Issue? volume? 

daro
Highlight

daro
Sticky Note
7 and more: et al

daro
Highlight

daro
Sticky Note
Recheck the refulgences list and read the instruction for authors, please, please, please.


528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577

21.

22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Goldsmith C.S, Tatti K.M, Ksiazek T.G, et al. Ultrastructural characterization of SARS
coronavirus. Emerg Infect Dis. 2004;10(2):320-6.

Lu D. Inside Wuhan’s lockdown. Elsevier 2020.

Chen P. Study on the virus transmission based on data analysis of confirmed cases of 2019-nCoV
coronavirus in China (II). 2020. doi: 10.31219/osf.10/uaq69

Leung C.C, Lam T.H, Cheng K.K. Mass masking in the COVID-19 epidemic: people need
guidance. Lancet. 2020. doi: https://doi.org/10.1016/ S0140-6736(20)30547-X

Zhang S, Diao M.Y, Duan L, Lin Z, Chen D. The novel coronavirus (SARS-CoV-2) infections in
China: prevention, control and challenges. Intensive Care Med. 2020;46:591-3. doi:
10.1007/s00134-020-05977-9

Plourde A.R, Bloch E.M. A literature review of Zika virus. Emerg Infect Dis. 2016;22(7):1185.
doi: http://dx.doi.org/10.3201/e1d2207.151990

Gostin L, Phelan A, Coutinho A.G, et al. Ebola in the Democratic Republic of the Congo: time to
sound a global alert?. Lancet. 2019;393(10172):617-20.

Simmons G, Zmora P, Gierer S, Heurich A, Poéhlmann S. Proteolytic activation of the SARS-
coronavirus spike protein: cutting enzymes at the cutting edge of antiviral research. Antiviral
Res. 2013;100(3):605-14. doi:10.1016/j.antiviral.2013.09.028

Fehr AR, Perlman S, Maier HJ, Bickerton E, Britton P. Coronaviruses: An Overview of Their
Replication and Pathogenesis. Section 4.1 Attachment and Entry, Coronaviruses: Methods and
Protocols. Methods Mol Biol. 2015;1282:1-23. doi:10.1007/978-1-4939-2438-7

Fehr AR, Perlman S, Maier HJ, Bickerton E, Britton P. Coronaviruses: An Overview of Their
Replication and Pathogenesis. Section 2 Genomic Organization, Coronaviruses: Methods and
Protocols. Methods Mol Biol. 2015;1282:1-23. doi:10.1007/978-1-4939-2438-7

Fehr AR, Perlman S. Coronaviruses: an overview of their replication and pathogenesis. Methods
Mol Biol. 2015;1282:1-23. doi:10.1007/978-1-4939-2438-7

Lai MM, Cavanagh D. The molecular biology of coronaviruses. Adv Virus Res. 1997;48:1—
100. doi:10.1016/S0065-3527(08)60286-9

Fehr AR, Perlman S. Coronaviruses: an overview of their replication and pathogenesis". In Maier
HJ, Bickerton E, Britton P (eds.). Coronaviruses. Methods in Molecular Biology. 1282:1-
23. doi:10.1007/978-1-4939-2438-7 1. ISBN 978-1-4939-2438-7

Ai T, Yang Z, Hou H, et al. Correlation of Chest CT and RT-PCR Testing in Coronavirus Disease
2019 (COVID-19) in China: A Report of 1014 Cases. Radiology. 2020;200642

Li M, Jin R, Peng Y, et al. Generation of antibodies against COVID-19 virus for development of
diagnostic tools. MedRxiv. 2020.

Fang Y, Zhang H, Xie J, et al. Sensitivity of chest CT for COVID-19: comparison to RT-PCR.
Radiology. 2020,200432.

Li X, Zeng X, Liu B, Yu Y. COVID-19 infection presenting with CT halo sign. Radiol
Cardiothorac Imaging. 2020;2(1),200026.

Zu Z7.Y, Di Jiang M, Xu P.P, et al. Coronavirus Disease 2019 (COVID-19): A Perspective from
China. Radiology. 2020;200490.

Liu T, Huang P, Liu H, et al. Spectrum of chest CT findings in a familial cluster of COVID-19
infection. Radiol Cardiothorac Imaging. 2020;2(1),e200025.

Wu Y, Xie Y, Wang X. Longitudinal CT findings in COVID-19 pneumonia: Case presenting
organizing pneumonia pattern. Radiol Cardiothorac Imaging. 2020;2(1), e200031.

Kong W, Agarwal P.P. Chest imaging appearance of COVID-19 infection. Radiol Cardiothorac
Imaging. 2020;2(1), €200028.

Wrapp D, Wang N, Corbett K.S, et al. Cryo-EM structure of the 2019-nCoV spike in the prefusion
conformation. Science. 2020;367(6483):1260-3. doi: 10.1126/science.abb2507

Letko M, Marzi A, Munster V. Functional assessment of cell entry and receptor usage for SARS-
CoV-2 and other lineage B betacoronaviruses. Nat Microbiol. 2020;1-38.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3889862
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3889862
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1016/j.antiviral.2013.09.028
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1007/978-1-4939-2438-7_1
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1007/978-1-4939-2438-7_1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4369385
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1007/978-1-4939-2438-7_1
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1016/S0065-3527(08)60286-9
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1007/978-1-4939-2438-7_1
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-1-4939-2438-7

578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Yan R, Zhang Y, L1 Y, et al. Structural basis for the recognition of the SARS-CoV-2 by full-length
human ACE2. Science. 2020, eabb2762.

Tortorict M.A, Walls A.C, Lang Y, et al. Structural basis for human coronavirus attachment to
sialic acid receptors. Nat Struct Mol Biol. 2019;26(6):481-9.

Yuan Y, Cao D, ZhangY, et al. Cryo-EM structures of MERS-CoV and SARS-CoV spike
glycoproteins reveal the dynamic receptor binding domains. Nat Commun. 2017;8(1):15092.

Singh J, Chhikara B.S. Comparative global epidemiology of HIV infections and status of current
progress in treatment. Chem Biol Lett. 2014;1(1):14-32.

Wang M, Cao R, Zhang L, et al. Remdesivir and chloroquine effectively inhibit the recently
emerged novel coronavirus (2019-nCoV) in vitro. Cell Res. 2020;30(3):269-71.

Chang Y, Tung Y, Lee K, Chen T, Hsiao Y, Chang H, Hsieh T, Su C, Wang S, Yu J, Shih S, Lin
Y, Lin Y, Tu Y.E, Tung C, Chen C. Potential Therapeutic Agents for COVID-19 Based on the
Analysis of Protease and RNA Polymerase Docking. Preprints 2020, 2020020242. doi:
10.20944/preprints202002.0242.v1

Li G, De Clercq E. Therapeutic options for the 2019 novel coronavirus (2019-nCoV). Nat
Rev Drug Discov. 2020. doi:10.1038/d41573-020-00016-0

Dong L, Hu S, Gao J. Discovering drugs to treat coronavirus disease 2019 (COVID-
19). Drug Discov Ther. 2020;14(1):58-60. doi:10.5582/ddt.2020.01012

Yao T.T, Qian J.D, Zhu W.Y, Wang Y, Wang G.Q. A Systematic Review of Lopinavir Therapy
for SARS Coronavirus and MERS Coronavirus-A Possible Reference for Coronavirus Disease-19
Treatment Option. J] Med Virol. 2020, 10.1002/jmv.25729.

Lim J, Jeon S, Shin H.Y, et al. Case of the index patient who caused tertiary transmission of
coronavirus disease 2019 in Korea: The application of lopinavir/ritonavir for the treatment of
COVID-19 pneumonia monitored by quantitative RT-PCR. J Korean Med Sci. 2020;35(6):79.
Behera D.K, Behera P.M, Acharya L, Dixit A. Development and validation of pharmacophore and
QSAR models for influenza PB2 inhibitors. Chem Biol Lett. 2017;4(1):1-8.

Sharma D, Pathak M, Sharma R, et al. Homology modeling and docking studies of VP24 protein
of Ebola virus with an antiviral drug and its derivatives. Chem Biol Lett. 2017;4(1):27-32.

Bindu P.J, Naik T.R.R, Mahadevan K.M, Krishnamurthy G. Synthesis, DNA photo-cleavage,
molecular docking and anticancer studies of 2-methyl-1,2,3,4-tetrahydroquinolines. Chem Biol
Lett. 2019;6(1):8-13.

Slater A, Cerami A. Inhibition by chloroquine of a novel haem polymerase enzyme activity in
malaria trophozoites. Nature. 1992;355:167-9. doi: https://doi.org/10.1038/355167a0

Al-bari M.A.M. Targeting endosomal acidification by chloroquine analogs as a promising strategy
for the treatment of emerging viral diseases. Pharmacol Res Prespec. 2017;5(1):1-13. doi:
10.1002/prp2.293

Gao J, Tian Z, Yang X. Breakthrough: Chloroquine phosphate has shown apparent efficacy in
treatment of COVID-19 associated pneumonia in clinical studies. Biosci Trends. 2020;14:72-
3. doi:10.5582/bst.2020.01047

Hui L, Yeming W, Jiuyang X, Bin C. 2019 New Coronavirus Antiviral Therapy Has a Potential
Drug Duration. Chinese J Tuberculosis Respir Med. 2020;43(3):170-2. doi:10.3760 /cma.
j.1ssn.1001-0939.2020.03.004

Morse J.S, Lalonde T, Xu S, Liu W.R. Learning from the Past: Possible Urgent Prevention and
Treatment Options for Severe Acute Respiratory Infections Caused by 2019-nCoV. Chem Bio
Chem. 2020;21(5):730-8.

Gautret P, Lagier J.C, Parola P, Hoang V.T, Meddeb L, Mailhe M, Doudier B, Courjon J,
Giordanengo V.E, Vieira V.E, Dupont H.T, Honor e S, Colson P, Chabri'ere E, Scola B.L, Rolain
J.M, Brouqui P, Raoult D. Hydroxychloroquine and azithromycin as a treatment of COVID-
19: results of anopen-label non-randomized clinical trial. Int J Antimicrob Agents. 2020. doi:
10.1016/j.ijjantimicag.2020.105949


https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1038/d41573-020-00016-0
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.5582/ddt.2020.01012
https://www.jstage.jst.go.jp/article/bst/14/1/14_2020.01047/_pdf/-char/en
https://www.jstage.jst.go.jp/article/bst/14/1/14_2020.01047/_pdf/-char/en
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.5582/bst.2020.01047

628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.
75.

76.

77.

78.

79.

80.

81

82.

Agarwal H.K, Chhikara B.S, Doncel G.F, Parang K. Synthesis and anti-HIV activities of
unsymmetrical long chain dicarboxylate esters of dinucleoside reverse transcriptase inhibitors.
Bioorganic Med. Chem. Lett. 2017;27(9):1934-7.

Agarwal H.K, Chhikara B.S, Quiterio M, Doncel G.F, Parang K. Synthesis and anti-HIV activities
of glutamate and peptide conjugates of nucleoside reverse transcriptase inhibitors. J] Med Chem.
2012;55(6):2672-87.

Agarwal H.K, Buckheit K.W, Buckheit R.W, Parang K. Synthesis and anti-HIV activities of
symmetrical dicarboxylate esters of dinucleoside reverse transcriptase inhibitors. Bioorganic Med
Chem Lett. 2012;22(17):5451-4.

Chhikara B.S. Prospects of Applied Nanomedicine. J. Mater. Nanosci. 2016;3(1):20-1.

Chhikara B.S. Current trends in nanomedicine and nanobiotechnology research. J Mater Nanosci.
2017;4(1):19-24.

Chhikara B.S, Varma R.S. Nanochemistry and Nanocatalysis Science: Research advances and
future perspective. J Mater Nanosci. 2019;6(1):1-6.

Hu T.Y, Frieman M, and Wolfram J. Insight from nanomedicine into chloroquine efficacy against
COVID-19. Nat Nanotechnol. 2020. doi: https://doi.org/10.1038/s41565-020-0674-9

Tian X, Li C, Huang A, et al. Potent binding of 2019 novel coronavirus spike protein by a SARS
coronavirus-specific human monoclonal antibody. Emerg Microbes Infect. 2020;9(1): 382—-385.
Prompetchara E, Ketloy C, Palaga T. Immune responses in COVID-19 and potential vaccines:
Lessons learned from SARS and MERS epidemic. Asian Pac J allergy Immunol. 2020. doi:
10.12932/AP-200220-0772

Ahmed S.F, Quadeer A.A, McKay M.R. Preliminary Identification of Potential Vaccine Targets
for the COVID-19 Coronavirus (SARS-CoV-2) Based on SARS-Co Immunological Studies.
Viruses. 2020;12(3):254.

Groneberg DA, Poutanen SM, Low DE, Lode H, Welte T, Zabel P. Treatment and vaccines for
severe acute respiratory syndrome. Lancet Infect Dis. 2005;5:147-55.

Haagmans BL, Osterhaus AD. Coronaviruses and their therapy. Antiviral Res. 2006;71:397-403.
Stockman LJ, Bellamy R, Garner P. SARS: systematic review of treatment effects. Plos Med.
2006;3:1525-31.

Cinatl J, Michaelis M, Hoever G, Preiser W, Doerr HW. Development of antiviral therapy for
severe acute respiratory syndrome. Antiviral Res. 2005;66:81-97.

Yanuar A, Munim A, Bertha A, Lagho A, Syahdi R.R, Rahmat M, Suhartanto H. Medicinal Plants
Database and Three Dimensional Structure of the Chemical Compounds from Medicinal Plants in
Indonesia. Int J Comput Sci. 2011;8(5):180-3.

Musa K.A, Abdullah A, Subramaniam V. Flavonoid profile and antioxidant activity of pink guava.
Sci Asia. 2015;41(3):149-154. doi: 10.2306/scienceasial 513-1874.2015.41.149

Trujillo-Correa Al, Quintero-Gil DC, Diaz-Castillo F, Quifiones W, Robledo SM, Martinez-
Gutierrez M. In vitro and in silico anti-dengue activity of compounds obtained from Psidium
guajava through bioprospecting. BMC Complement Altern Med. 2019;19(1):298. doi:
10.1186/512906-019-2695-1.

Peng M, Watanabe S, Chan KWK, He Q, Zhao Y, Zhang Z, et al. Luteolin restricts dengue virus
replication through inhibition of the proprotein convertase furin. Antiviral Res. 2017;143:176-85.
doi: 10.1016/j.antiviral.2017.03.026

. Kleine-Weber H, Elzayat MT, Hoffmann M, Pohlmann S. Functional analysis of potential

cleavage sites in the MERS-coronavirus spike protein. Sci Rep. 2018;8(1):16597.
doi:10.1038/s41598-018-34859-w

Wu C, Liu Y, Yang Y, Zhang P, Zhong W, Wang Y, et al. Analysis of therapeutic targets for
SARS-CoV-2 and discovery of potential drugs by computational methods. Acta Pharm Sin B.
2020;(PG-). doi: https://doi.org/10.1016/j.apsb.2020.02.008


http://dx.doi.org/10.2306/scienceasia1513-1874.2015.41.149
https://doi.org/10.1016/j.apsb.2020.02.008

677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705

83.

84.

85.

86.

87.

88.

89.

90.

91.

Lin CW, Tsai FJ, Tsai CH, Lai CC, Wan L, Ho TY, et al. Anti-SARS coronavirus 3C-like protease
effects of Isatis indigotica root and plant-derived phenolic compounds. Antiviral Res.
2005;68(1):36—42. doi:10.1016/j.antiviral.2005.07.002

Nguyen TTH, Woo HJ, Kang HK, Nguyen VD, Kim YM, Kim DW, et al. Flavonoid-mediated
inhibition of SARS coronavirus 3C-like protease expressed in Pichia pastoris. Biotechnol Lett.
2012;34(5):831-8. doi: 10.1007/s10529-011-0845-8

Yu MS, Lee J, Lee JM, Kim Y, Chin YW, Jee JG, et al. Identification of myricetin and scutellarein
as novel chemical inhibitors of the SARS coronavirus helicase, nsP13. Bioorganic Med Chem Lett.
2012;22(12):4049-54. doi: 10.1016/j.bmcl.2012.04.081

Park J-Y, Yuk HJ, Ryu HW, Lim SH, Kim KS, Park KH, et al. Evaluation of polyphenols from
Broussonetia papyrifera as coronavirus protease inhibitors. J Enzyme Inhib Med Chem.
2017;32(1):504—12. doi: 10.1080/14756366.2016.1265519

Tungadi R, Abdulkadir W, Ischak N.I, Rahim B.R. Liposomal formulation of snakehead fish
(Ophiocephalus striatus) powder and toxicity study in zebrafish (Danio rerio) model. Pharm Sci.
2019;25(2):145-53. doi: 10.15171/PS.2019.22

Tungadi R. Potential of Snakehead Fish (Ophiocephalus striatus) in Accelerating Wound Healing.
Univ J Pharm Res. 2019;4(5):40-44. doi: https://doi.org/10.22270/ujpr.v4i5.316

Tungadi R., Imran A K. Formulation development and characterization of snakehead fish powder
in  oral double emulsion. Int J App Pharm. 2018;10(2):70-75. doi:
http://dx.doi.org/10.22159/ijap.2018v10i2.24175

Ul and IPB research team. Big data analysis with machine learning method, pharmacophore
mapping and molecular docking for Discovery of potential antivirus of SARSCoV-2 as candidate
compounds from Indonesian natural products. 2020.

Tania 1. Herbal medicine containing ginger and turmeric is safe for consumption and beneficial in
the midst of a global pandemic situation COVID-19. Developers of traditional medicine and
Indonesian herbal medicine. Press release on 19 march 2020.


https://doi.org/10.1016/j.antiviral.2005.07.002
https://doi.org/10.22270/ujpr.v4i5.316

706

707

708
709

Table 1. Active compounds having the potential as antiviral SARS-CoV-2%

I S RN

3Clpro Rhamnetin 3-mannosyl-(1-2)-alloside Cassia alata
Kaempferol 3,4'-di-O-methyl ether (Ermanin) Tanacetum microphwllum
Cvanidine 3-sophoroside-5-glucoside Brassica Oleracea ; Ipomoea
Batatas; Raphanus Sativus
Casuarinin Psidium guajava
Quercetin 3-(2G-rhamnosylrutinoside) Clitoria Ternatea
Peonidine 3-(4'-arabinosylglucoside) Ipomoea fistulosa
Hesperidine Psidium quajava
Citrus gurantium
PLpro Platycodin D Platvcodon grandiflorus
Baicalin Scutellaria baicalensis
Sugetriol-3,9-diacetate Cyperus rotundus
Phaitanthrin D Isatis indigotica
2,2-di(3-indolyl)-3-indolone
((-)-epigallocatechin gallate Camellia sinensis
2-(3,4-Dihydroxyphenyl)-2-[[2-(3,4-dihydroxyphenyl)-3,4-dihydro-5, 7-dihydroxy-2H-1- Vitis vinifera

benzopyran-3-yl]oxy]-3,4-dihydro-2H-1-benzopyran-3,4,5,7-tetrol

RdRp. Betulonal Cassine xylocarpa
Gnidicin Gnidia lamprantha
Gniditrin
2pB,30B-dihydroxy-3,4-seco-friedelolactone-27-lactone Viola diffusa
14-deoxy-11,12-didehydroandrographolide Andrographis paniculata
1,7-dihydroxy-3-methoxyxanthone Swerti apseudochinensis
theaflavin 3,3'-di-O-gallate Camellia sinensis.
2-(3,4-Dihydroxyphenyl)-2-[[2-(3,4-dihydroxyphenyl)-3,4-dihydro-5,7-dihydroxy- Vitis vinifera
2H-1-benzopyran-3-yl]oxy]-3,4-dihydro-2H-1-benzopyran-3,4,5,7-tetrol
Spike-ACE2 Hesperidine Psidium quajava
Citrus aurantium
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Figure 1. A graphical representation of the structure of coronavirus (SARS-CoV-2).
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Figure 2. Electron-microscope image of the new coronavirus, now designated SARS-CoV-2. Image
reproduced as provided for public domain use by the National Institute of Allergy and Infectious
Disease, US. Credit: NIAID-RML/de Wit/Fischer
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Figure 3. The life cycle of a Coronavirus.
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Figure 4. Chemical structures of Ramdesivir (A), Favipiravir (B), Ritonavir (C), Lopinavir (D),
Chloroquine (E).
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Acting points of Anti-influenza drugs
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Figure 5. The mechanism of Favipiravir as an antiviral to the SARS-CoV2 virus by inhibiting RNA
synthesis, the difference between antiviral and other flu drugs.
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ACE-2 S-Protein Model of 2019 nCoV-Virus
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Figure 6. The model describes the mechanism of chloroquine as an antiviral in the SARS-CoV-2 virus.
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Abstract

A recent outbreak of Coronavirus SARS-CoV-2 disease COVID-19 in China and the spread of
this infection are very rapid to other countries in the world. All countries worry about the
COVID-19 pandemic disease which has alarmed the medical and the scientific community
mainly because of the lethal nature of this virus infection. COVID-19 is a novel virus that isn't
always to be had the immediate emergency therapy resulting in massive fear of infection which

[Comment [T1]: Already rewrite this sentence ]

cause social problems in the community and people who are infected. In this case, scientists and
researchers have to know the epidemiological cases of COVID-19 infection, the characteristics
of SARS-CoV-2 transmission and the spread of viruses, the effectiveness of preventive
measures, the nature and life cycle of viruses, current literature advances in diagnostic
development such as RT-PCR, CT- Scan, Elisa and the development of modern and herbal drugs
for the treatment of infected patients which are viewed from the classification of antiviral drugs
such as entry inhibitors, replication inhibitors, nucleosides, nucleotides, protease inhibitors,
heterocyclic drugs, including biological therapies namely monoclonal antibodies therapy,
vaccines development and herbal formulations that have been pre-clinically tested fin vitro or in

[Comment [T2]: Already change in italic ]

the form of molecular docking and clinical evaluation. Chemical drug molecules with
prospective applications in the treatment of COVID-19 have been included in this review.
Keywords: COVID-19, antiviral, infection, herbal, modern drugs, pandemic

Introduction

The spread of infectious diseases in China in December 2019 has emerged with a very high
number of deaths and the spread of this infection also involves other countries.” Infected people
show symptoms of pneumonia which gives symptoms of SARS (]Severel Acute Respiratory

[Comment [T3]: Already adding this ]

Syndrome). This infection is caused by a deadly virus in nature and produces the highest number
of deaths caused by respiratory infections. The first reported transmission of this infectious
disease in China® and has spread to almost all other countries and between continents. The
largest numbers of cases of infection were observed in South Korea, Italy, Iran, and several cases
in South Africa, USA, and other countries including Indonesia. In recent update from World
Health Organization (WHO) and other live updates observing institute, the infection has tainted
in excess of 90,000 people worldwide with in excess of 3,000 deaths in various areas and
nations. The China, the significant hit nation, alone recorded in excess of 2,500 deaths by end of
February 2020.2

The sudden emergence of the corona virus and its spread is very rapid in all countries where
WHO reported that this situation creates a pandemic situation. |Although not confirmed, the
origin of the virus is speculated from completely different animals that are consumed as food in
China.] Early transmission studies report that the relationship between local fish and wild animal

markets in China with most initial infections indicates the possibility of virus transmission from
animals to humans and then viruses spreading new infections mainly through human to human
transmission. This disease which caused by Coronavirus has proven and caused a very high
mortality in the world so that WHO has issued a statement for this virus is a pandemic disease
caused by the new coronavirus, namely coronavirus disease 2019 (COVID-19) or under another
name severe acute respiratory syndrome SARS-CoV-2 taken based on the International Virus
Taxonomy Committee.*
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In Indonesia, the cases of corona virus until the end of April 2020 based on data from the
Ministry of Health of the Republic of Indonesia have increased rapidly causing high mortality of
infected people with this COVID-19.° Based on these data, the Indonesian government quickly
responded and took preventive measures to reduce cases of people infected with COVID-19.
Until now there is no drug or vaccine that can be proven to kill or inhibit the Covid-19 corona
virus. However, WHO announced that governments and pharmaceutical companies around the
world are developing vaccines and drugs to fight the corona virus. More than 20 candidates for
the corona virus vaccine are being developed worldwide.® Unfortunately, it seems that the
development of the vaccines took at least one year before it was completed and could be
distributed throughout the world. [Meanwhile, there are several types of coronavirus treatments
that have entered the stage of clinical testing of modern medicines such as Remdesivir and
chloroquine and herbal medicine such as curcumin (in vitro study).\

The emergence of this coronavirus novel suddenly and continues to spread rapidly which has led
experts to think of developing methods of rapid diagnosis and medicines for COVID-19
infectious diseases. Specifically in Indonesia, doctors have used several existing medicines both
using modern and herbal medicines. Researchers have been directly involved from international
and national institutions at the university and ministry of health to understand the mechanism of
infection, virulence, pharmacology, and possible drug and vaccine interactions as a beginning of
development. This review discusses the literature report on progress regarding diagnostic
methods and developmental therapies with the possible use of candidate compounds of modern
and herbal medicines for COVID-19 infectious diseases in Indonesia.

The Coronaviruses

Coronavirus (CoV), a genus of the Corona viridae family, is a positive-strand RNA virus with
the largest viral genome of all RNA viruses (27-32 kb) causing wide range of diseases mainly
related to respiratory system and infection may vary from the common cold to more severe
respiratory diseases.” Besides that, coronaviruses are enveloped 80 to 160 nm particles which all
coronaviruses virion particles contain 4 or 5 structural proteins, spike (S) protein, membrane
protein (M), hemagglutinin-eterase (HE) protein, nucleocapsid (N) protein, and small envelope €
protein.® In addition, The virion structure of coronaviruses consists of the S glycoprotein forms
the large, petal-shaped spikes on the surface of the virion having 180 to 200 KDa molecule that
is cotranslationally glycosylated in the endoplasmic reticulum (Figure 1).2

f‘l’here is current outstanding infections which is caused by Coronavirus namely SARS-CoV-2%°
which at the end of 2019 a new coronavirus (NCoV) fis found a new strain of coronavirus and has

appeared that was not identified in humans previously| For example zoonoses that indicate this

virus is found in animals and then transmitted from animals to humans."" Some of these
coronaviruses can cause disease in humans and many other viruses such as dogs and cat viruses
are known to only infect animals and recently the corona virus has infected humans and can
infect humans spread through human-to-human transmission. This case is thought to occur in a
new coronavirus that causes COVID-19 disease.
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COVID-19 symptoms and infection transmission

COVID-19 can spread rapidly through transmission of infection from humans to other people
both in people who have symptoms or are asymptomatic or carrier. [n infected people with this
virus easily spread through liquid droplet when the patient coughs or sneezes, Transmission in
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certain cases is usually found in the closest people where transmission so far can be through the
air.'2 Meanwhile, Such asymptomatic human beings serve hidden carriers of virus and
may similarly contribute in greater transmission of virus to other peoples| This manual

transmission can also spread if the patient has symptoms. In addition, vertical transmission of the
al. in a small group of pregnant women. They suggest the absence of COVID-19 interauterine
vertical transmission from unborn mothers. The emergence and the spread of this new virus,
focused on the increase in human populations as the main factor. This increase shows that
population density increases the likelihood of transmission of new infections due to an increase
in humans which causes proximity of the population which rarely results in auto-separation or
reduction of infection.*

In summary, these and other researchers have determined that nCoV-2019 is transmitted from
person to person when a person comes into contact with the secretions of an infected person.
This means the virus is transmitted via coughing, sneezing, shaking hands, touching infected
object then touching eyes, mouth or nose, and handling the waste of an infected person.**

Symptoms of patients infected with COVID-19

Symptoms of COVID-19 are indicated by the occurrence of respiratory distress similar to SARS
which marked respiratory infections on COVID-19 patients including runny nose, fever, cough,
shortness of breath, sore throat, and mild to moderate upper respiratory tract illness. In severe
cases, patients can experience pneumonia, SARS, kidney failure and even death in many cases.
The patients advanced full signs of the COVID-19 in 2 to 7 days i.e. the median incubation
duration of infection development changed into 4 days with an interquartile variety of two to 7
days in all patients."
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In clinical research studies conducted by Guan, et al. showed a pattern of various diseases in
which the middle-aged infected patients studied were 47 years indicating an infection in people
of all ages.” Furthermore, of the total patients studied, 41.9% were women showing no gender
differences in the spread of infection on all patients. The report states that the primary composite
endpoint occurred in 6% of patients. Whereas in Indonesia, data show similar cases that occur
with residents of Wuhan city, there is no gender difference in people infected with COVID-19
which data showed the highest death rates until 20 March 2020 showing 8.4% of patients.!"*®
Meanwhile, the elderly and young children are most at risk from the infection. This is similar to
SARS, though it appears nCoV-2019 is less lethal than SARS and MERS. Around 15 to 20% of
cases can become severe. The lethal rate is about 1 in 10 according to doctors. The nCoV-2019
virus, just as was SARS and MERS, is an enveloped virus. This means the virus is protected by a
glycoprotein shell. This is why these viruses are so difficult to treat.™

The general symptoms which experienced by some patients are coughing and fever but some
patients also do not experience fever symptoms. It means that the patient can infect other patients
without symptoms (43.8% at admission and 88.7% during hospitalization) and almost two-thirds




of patients experience coughing (67.8%). Blood tests show lymphocytopenia showing the level
of lymphocytes is low and abnormal in the majority of patients around 83.2% which are admitted
to the hospital. In addition, diarrhea is uncommon in most patients, only about 3.8% of patients
experience diarrhea. These symptoms were observed for 2 to 7 days® in which the incubation
period of infection progressed for 4 days with an interquartile range of 2 to 7 days in all
patients.?*

Preventive measures

All countries including Indonesia need the preventive measures in overcoming the spread of
COVID-19 as a pandemic disease which there is no known availability of emergency medicines
or vaccines as therapies for COVID-19. Therefore, handling of infected patients has been
recommended as one step to control the rampant spread among people and is difficult to force
the isolation of infected patients because this causes many social problems. Like many reports in
the Indonesian media, the practice of forced confinement of infected people at home is very
difficult to be done by health workers and the police. f‘l’he isolation of infected individuals
supported with the provision of complete hospital treatment (in hospitals) may be a moral way of
control.”? In this direction, appropriate research studies must be carried out to understand the best
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approach in infection prevention including assessing whether Indonesia is able to slow the spread
of COVID-19 to infected people.”®

In Indonesia, masks and hand sanitizers are widely used in preventing the transmission of
COVID-19. Medical masks can help to prevent direct exposure to liquid droplets from infected
people who are sneezing and always wash or clean their hands with a hand sanitizer. While in
other cases with the use of an improper mask can cause an increased risk of transmission of
infection which especially infections from people without symptoms and through infected people
on surface exposure poses a higher risk of transmission than people who do not properly use a
mask.?* This occurs because people who wear a mask can touch the mask itself and the mouth or
face part more often than people who do not use masks. This frequent touching of mouth and
face part pose higher possibility of reaching of virus to person’s respiratory system on exposure
of hands with contaminated surfaces (in shops, malls, buses, and other public places) or hand
shake with asymptomatic person. So, care should be taken to avoid frequent touching of own
face particularly mouth, nose and eyes (whether wearing mask or not).?

The standard procedures which are recommended for preventing the spread of infection are more
effective in controlling the spread and keeping things safe. [The most crucial include ordinary
hand washing, an exercise easy however very powerful. Washing of palms after any go to public
places might hold the virus (although exposed to contaminated surfaces) away from getting
transmitted or one getting infected. other practices encompass overlaying mouth and nostril
when coughing and sneezing to prevent the unfold especially if the person is asymptomatic or in
preliminary degrees of contaminationl.ze*27 Besides that, cooking food properly like meat, eggs,

and food from animals can destroy the virus. In practice, one must avoid close contact with
anyone showing symptoms of respiratory illnesses such as cough, flu, asthma, pneumonia, and
tuberculosis. Therefore, this simple precaution can be carried out effectively in controlling the
spread and holding the virus itself.
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Life cycle of SARS-CoV-2 (COVID-19) virus and infection

Novel Coronavirus 2019 (COVID-19) has a life cycle mechanism consisting of 3 parts, namely
entry, replication and release which can be seen in Figure 2.

Firstly, infection begins when the viral spike (S) glycoprotein attaches to its complementary host
cell receptor. After attachment, a protease of the host cell cleaves and activates the receptor-
attached spike protein. Depending on the host cell protease available, cleavage and activation
allows cell the entry by endocytosis or direct fusion of the viral envelop with the host
membrane.”®

On entry into the host cell, the virus particle is uncoated, and its genome enters the cell
cytoplasm.? The coronavirus RNA genome has a 5'-methylated cap and a 3’-polyadenylated tail,
which allows the RNA to attach to the host cell's ribosome for translation.*® The host ribosome
translates the initial overlapping open reading frame of the virus genome and forms a
long polyprotein. The polyprotein has its own proteases which cleave the polyprotein into
multiple nonstructural proteins.**

Secondly, coronaviruses do replication and transcription of RNA from an RNA strand by the
mechanism of SARS-CoV-2 replication by binding on cell surface molecules such as
metalloprotease amino peptidase having hemagglutinin esterase (HE-protein) and N-acetyl
neuraminic acid as co-receptor. After that, virus gets into the host cell by fusion of viral and cell
membrane or by receptor mediated endocytosis in that the virus is incorporated via an endosome,
which is subsequently acidified by proton pumps. Meanwhile, virus can produce directly their
proteins and new genomes in the cytoplasm particularly single positive stranded RNA gen.
Otherwise, the negative strand serves as template to transcribe smaller subgenomic positive
RNAs which are used to synthesize all other proteins. After binding, assembled nucleocapsids
wit3r21 helical twisted RNA enter into the ER lumen and are encased with its membrane (Figure
2).

Thirdly, The replicated positive-sense genomic RNA becomes the genome of the progeny
viruses. The mRNAs are gene transcripts of the last third of the virus genome after the initial
overlapping reading frame. These mRNAs are translated by the host's ribosomes into the
structural proteins and a number of accessory proteins.® RNA translation occurs inside
the endoplasmic reticulum. The viral structural proteins S, E, and M move along the secretory
pathway into the Golgi intermediate compartment. Therefore, the M proteins direct most protein
interactions required for assembly of viruses following its binding to the nucleocapsid.* Progeny
viruses are then released from the host cell by exocytosis through secretory vesicles.**

Diagnosis
fThe characteristic proper prognosis of COVID-19 infection is the first line of manage and a
finding out aspect inside the initiation of the course of remedy. The difference in COVID-19
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from the common cold is essential for everyone to know for proper treatment. Sometimes the
results of preliminary examinations in infected people do not provide a clear diagnosis of
COVID-19 infection. Therefore, doctors usually ask the symptoms to the patient in detail to
determine diagnosis accurately such as cough, flu, fever and others. The initial intervention,
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sputum examination and other diagnostic tests help in determining the right early infection.
Possibly the number of days from the first day of infection is taken at the laboratory to
recommend individual diagnostic tests such as:



https://en.wikipedia.org/wiki/Protease
https://en.wikipedia.org/wiki/Viral_entry
https://en.wikipedia.org/wiki/Endocytosis
https://en.wikipedia.org/wiki/Lipid_bilayer
https://en.wikipedia.org/wiki/Lipid_bilayer
https://en.wikipedia.org/wiki/Host_(biology)
https://en.wikipedia.org/wiki/Uncoating
https://en.wikipedia.org/wiki/Genome
https://en.wikipedia.org/wiki/Cytoplasm
https://en.wikipedia.org/wiki/Cytoplasm
https://en.wikipedia.org/wiki/Five-prime_cap
https://en.wikipedia.org/wiki/Polyadenylation
https://en.wikipedia.org/wiki/Ribosome
https://en.wikipedia.org/wiki/Reading_frame
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Protease
https://en.wikipedia.org/wiki/Proteolysis
https://en.wikipedia.org/wiki/Viral_shedding
https://en.wikipedia.org/wiki/Viral_shedding
https://en.wikipedia.org/wiki/Endoplasmic_reticulum
https://en.wikipedia.org/wiki/Vesicular-tubular_cluster
https://en.wikipedia.org/wiki/Nucleocapsid
https://en.wikipedia.org/wiki/Exocytosis

RT-PCR

The standard technique for determination is by reverse transcription polymerase chain reaction
(rRT-PCRg from a nasopharyngeal swab or sputum sample, with results inside a couple of hours
to 2 days.* Sample measurement (Swab test) consists of some steps using RT-PCR which is
figured out in Figure 3.

ELISA
Antibody assays can also be used, using a blood serum sample, with results within a few days.*

CT-Scan

The contamination can likewise be analyzed from a mix of side effects, chance elements, and a
chest CT scan demonstrating highlights of pneumonia.®® The fundamental diagnosis reports from
medical clinics in China show that the majority of COVID-19 infected patients were determined
with pneumonia and trademark CT imaging patterns,®’ radiological assessments have become
imperative in early determination and appraisal of disease course.® CT scan of various COVID-
19 contaminated patients differed in pattern® and almost 50% of patients could be discovered of
disease from pictures. On admission to emergency clinics, the ground-glass haziness was the
most widely recognized radiologic finding on chest figured tomography (CT)* of 56.4% of
patients.”’ The longitudinal CT discoveries of a COVID-19 infected patient with pneumonia
demonstrated sorted out example of CT images in follow up check over the course of treatment.
Besides that, it was seen that numerous patients did not have strange radiologic findings.**

Treatments of COVID-19

There is an urgent demand from WHO and various countries in the world for new COVID-19
disease treatment therapies. The deadly nature of the spread of this virus produces fear in
everyone. Infection caused by this disease in the form of SARS which can cause death and there
is no drug that is scientifically proven to kill this new virus. Each country can only do reducing
the spread of infectious diseases by physical distancing and maintaining cleanliness of the body.
International organizations such as WHO have invited researchers around the world to find
vaccines, new drugs and diagnostic development for SARS-CoV-2 and COVID-19. The Director
General of WHO has prioritized the main research to prevent the spread of COVID-19 by
developing new drug candidate both modern and herbal medicines for therapy and diagnosis that
areseasily applied to identify active infections, asymptomatic and resolved infections of COVID-
19.

The mechanism of viral infection is the entry of the virus into cells and multiplication using a
host cellular mechanism that is characterized by damage to the host cell as a key for the
development of new drug compound therapies. To date, there is no definitive and recommended
therapy for COVID-19 due to new virus which is caused a viral infection and the curative
therapy for COVID-19 is an antivirus. However, all antivirals used in COVID-19 therapy in
almost all countries are still in the form of trial and error. Some of them refer to antiviral therapy
that was used during the SARS and MERS epidemic several years ago, for example using
lopinavir, ritonavir, ribavirin, oseltamivir, and others. These drugs have been used and were quite
effective in dealing with SARS and MERS during the past epidemic. Likewise in Indonesia,
there are no definitive guidelines for dealing with COVID-19 and only rely on existing drug
preparations, for example oseltamivir which is currently widely used in dealing with COVID-19.



With the start of the COVID-19 outbreak in China, Indonesia has tried to refer to China
regarding the drugs used, including chloroquine and Avigan. Some prospective drugs are
considered to direct current applications or the development of new therapeutic drugs including
modern and herbal medicines includes:

Entry inhibitors

The SARS-CoV-2 virus infects the respiratory system and alveoli cells in the lung sac which will
become host for the viral infection. In general, viruses enter the host cell by forming a complex
between the virus projections (crown such as spikes or lobes) with receptors on the host cell.
Whereas the exact structure of the spike®” or lobe virus and receptors on host cells for SARS-
CoV-2 is not yet fully known but prior experience of coronavirus (B-family) is responsible for
SARS infection and has similarities in the form of entry in host cells.*® Recently it has been
found that Angiotensin-converting enzyme 2 (ACEZ2) is a cellular receptor for the SARS corona
virus, (SARS-CoV) and (SARS-CoV-2).* Angiotensin-converting enzyme 2 (ACE2) has some
homology with angiotensin-converting enzyme (ACE) but not inhibited by ACE inhibitors. A
previous SARS case was characterized by an infection that was started by a transmembrane (S)
spike in glycoproteins which binds to the host receptor and combines viruses and cell
membranes. The identification of the viral / spikes lobes molecular structure will take time, but
the development of facilitated heterocyclic drug molecules or existing heterocyclic screening
may be able to bind the entry inhibitor drug.*®

Replication inhibitors

The corona virus is an RNA virus utilizing host cells for genomic replication which encodes the
RNA-dependent protein polymerase (RdRp), which allows the viral genome to be transcribed
into new RNA copies using host membrane cells. The viral genome replication mechanism
serves potential targets for the control of viral infections then nucleoside analogues and potential
polymerase inhibitors used as antiviral drugs®® can be potentially effective with SARS-CoV-2.
\RNA polymerase inhibitors such as Remdesivir and Favipiravir (Avigan) (Figure 4, A and B)
are nucleotide adenosine analogue antiviral for Ebola virus and other array RNA viruses which |
have shown promising results in clinical control of SARS-CoV-2 pneumonia in cell culture in
vitro and certain clinical cases.” This requires more evaluation further from potential
applications with more patients. Many other nucleoside analogues including DNA synthesis
inhibitors such as tenofovir, disoproxil, lamivudine and other antivirals have the potential to
inhibit the multiplication of SARS-CoV-2 viruses and are being evaluated through molecular
docking studies® and testing in infected cell culture.

Avigan is the patent name for favipiravir, also known as T-705, an antiviral drug developed by
Toyama Chemical (Fujifilm group) of Japan with activity against many RNA viruses. In Japan,
this drug was originally developed as a cold medicine. In February 2020, Favipiravir was used in
China for trials of emerging COVID-19 (novel coronavirus) disease. The action mechanism of
favipiravir inhibits synthesis of viral RNA polymerase selectively (Figure 5).* Other studies
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have shown that favipiravir induces mutant of RNA transversion mutations, resulting in a viable
viral phenotype. Favipiravir is a product that is metabolized by human hypoxanthine guanine
phosphoribosyltransferase (HGPRT) into its active form, namely favipiravir-ribofuranosyl-5-
triphosphate (favipiravir-RTP). This drug is available in oral and intravenous formulations.
Favipiravir does not inhibit the synthesis of RNA or DNA in mammalian cells and is not toxic to




them. In 2014, favipiravir was approved in Japan as a backup drug against influenza pandemics
and to treat a type of virus that was not responsive to antiviral at the time. During this COVID-19
pandemic, in a limited clinical trial with 80 subjects, favopiravir showed an antiviral potential for
SARS-CoV-2 that was better than lopinavir / ritonavir.® In March 2020, the Chinese
Government stated that favipiravir appeared to be effective in overcoming COVID-19.

Protease inhibitors

Protease enzymes are involved within the maturation stage of virus replication inside the host
mobile and related to protein or peptide translation. Lopinavir and ritonavir (Figure 4, C and D)
are anti-HIV drugs that have been approved and a combination of both has shown potential drug
compounds in the inhibition of SARS-CoV-2.°"%2 A report of Lim J et.al. concerning the remedy
of a COVID-19 affected person in Korea indicated that at the administration of
lopinavir/ritonavir (Kaletra, AbbVie) to the patient, apparently, 3-coronavirus viral hundreds
reduced extensively and on similarly remedy, no or little coronavirus titers were discovered.”*

rThis means that a detailed analysis is needed for the recommendation of this drug formulation
for the remedy of COVID-19 as a candidate of new drug compoundsl. Molecular docking of
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potential inhibitors can provide clear information because detailed docking simulation results
have shown important input in previous SARS cases and other viral infections.>**® However,
both of them still need a lot of clinical data to prove the efficacy and safety in the human body.

Heterocyclic anti-viral

Many heterocyclic drug molecules have been used in the treatment of viral infections in the past
and are thought to be probably slightly effective in inhibiting SARS-CoV-2. Chloroquine was
originally a drug used to treat malaria as an antiplasmodium. fThis drug contains a quinoline
group (Figure 4, E) and inhibits the activity of the enzyme heme polymerase which converts
heme into hemozoin, resulting in the accumulation of free heme. This accumulation of heme
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causes death of the Plasmodium parasite that causes malaria.”® However, with the decrease in
malaria and the emergence of plasmodium resistance to Chloroquine, it is no longer used as an
antimalarial drug.

It turns out that chloroquine (and hydroxychloroquine) can also be used for antiviral therapy.
Gao et al. (2020) reported that chloroquine has a strong antiviral effect against the SARS-CoV
virus in primate cells. This inhibitory effect is observed when cells are treated with chloroquine
both before and after exposure to the virus, which shows that chloroquine has both a preventive
and therapeutic effect. In addition, to what is known that chloroquine increases endosomal pH
which inhibits viral replication and appears to interact with cellular ACE2 receptors (Figure 6).>’
This causes inhibitions of the binding of the virus with the receptor which prevent infection and
spread of the SARS-CoV-2 virus at concentrations that can cause clinical symptoms. In the
SARS-CoV-2 pandemic in China, chloroquine was used at a dose of 500 mg for adult 2 times a
day, duration of therapy <10 days.”® Chloroquine (and hydroxychloroquine) is also currently
being tried in Malaysia at the same dosage used in China and also in Indonesia.

Meanwhile, there are several other heterocyclic antiviruses that have been used as antivirals such
as HIV, HIN1, HIN5 and SARS, all of which will be further investigated to deal with SARS-
CoV-2. Oseltamivir (Tamiflu) which has been widely used as a neuraminidase inhibitor for the
treatment of influenza which has been recommended for symptoms of COVID-19.*° In addition,
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other candidate compounds that can be evaluated and potentially have antiviral activity against
SARS-CoV-2 are compounds other than heterocyclic based on ACE2 peptides namely 3CLpro
inhibitors (3CLpro-1) and vinysulfone protease inhibitors.*® |According to Mourse et al. also
stated that the combination of hydroxychloroquine and azithromycin as a treatment of COVID-
19 showing it is significantly associated with viral load reduction on clinical study even though
small sample size.®" |

[Comment [T22]: Already rewrite this sentence ]

Nano drug delivery systems

Drug delivery systems in the form of nanoparticle preparations have been widely used to
improve the bioavailability of drugs in the blood and deliver drugs as antiviral especially
nucleoside analogues which are conjugated with potential delivery systems that have been
applied in resistant HIV infection drugs.®*®® Amount of drugs accumulated in the nano delivery
system can be used as a new drug in the formulation development which is capable to deliver
drugs with a faster therapeutic index for COVID-19.°%® One example of delivery of nano
treatment can be seen in the efficacy of chloroquine against COVID-19 as inhibitor of
nanoparticle endocytosis through macrophages. Therefore, chloroquine decreases the
accumulation of synthetic nanoparticle of various sizes (14-2,600 nm) and is spherical and
discoidal in cell lines.®®

Biological therapeutics

Antibody therapy is very possible for the treatment of COVID-19 infections. However, the
discovery of this vaccine still requires a long time around 1 year and temporarily can use several
treatment options to prevent the spread of COVID-19. According to Tian et al reported that
SARS-CoV-2 specific human monoclonal antibodies such as CR3022 which are intended to bind
strongly to SARS-CoV-2 RBD (KD 6.3 nM).”® Reported CR3022 epitope does not overlap with
the ACE2 binding site in SARS-CoV- 2 RBD. These unique binding results indicate the
possibility that CR3022 can be developed as a therapeutic candidate in its own way or in
combination with other antibodies. However, fin vitro frials and clinical studies are needed to
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obtain accurate clinical data for the prevention and treatment of COVID-19 infections.”

In developing a new vaccine one must pay attention to the similarity of immunogenic structural
proteins with COVID-19 such as SARS, MERS which has been used before to be used for
SARS-CoV-2." According to Ahmed et al stated that his work had identified a set of B cells and
T cell epitopes that derived from spikes (S) and nucleocapsid proteins (N) that can map
identically with the SARS-CoV-2 protein.” Reports suggested that the identified epitope has no
mutase in the SARS-CoV-2 sequence that was available. So this target immune epitope has the
potential to be explored in the fight against the SARS-CoV-2 virus which the glycoprotein spike
of SARS-Cov-2 has antigenicity. This is the direction of developing a new vaccine against
SARS-CoV-2. However, the final results will depend on in vitro jand future clinical trials.”
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Herbal drugs

Several anti-SARS agents have been tested for coronavirus-specific therapy, however, an
effective SARS antiviral therapy has not yet been established.” " Some modern drugs have
shown a broad antiviral activity which is most frequently administered as a SARS-antiviral agent
in combination with antibacterial drugs. However, this has little activity against SARS-CoV ]in
vitro\ having specific monoclonal antibodies, pegylated interferon-a, siRNA, and several protease
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inhibitors have also been tested against SARS-CoV." Therefore, some researchers in the world
particularly Indonesia have utilized herbal drugs to test several candidates of active compounds
which are derived from plants or herbs.

According to Ul and IPB researchers stated that they have conducted research originating from
several plants in Indonesia which chemical compounds contained in these plants could
potentially prevent COVID-19 infection in the form of molecular docking in silico.”® The model
of research that has been done can be seen in Figure 7. Based on the results of prediction models
with machine learning methods (SVM, random forest and MLP neural network) associated with
20644 interactions of protein compounds. The results are 31 herbal compounds with 5 target
proteins 3CLPro, PLPro, Spike-ACE2, EIF4 and RdRp. Modeling of structure and ligand based
pharmacophores was performed virtual screening with 1,377 compounds from the HerbalDB
database.”” The results of compound hits from machine learning and pharmacophore mapping
were confirmed using molecular docking.

Guava (Psidium guajava) with pink flesh contains active compounds including myricetin,
quercetin, luteolin, kaempferol, isorhamnetin®, and hesperidin™. Luteolin is known as a furin
protein inhibitor® which is assumed as one of the enzymes that breakdown the Corona virus S
(spike) protein as in MERS into units S1 and S2.%" In the S1 unit, there is a [receptor binding
domain (RBD) where the ACE2 peptidase binds so that the virus can bind to the host cell.®* The
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Hesperidin / hesperitin compound in the silico study is known to inhibit the RBD domain
binding of the SARS-COV-2 Spike protein with ACE2 receptors in humans so that it is predicted
to potentially inhibit the entry of the SARS-COV-2 virus.% It is also known that luteolin is a
neuramidase inhibitor as well as oseltamivir which is currently one of the drugs used in the CDC
protocol.

Hesperidin (a form of hesperidin aglycone) and Quercetin are also known to act as inhibitors of
3CLpro virus proteins.3*#* Other compounds in guava such as myricetin are known to act as
SARS coronavirus helicase inhibitors.®® The kaempferol has the potential to be a non-
competitive inhibitor of 3CLPro and PLpro as well as quercetin.® Another interesting thing is
kaempferol acts as a autophagy modulator which both as an inducer and inhibitor, both of which
can be utilized in strategies to inhibit the SARS-COV-2 virus.,
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Meanwhile, Indonesia is also famous for its variety of cooking condiments which are derived
from plants. One of the commonly used condiments for cooking or herbal medicine for
Indonesian people is empon-empon consisting of ginger, turmeric, galangal, curcuma and
lemongrass. It is not only herbs but also animals such as snakehead fish which can improve
immune system in the body due to high protein and amino acids.®*® According to UNAIR
researchers stated that the approach that can be taken in the public by consuming empon-empon
to boost the immune system to avoid COVID-19.%

Herbs containing curcumin and turmeric have been consumed and proven by Indonesian people
for centuries and to be safe and beneficial to health. For example maintaining health, fitness /
vitality, and maintaining liver and digestive health based on empirical experimental evidence.
Both ginger and turmeric contain hundreds of bioactive compounds, one of which is curcumin.
Various studies have been carried out in the world in vitro and preclinical test showing that




curcumin is anti-inflammatory, antiviral, antibacterial, antifungal and antioxidant based on
scientific evidence.*" %

One of the benefits of curcumin obtained from clinical trials is to increase the body's immune
system or act as an immune-modulator. Recent research on curcumin against the SARS-CoV-2
virus which is an agent or cause of COVID-19 disease shows that the SARS-CoV-2 receptor is
an enzyme ACE2 found in host cells (human cells especially alveolus cells in the lung).
However, the cell entry of the virus not only depends on the binding of the spike virus protein to
the receptor on the host cell (ACE2) but also on the pad priming protein spike by the host cell
protease (TMPRSS2). Functionally there are 2 forms of ACE2, the fixed form attached to the
cell surface and the free-form soluble form in the blood. The soluble form ACE2 is projected to
be one of the SARS-CoV-2 antivirus candidates through a competitive interceptor mechanism
that prevents bonding between virus particles and ACE2 on the surface of the host cell. In
addition, bio-informatics research published in March 2020 and recent literature has mentioned
curcumin as one of the SARS-CoV-2 antiviral candidates, it is expected that curcumin in ginger
and turmeric can increase the expression of ACE2 in the form of soluble which can inhibit the
bon(sj)isng between the viral protein and the fixed form ACE2 found on the surface of the host
cell.

Conclusion

The sudden outbreak of COVID-19 in Wuhan, China made all countries in the world panic
because it spread very quickly and killed many people so that WHO issued a statement that this
disease is a pandemic that threatens the lives of many people. Therefore, every country has an
obligation to protect its people by providing an education protocol to prevent the spread of
COVID-19. In many new cases, clinical staff gain infected from patients who visit hospitals so
that infected cases increase the spread of the virus through human-to-human transmission,
creating an urgent need for the development and approval of a standard therapy protocol
including structural details and a complete life cycle of the virus, preventing the spread of the
virus, adequate virus testing tools to ensure SARS-CoV-2 infection. Several drugs that have been
evaluated for the treatment of COVID-19 show promising results for clinical applications such as
chemical and herbal medicines that have been clinically tested in reducing this novel viral
infection and assisting a number of patients in safe recovery from COVID-19. Furthermore, as
knowledge about SARS-CoV-2 advances, new therapies including vaccines and monoclonal
antibodies can be found in the near future. So far, effective treatments for COVID-19 are
unknown but potential therapeutics can be found from clinical evaluation of existing antiviral
drugs are being researched and continued against new coronaviruses.
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Table 1. Active compounds having the potential as antiviral SARS-CoV-2%
[ | Gmems o
Rhamnetin 3-mannosyl-(1-2}-alloside Cassia alata
Kaempferol 3,4'-di-O-methyl ether (Ermanin) Tanacetum microphyllum
Brassica Oleracea ; Ipomoea
Batatas; Raphanus Sativus
Psidium guajava

3CLpro
Cvanidine 3-sophoroside-5-glucoside
Clitorla Ternatea

Casuarinin
Ipomoea fistulosa

Quercetin 3-(2G-rhamnosylrutinoside)
Peanidine 3-(4’-arabinosylglucoside)
Hesperidine Psidium quajava
Citrus aurantium

Plpro Platvcodin D Platvcodon grandiflorus
Baicalin Scutellaria baicalensis

Sugetriol-3,9-diacetate Cyperus rotundus

Phaitanthrin D Isatis indigotica
Camellia sinensis

Vitis vinifera

2,2-di(3-indolyl)-3-indolone
((—)-epigallocatechin gallate

2-(3,4-Dihydroxyphenyl)-2-[[2-(3,4-dihydroxyphenyl)-3,4-dihydro-5, 7-dihydroxy-2H-1-
benzopyran-3-yl]oxy]-3,4-dihydro-2H-1-benzopyran-3,4,5,7-tetrol
[ | oomoms | sows |
Betulonal Cassine xvlocarpa
Gnidicin Gnidia lamprantha
Viola diffusa

Andrographis paniculata

RdRp.
Gniditrin
2B,30B-dihydroxy-3,4-seco-friedelolactone-27-lactone
14-deoxy-11,12-didehydroandrographolide
Swerti apseudochinensis
Camellia sinensis

1,7-dihydroxy-3-methoxyxanthone
theaflavin 3,3'-di-O-gallate
2-(3,4-Dihydroxyphenyl)-2-[[2-(3,4-dihydroxyphenyl)-3,4-dihydro-5,7-dihydroxy- Vitis vinifera
2H-1-benzopyran-3-yl]oxy]-3,4-dihydro-2H-1-benzopyran-3,4,5,7-tetrol
Hesperidine Psidium guajava
Citrus aurantium

Spike-ACE2
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preprints in scholarly communication, and thersfore you should use caution.

2- Tables should be cell-based and created in Microsoft Word with the Tables tool withreal rows and columns and not aligned with tabs, returns, or spaces. Tables axported from other software as non-aditable
imagesare not acceptable. Pleasa make sure the table direction is set "left-to-right.” Tablas with direction set inversely as right-to-left are not acceptable and should be re-drawn. Right-to-left tables are often
mistakenly drawnwhen middle-eastern languages such as Persian or Arabic are installed on Microzoft Word.

J-Are all Agures original? In order to publish all figuras as open access, authors must have permission from the rights holder if thay wish to include images that have been publishad elsewhere in non-opan-access
Journals. Graphics downloaded from Web pages should not be used unless the author has a right to re-publish those as open access, The original source and the permiszion should be indicated in the figure legend,
and acitation should be included in the reference list.

4-English should be checked by anexpert. Read the article once again and adit the wording, punctuation and grammar errors.

5-Pharmaceutical Sciences scans every manuscript submitted using plagizrism-detacting software [ithenticate). In vour manuscript, software has detected plagiarism in some minor sentencas (plezse ses the

attached fila).
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Dear Dr. Robert Tungadi

Iith thanks for your submission enttled "COVID-1%: Clinical Characteristics and Molecular Levels of Candidate Compounds of Prospective Herbal and Modemn Drugs in Indonesia’, please find out the reviewers comments as

i

follow Reviewers have now commentad on your paper You will see that they are advising that you revise yeur manuscript. If you are preparad to undertake the wark required, | would be pl dtor my decision. If
you decide to revisa the work. pleass submit a list of changes or a rebuttal against each point which is being raised when you submit the revised manuscript.

The deadline for submission of revision is two months after receiving a decision on manuscript

Thanks again fer your cooperation.

Best Regards,

Ali Shayanfar (Pharm.D, Ph.D)

Editor

Pharmaceutical Sclences (Indexed in 1SI and Scopus)

Reviewer 1:

Comments to the Author:
The authors ra-submittzd the paper entitled " COVID-19: Clinical Characteristics and Molecular Levels of Candidate Compounds of Prospective Herbal and Modam Drugs in Indonasia”

Thanks for re-submitting your article.

Comments and suggsstions to the article:
The most important poinis include:

a @ e




8 ps.tbzmed.acir/letter/ps-33390/Major_Hevision

Comments and suggestions to the article:
The most important poinis include:

. Please apply all the previously requestad ravisions in the manuscript or send additicnal explanations in the form of a rebuttal letter. Some of the requested items have not yet been corected or explained. (e.g All
paragraphs in each acadamic writing should be unified, coherent, and ralevant. Flease reviss the whele manuscript. In addifien, you have used numercus ropetitive sentancas in different sections ef your manuscript.
Please remove imelavant statements in each section. Flease check your manuscript for grammar, pmper preposiion, missing words and unclear in all sentences because, in spite of English language edit certification
that you have attached, the manuscript has some sciantific srrors which most of them are mentioned in detailed suggest part)

= = Please note that Coronavirug disease 2019 (COVID-19) is an infectious disease and Severe acute respiratery syndrome coronavirus 2 (SARS-CoV-2} is the strain of coronavirus that causes COVID-19. Please
use the teims correctly In the whole manuscript.

« = The temm SARS-Cov-2 is the abbreviation of Severe Acule Respiratory Syndrome Caorenavirus 2 so it Is not necessary to use "virus” after this term again.

The detailed acditional suggestions:
“Abstract’ ssction:

= = The abbreviation used in abstract saction should ba defined separately defined at first mantion {a.g. CCVID-19, SARS-Cov-2, RT-PCR, CT-Scan).
“Introduction” sectlon:
= = The ahbreviation should be in parenthesis in frant of the complete phrase at first mantion in the manuzeript and used consistently thersafter Define COVID-19 and SARS appropriately

« - Coronavirus disease 2019 {COVID-19) is an infectious dissase and Severe acule respiratory syndroms coronavirus 2 (SARS-CoV-2) is the strain of coronavirus that causes COVID-19. Please use the terms
correctly (e g lines 20-21 and 36-37)
= -  Flease ensure that all sentences have appropriate references or edit them to avoid misunderstanding (e.g. the “This di is caused by a lethal virus in nature and is currently the highest leading

cause of mortality all over the world.")
= = Y¥bu have used numerpus repstitive sentences in different paragraphs of the infreducticn. Please merge them. (s.g. lines 31, 36-37, 48-50)

* COVID-19 symptoms and infection tansmission” section:
« +  Change the topic to "COVID-19 wransmission” because the symp are discussed elsewhare,

» = Please ensure that all sentences have appropriate references (e.g. lines 75-77).
« - You have used numerous repetitive sentences in diffzrent paragraphs of the infreduction. Please merge them. (e.g. lines 72-74, 83-85)
" Symptoms of patiznts infected with COVID-19" section:
.- Change the topic to “symptoms and mortality of COVID-15".
« = Please margs the first and third paragraphs dua to the similar content In addition, you have used repatitive santences in these two paragraphs, pleasa remove one of them (a.g. lines 94 and 111).
= = ltzeems that you meant acute respiratory distress syndrome (ARDS) instead of SARS in line 92. Please corract it

* = You mentioned “studies” in ling 36, however, only one reference is cited. Carrect one of them.
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« *  Please use the comect punctuation mark in line 126. Ve think that you meant " " Instead of ™" after “medical masks’. =

s+ The contents of second and third p
Indonesia.

“The Iife cycle of SARS-CoV-2 (COVID-19) virus and infection” section:

= = Please change ths topic to “The life cycle of SARS-CoV-2" or “The life cycle of COVID-19 virus™. The term SARS-Cov-2 is the abbraviation of Severe Acuta Respiratory Syndrome Corenavirus 2 za it s net
necessary to uss “virus® after this term again.

graphs seem similar, therefore it is recommanded to merge them You can explain the standard procadures first, then describe the praventive measured which are used in

= = Please defing the abbreviations used in the manuscript at first mention (2.g ER lumenin line 165}
‘Ciagnosis” section.
« = The sentence “The proper diagnosis characteristics used fo manage COVID-19 is finding out the initiation of the course of remedy " doesn't seem comect Plzase rawrite it

= - You mentionzd “the initial intervention” as a diagnestic test in the sertence “The initial intervention, sputum examination, and other diagnestic tests help to determine the infaction sarly’. Pleas exactly define what
doyou mean by “initial intervention”.

« = Please dofine the abbreviations used in the manuscript at first mention and use them consistently thereafier. {e.g. RT-PCR inline 85, ELISA in line 191 and CT-scan in fine 195).
‘Treatment of COVID-19" section.
» +  Plzase use one of the traatments or therapy in the sentence “procuce new COVID-19 freatment therapias” in line 209.

« - The sentence “to prevent the spread through the development of modern and herbal medicines for therapy end diagnesis and to easily identify aciive infections, asymptomatic, and patients” doesn’t seem correct.
Please rawrite it

= - The first paragraph of this section was discussed in the infroduction section. There is no need to repeat them again.
“Entry inhibitors” seclion:
= = Please rewrite the whole “antry inhibitors” section. Some impartant peints are listed as follow:

« = COVID-19is a viral infection. What do you mean by “worse than the viral infection” in the sentence “The S8ARS-CoV-2 virus infects the respiratory system and alveoli cells in the lung sac, which is werse than the
viral infection *? In addition it is not necessary ta use “virus” after the term SARS-Cal-2”

= - ltseems that the term COVID-15 is unnesded in the sentence "However, the exact siruciure or lobe of COVID-15 SARS-CoV-2 is not fully determined”

= = Wathink you mean the receptors of host cells. “although prier experienca of coronavirus (B-family), shows it haz similarities with the host cells of SARS "

« = e think you mean the inhibitors of ACE (ACEI) In the sentence "ACEZ has some homelogy with an angletensin-cenverting enzyme (ACE) although it s not Inhibited by ACE. In addition, you should cite suitable
farencas for the tioned sentence.”

“Replication inhibitors™ ssction:

v “COV

%15 an RNA virus that utilizes host cells for ganomic replication by enc

the RNA- dependent protein polymerase (RoRp). which
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s+ [n "Remdesivir and Favipiravir (Avigan) has the abiity to potentially effective SARS-CoV-2" sentence, wa think that you mean “affect’ instead of effective.

= - Inthe sentznce ‘Many other nuclzeside analogues including DNA synthesis such as tenofovir, di il ivudine, and other anfivirals have the potential to inhibil the multiplication of SARS-CoV-2 viruses” the
mentionad terms seem unnecessary. Additionally, it seems better to bring this part az the last paragraph afthe Replication |nh|bamrs section

= = Ybu stated thai “"Avigan is the patant name fer favipiravir’ but it iz the brand name or trade name of the favipiravir. Please corract it.

« = ‘fou have mentioned that Avigan was developed Lo Ireat cold in line 261, however, it was developed for influenza. Please comect il Also, In the sentence "The action mechanism of favipiravir inhibits...” the
mentioned terms seem unnecessary. you can delete them or you should add an appropriate varb.

« = The sentences 264-268 does not have any reference. Please add suitable references. Especially you should cite the reference for the sentence “it is not toxic” in line, which doesn'l seem rational.
« = You have used numernus repetitive sentences in lines 259-263 and 268-270 please mergs tham.

“Protease inhibitors” section:
.- Please describe what you mean by “host moblle” and ‘important input” in lines 275 and 282 or change the menticnad tarms.

= = The sentence ‘In addition the endosomeal pH which inhibits viral replication interacts with callular ACE2 receptors as shown in Figurs 7 doesn't seem corract, however, the figurs 7 is correct. The endozomal pH
helps viral replication and does not interfere with ACE2 receplors. Please rewrite and correct the sentence.

« = ltseems that you mean “clinical response” in the sentence “at concentrations that cause clinical symptoms * Please correct it

« - The sentznce “other candidate compounds evaluated with anfiviral activity against SARS-CoV-2 are heterocyclc based on ACE2 peptides namely 3CLpro inhibitors (3CLpro-1} and vi y If ir
dossnt seem correct. ACE? is the receptor on host calis, however, 2CL-pro is a viral structure. Please rewrite the sentence. Additionaly please comrectly define the abbreviations. 3CL-pro is the abbrewatmn of 3C-I|ke
proteinase.

.. According to the newly published studies, hydroxychloroquine especially when co-administered with azithromycin, Se we suggest to remove the sentence “According to Mourse et al. the combination of
hydroxychloroquine and azithromycin to traat the virus, shows that it is significantly associated with viral lead reduction on clinical study.” or you could add additional sentences and referances which shows the
controversy regarding the use of hydrexychloroguine.

“MNang drug delivery systems” section:

« = This section should be revised completely. Espedally the sentencas "It is accumulated in the nano delivery system and used as a new drug lo deliver drugs with a faster therapeutic index for COVID-19" and
“Chloraquine decreases the accumulation of synthetic nanoparicle of various sizes (14-2 500 nm} and is spherical and discoidal in cell lines

“Biological therapeutics” seciion:

« »  Please dzfinz tha RBD in line 325

« - You have used numerous repetitive sentences in lines 327-320 and 335, please merge them.
“Herbal drugs” section:

= = All paragraphs in each academic writing should be unified. coherent, and relevant. Pleasa revize the section.

=« = The first paragraph was discussed in other parts and is unnecassary, please remove it
s = Please define Ul IPB, PLPra, SWM EIF4, and UNAIR abbreviations:
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» = All paragraphs in each academic writing should be unified. coherent, and relevant. Please revise the section.
= = The first paragraph was discussed in other parts and is unnecassary, please remove it.

» +  Please define Ul IPB, PLPro, SVM, EIF4, and UNAIR abbrevialions.

« = Remove the s from "ACE2 raceptors in humans s"in line 360

- - Rewrite sentence 373.

.. Flease rawrite the whole paragraph “Herbs containing curcumin and turmeric have been consumed and proven by Indonesian for canturizs and beneficial to health. For example it is used 1o maintain fitness
vitality. liver, and digestive systems based on empirical experimental evidence. Both ginger and turmeric contain hundrade of bioactive compounds, one of which is curcumin. Various studiss have bosn camrisd out in
the world in vitro and preclinical tests showing that curcumin Is antl-inflammatory, antiviral, anilbacterial antifungal, and antioxidant based on scientific evidence.”

« = Please remove the line 334-3285 because thay ware discussad in other parts.
+ = The lines 363-350 belongs to the “The life cycle of SARS-CoV-2 (COVID-19) virus and infeclion” section. Please remove them from this part.
“‘Canclusion” section:
= - Please revise the whole paragraph. Especially the sentences *In conclusion, the sudden outbreak of COVID-19 in Wuhan, China, has led to a werldwide panic due to its rapid spread with the moriality rate” And

“there is an urgent need for the developmeant and approval of a standard therapy protocol, including structural details and a camplete life cycle of the virus, to prevent the spread.” And “Howsaver, further knowledge of
SARS-CoV-2 advances, new therapies, including vaccines and r lonal antibodies.. "

“Figures and Tables™ section.

= = The Figuras and Takles should be able to be interpreted indapendently, =o the abbreviatad tarms should be definad in the caption. Pleaze define all the abbravistions used in the figuresitable or the caption of them
in the first use, for each figure separately. (e g SARS-CoV-2, COVID-13, HE, 5. ER. SVM, etc.)
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Abstract

A recent outbreak of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) disease
also called Coronavirus disease 2019 (COVID-19) in China, has rapidly spread to other countries
of the world. The medical and scientific communities are working tirelessly to produce a vaccine
due to the lethal nature of this virus. COVID-19 is a novel virus that requires immediate
emergency therapy, thereby leading to massive fear of infection, social problems in the
community, and an increase in the number of infected people. Therefore, scientists and
researchers need to determine the epidemiological cases of the virus, such as its mode of
transmission, effective preventive measures, and the nature of the life cycle. In addition, there
need to be current literature advances in diagnostic development such as reverse transcription
polymerase chain reaction (RT-PCR), computed tomography san (CT-Scan), Elisa as well as
clinical researches on modern and herbal drugs for the treatment of infected patients. This
treatment technique is classified from antiviral drugs such as entry, replication, nucleosides,
nucleotides, and protease inhibitors, along with the use of heterocyclic drugs, monoclonal
antibodies therapy, vaccine development and herbal formulations that have been pre-clinically
tested in vitro and molecular docking. Chemical drug molecules with prospective applications in
the treatment of COVID-19 have been included in this review.

Keywords: COVID-19, antiviral, infection, herbal, modern drugs, pandemic

Introduction

In December 2019, the Chinese city of Wuhan experienced a rapid spread in an infectious
disease, which affected the respiratory system, thereby leading to a high mortality rate. This
virus, known as Coronavirus disease 2019 (COVID-19), soon spread to other countries and was
declared a pandemic by the World Health Organization (WHO).! Infected people show
symptoms of pneumonia, which is similar to SARS (Severe Acute Respiratory Syndrome). This
disease is caused by a lethal virus in nature and is currently the highest leading cause of mortality
all over the world.? The first reported case was in China, and within a few months, it has spread
to almost all countries and continents in the world.> According to studies, the most significant
numbers of cases of infected people are in South Korea, Italy, Iran, South Africa, the USA, and
Indonesia. In a recent update by WHO, over 90,000 people all over the world are infected with
approximately 3,000 deaths. China alone recorded 2,500 deaths by the end of February 2020.

The WHO declared the virus a pandemic due to its rapid spread in various countries. It is
speculated that this virus originated from different animals consumed as food in China. Early
transmission studies reported that it originated from local fish and wild animal markets with
possible transmission from animals to humans and vice versa. However, this speculation has not
been proven. This disease has led to a very high increase in mortality all over the world.”

In Indonesia, the virus was not in existence till the end of April 2020, based on data from the
Ministry of Health. Since its inception, there has been a rapid increase in the mortality rate due to
the high number of infected people.® Therefore, based on these data, the Indonesian government
quickly responded and took preventive measures to reduce the spread of this virus. Before now,
no drug or vaccine has been proven to kill or inhibit the COVID-19 virus. However, WHO
announced that over 20 countries and pharmaceutical companies around the world are
developing vaccines and drugs to fight the virus.® Unfortunately, this development is going to
take at least a year before completion. Meanwhile, several types of modern and herbal COVID-
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19 treatments have been clinically tested, such as Remdesivir and Chloroquine, as well as
curcumin (in vitro study).

The emergence and rapid spread of this virus have hastened the development of diagnosis and
medicines for the treatment of this infectious disease. In Indonesia, doctors have used several
existing modern and herbal medicines, with national and international health institutions, to
understand the mechanism, virulence, and pharmacology of the virus to develop possible drugs
and vaccines. This review discusses the literature report on progress regarding diagnostic
methods and developmental therapies with the possible use of candidate compounds of modern
and herbal medicines for COVID-19 infectious diseases in Indonesia.

The Coronaviruses

Coronavirus, a genus of the Coronaviridae family, is a positive-strand and the most significant
viral genome of all RNA viruses (27-32 kb), causing a wide range of diseases related to the
respiratory system. The symptoms may vary from the common cold, dry cough to more severe
respiratory diseases.” Furthermore, it consists of 80 to 160 nm particles, 4 or 5 structural spike
(S), membrane (M), hemagglutinin-esterase (HE), nucleocapsid (N), and small envelope €
proteins. In addition, the virion structure consists of S glycoprotein, which forms petal-shaped
spikes on the surface with 180 to 200 KDa molecule that is cotranslationally glycosylated in the
endoplasmic reticulum as shown in Figure 1.8 SARS-CoV-2 was an new strain of the current
virus, % which was transmitted from animals to human™*, however, the new coronavirus infects
humans.

COVID-19 transmission

COVID-19 spreads rapidly amongst humans with symptoms and asymptomatic carriers. The
virus is easily spread when the liquid droplet of an infected person drops on surfaces when the
patient coughs or sneezes. Transmission in certain cases is usually through the air, by staying
close to an infected person.*? Meanwhile, asymptomatic patients are hidden carriers of the virus
and contribute to a greater transmission of the virus. This manual transmission also spread,
assuming the patient has symptoms.® In addition, vertical transmission of the virus from mother
to child has not been observed according to research conducted by Chen H et al. in a small group
of pregnant women. They stated that the virus is vertically intrauterine and non-transmittable
from mothers to unborn babies. The emergence and the spread of this new virus is due to the
increase in human populations which causes proximity.*>

Symptoms and mortality of COVID-19

Symptoms of COVID-19 are indicated by the occurrence of respiratory distress similar to SARS,
which marked respiratory infections on COVID-19 patients. These include runny nose, fever,
cough, shortness of breath, sore throat, and mild to moderate upper respiratory tract illness. In
severe cases, patients experience pneumonia, SARS, kidney failure, and even death. An infected
patient shows full signs of the virus within two to seven days. However, the median incubation
duration of infection development changed to 4 days with an interquartile variety of 2 to 7 days
in all patients.'® This is known as the incubation period which progresses for four days with an
interquartile range.?
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Studies conducted by Guan et al. showed the middle-aged were more prone to infection
compared to other categories of people. ** Approximately 41.9% of the total number of patients
were women, therefore, there are gender differences in the spread of the virus. The report also
stated that the primary composite endpoint occurred in 6% of patients. In Wuhan city, there is no
gender difference in people infected with COVID-19 with the highest mortality rates of 8.4% by
20 March 2020.1"*® However, research shows that the elderly and young children are most at risk
from the infection. This is similar to SARS, though it appears nCoV-2019 is less lethal compared
to SARS and MERS, this is because approximately 15 to 20% of cases become severe within a
limited timeframe. According to doctors, the lethal rate is about 1 in 10is an enveloped virus
which means that it is protected by a glycoprotein shell, thereby, making it difficult to treat.™

Preventive measures

All countries, including Indonesia, need preventive measures to overcome the spread of COVID-
19, which currently has no known cure and vaccines. Therefore, handling infected patients has
been recommended as one of the steps to control the rampant spread of the virus among people.
However, it is difficult to force the isolation of infected patients because this causes many social
problems. Like many reports in the Indonesian media, the practice of forced confinement of
infected people at home is very difficult for health workers and the police. The isolation of
infected individuals supported the provision of complete hospital treatment is one of the moral
control methods.?> Therefore, appropriate research studies need to be conducted to understand
the best approach in infection prevention including assessing the country’s ability to slow the
spread of infected people.?

In Indonesia, masks and hand sanitizers are widely used in preventing the transmission and
spread of COVID-19. Medical masks' continuous washing of hands and the use of sanitizers are
some of the methods used to prevent the direct exposure of liquid droplets from infected people.
Meanwhile, the improper use of masks causes an increased risk of transmission, which especially
infects people without symptoms.?* This is because people that wear masks tend to touch their
mouths and face more often. This frequent touching poses a higher possibility of the virus to the
person’s respiratory system on exposure with contaminated surfaces in shops, malls, buses, and
other public places or by shaking hands with an asymptomatic person. Therefore, care is needed
to avoid2 grequent touching of the face particularly mouth, nose and eyes irrespective of the use of
a mask.

The standard procedures recommended for preventing the spread of infection are more effective
in controlling the spread and keeping things safe. The most crucial strategies include washing of
hands after visiting public places and frequent exercises. Other practices involve overlaying
mouth and nostrils when coughing and sneezing to prevent the spread of the virus, assuming the
person is asymptomatic or in preliminary degrees of contamination.?®%" Also, proper cooking of
foods such as meat, eggs, and animals helps to destroy the virus. In practice, one needs to avoid
close contact with anyone showing symptoms of respiratory illnesses such as cough, flu, asthma,
pneumonia, and tuberculosis. Therefore, this simple precaution can be effectively carried out in
controlling the spread and containing the virus.

The life cycle of SARS-CoV-2 (COVID-19) virus and infection
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Novel Coronavirus 2019 (COVID-19) has a life cycle mechanism divided into 3 parts, namely
entry, replication, and release, as shown in Figure 2.

Firstly, the infection starts when the viral spike (S) glycoprotein attached to the complementary
host cell receptor. After attachment, a protease of the host cell cleaves and activates the receptor-
attached spike protein. Depending on the availability of the host cell protease, cleavage and
activation allow cell entry by endocytosis or direct fusion of the viral envelop with the host
membrane.?®

On entry into the host cell, the virus is uncoated, and its genome enters the cell cytoplasm.”® The
coronavirus RNA genome has a 5'-methylated cap and a 3’-polyadenylated tail, which allows the
RNA to attach to the host cell's ribosome for translation, and translates the initial overlapping of
the virus genome and forms a long polyprotein.®®* The polyprotein consists of
proteases which cleaves it into multiple nonstructural proteins.

Secondly, coronaviruses replicates and transcripts RNA from the strand by using the SARS-
CoV-2 replication mechanism, which binds cell surface molecules such as metalloprotease
amino peptidase with hemagglutinin esterase (HE-protein) and N-acetyl neuraminic acid as co-
receptor. Furthermore, the virus goes into the host cell by fusion of viral and cell membranes or
through the receptor-mediated endocytosis incorporated via an endosome, which is subsequently
acidified by proton pumps. Meanwhile, the virus produces direct proteins and new genomes in
the cytoplasm, particularly single positive-stranded RNA gen. Otherwise, the negative strand
serves as a template used to transcribe smaller subgenomic positive RNAs used to synthesize all
other proteins. After binding, assembled nucleocapsids with twisted helical RNA, it enters into
the ER lumen and is encased with the membrane as shown in Figure 2.3

Thirdly, the replicated positive-sense of genomic RNA becomes the genome of the progeny
viruses. The mRNAs are gene transcripts after the initial overlapping reading frame translated by
the host's ribosomes into the structural proteins.®* RNA translation occurs inside the endoplasmic
reticulum, which consists of S, E, and M proteins that move along the secretory pathway into the
Golgi intermediate compartment. Therefore, the M proteins are required to assemble and bind
the virus into the nucleocapsid.®® Progeny viruses are released from the host cell
by exocytosis through secretory vesicles.*

Diagnosis

The proper diagnosis characteristics used to manage COVID-19 is finding out the initiation of
the course of remedy. This is different from the common cold, which is properly treated with the
right drugs. Sometimes the results of preliminary examinations in infected people do not provide
a clear diagnosis of the infection, therefore, doctors tend to ask the patient to provide a detailed
and accurate diagnosis of their disease such as cough, flu, fever, and so on. The initial
intervention, sputum examination, and other diagnostic tests help to determine the infection
early. Also, the number of days from the infected date is noted at the laboratory to recommend
individual diagnostic tests as follows:

RT-PCR

This is a standard technique for determining the virus by reverse transcription-polymerase chain
reaction (rRT-PCR) from a nasopharyngeal swab. A sputum sample is used to obtain the
required results within hours to 2 days.>* Sample measurements (Swab test) consist of some steps
using RT-PCR, as shown in Figure 3.
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ELISA
Antibody assays are used to test infected people using their blood serum sample, with the results
released with few days.®

CT-Scan

The contamination is analyzed from a mixture of side effects, chance elements, and a chest CT
scan demonstrating highlights of pneumonia.*® The fundamental diagnosis reports from medical
clinics in China show that majority of COVID-19 infected patients were determined using
pneumonia and trademark CT imaging patterns.>” Furthermore, radiological assessments have
become imperative in early determination and appraisal of disease course.*® CT scan of various
COVID-19 contaminated patients differed in pattern®’, and almost 50% of patients were
discovered from pictures. On admission to emergency clinics, the ground-glass haziness was the
most widely recognized radiologic finding on chest figured tomography (CT)* of 56.4% of
patients.”” The longitudinal CT discovered infected patients with pneumonia with follow up
checks over the course of treatment. Besides that, it was seen that numerous patients did not have
strange radiologic findings.**

Treatments of COVID-19

The deadly nature of the spread of this virus increases fears in everyone. Therefore, there is an
urgent demand from WHO and various countries to produce new COVID-19 treatment therapies.
Infection caused by this disease is similar to SARS, and there is no drug that is scientifically
proven for treatment. Countries only tend to reduce the spread by physical distancing and
maintaining cleanliness. International organizations such as WHO have invited scientists from all
over the world to work on developing vaccines, drugs, and diagnostic for SARS-CoV-2 and
COVID-19. The Director-General of WHO has prioritized the main research to prevent the
spread through the development of modern and herbal medicines for therapy and diagnosis and
to easily identify active infections, asymptomatic and patients.’

The mechanism of viral infection is the entry of the virus into cells and multiplication using a
host cellular method characterized by damages to the host cell as a key for the development of
new drug compound therapies. Currently, there is no definitive and recommended therapy for
COVID-19 because it is a new virus, and making a vaccine required numerous clinical analyses
and tests. However, all antivirals used in COVID-19 therapy in almost all countries are still in
the form of trial and error. Some countries have referred to the antiviral therapy used during the
occurrence of the SARS and MERS epidemic several years ago, such as lopinavir, ritonavir,
ribavirin, oseltamivir, etc. These drugs have been used and were quite effective in dealing with
SARS and MERS during the epidemic.® Similarly, there are no definitive guidelines for dealing
with COVID-19 in Indonesia, as the country also relies on an existing drug such as oseltamivir.
Indonesia has tried reaching out to China regarding the drugs used to treat their infected citizens,
including the purchase of Chloroquine and Avigan. Some prospective drugs are considered to
direct current applications or the development of new therapeutic drugs, including modern and
herbal medicines.

Entry inhibitors
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The SARS-CoV-2 virus infects the respiratory system and alveoli cells in the lung sac, which is
worse than the viral infection. In general, viruses enter the host cell by forming complex
projections such as spikes or lobes with receptors. However, the exact structure ** or lobe of
COVID-19 SARS-CoV-2 is not fully determined, although prior experience of coronavirus (p3-
family), shows it has similarities with the host cells of SARS.* Recently it has been found that
Angiotensin-converting enzyme 2 (ACEZ2) is a cellular receptor for SARS coronavirus, (SARS-
CoV) and (SARS-CoV-2).** ACE2 has some homology with an angiotensin-converting enzyme
(ACE) although it is not inhibited by ACE. A previous SARS case was characterized by an
infection that was started by the transmembrane (S) spike in the glycoproteins binding the host
receptor and combines viruses to cell membranes. The identification of the viral / spikes lobes
molecular structure is time-consuming, while the development of facilitated heterocyclic drug
molecules or existing heterocyclic screening has the ability to bind the entry inhibitor drug.*

Replication inhibitors

COVID-19 is an RNA virus that utilizes host cells for genomic replication by encoding the
RNA-dependent protein polymerase (RdRp), which allows the viral genome to be transcribed
into the host membrane cells. The viral genome replication mechanism serves potential targets
for the control of viral infections, while antiviral drugs such as Remdesivir and Favipiravir
(Avigan) *® has the ability to potentially effective SARS-CoV-2 as shown in Figures 4A and B.
The nucleotide adenosine analogue antiviral for Ebola and RNA viruses have shown some
promising results in the clinical control of this virus.*” However, further evaluation is needed for
potential applications with more patients. Many other nucleoside analogues including DNA
synthesis such as tenofovir, disoproxil, lamivudine, and other antivirals have the potential to
inhibit the multiplication of SARS-CoV-2 viruses and are being evaluated through molecular
docking studies and testing in infected cell culture **. The action mechanism of Remdesivir as
antiviral drug as shown in Figure 5.

Avigan is the patent name for favipiravir, also known as T-705, which is an antiviral drug
developed by Toyama Chemical, a Fujifilm group, located in Japan with activity against many
RNA viruses. In Japan, this drug was originally developed to treat cold, however, in February
2020, Favipiravir was used in China for trials of emerging COVID-19 (novel coronavirus)
disease. The action mechanism of favipiravir inhibits the synthesis of viral RNA polymerase
selectively, as shown in Figure 6.*° Further studies have shown that favipiravir induces mutant of
RNA transversion, resulting in a viable viral phenotype. This product is metabolized by human
hypoxanthine-guanine phosphoribosyltransferase (HGPRT) known as favipiravir-ribofuranosyl-
5-triphosphate (favipiravir-RTP). This drug is available in oral and intravenous formulations and
does not inhibit the synthesis of RNA or DNA in mammalian cells, and it is not toxic. In 2014,
favipiravir was approved in Japan as a backup drug against influenza pandemics and to treat
viruses that were not responsive to antiviral at the time. During this COVID-19 pandemic, in a
limited clinical trial with 80 subjects, favipiravir showed an antiviral potential for SARS-CoV-2
that was better than lopinavir/ritonavir.”® In March 2020, the Chinese Government stated that
favipiravir appeared to be effective in overcoming COVID-19.

Protease inhibitors
Protease enzymes are involved within the maturation stage of virus replication inside the host
mobile and related to protein or peptide translation. Figures 4C and D, shows that Lopinavir and
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ritonavir are approved anti-HIV drugs, and a combination of both aids in the inhibition of SARS-
CoV-2."1*? A research carried out by Lim J et.al. on the remedy used to treat persons affected
with COVID-19 in Korea indicated that the administration of lopinavir/ritonavir (Kaletra,
AbbVie) extensively reduced the virus. > This means that a detailed analysis is needed for the
recommendation of this drug and the formation of new drug compounds. Molecular docking of
potential inhibitors provide clear information because detailed docking simulation results have
shown important input in previous SARS cases and other viral infections.>*>> However, a lot of
clinical data needs to be conducted to prove the efficacy and safety of the human body.

Heterocyclic antiviral

Over the decades, many heterocyclic drug molecules have been used in the treatment of viral
infections, and these drugs are thought to be probably slightly effective in inhibiting SARS-CoV-
2. An example is Chloroquine, which was originally an antiplasmodium used to treat malaria.
This drug contains a quinoline group as shown in Figure 4E and inhibits the activity of the
enzyme heme polymerase into hemozoin. This accumulation kills the Plasmodium parasite
responsible for malaria.®® However, with the decrease in malaria and the emergence of
plasmodium resistance to Chloroquine, this drug is no longer used. Also, Chloroquine and
hydroxychloroquine are used for antiviral therapy. Gao et al. (2020) stated that Chloroquine has
a strong antiviral effect against the virus in primate cells. This inhibitory effect is observed when
cells are treated with Chloroquine both before and after exposure, which shows that it has a
preventive and therapeutic effect. In addition, the endosomal pH which inhibits viral replication
interacts with cellular ACE2 receptors as shown in Figure 7."° This inhibits the receptor which
prevent infection and spread of the SARS-CoV-2 at concentrations that cause clinical symptoms.
In the SARS-CoV-2 pandemic in China, Chloroquine was used at a dose of 500 mg for adult 2
times a day, for 10 days.*® Chloroquine and hydroxychloroquine are also currently being tried in
Malaysia at the same dosage used in China and Indonesia.

There are several heterocyclic antiviruses previously used as antivirals such as HIV, HIN1,
HIN5, and SARS, which are further examined for the treatment of COVID-19. Oseltamivir
(Tamiflu) has been widely used as a neuraminidase inhibitor for the treatment of influenza was
also recommended.*® In addition, other candidate compounds evaluated with antiviral activity
against SARS-CoV-2 are heterocyclic based on ACE2 peptides namely 3CLpro inhibitors
(3CLpro-1) and vinysulfone protease inhibitors.®® According to Mourse et al. the combination of
hydroxychloroquine and azithromycin to treat the virus, shows that it is significantly associated
with viral load reduction on clinical study.®

Nano drug delivery systems

Drug delivery systems in the form of nanoparticle preparations have been widely used to
improve the bioavailability in the blood. The use of antiviral especially nucleoside analogues in
conjugate with potential delivery systems that have been applied in resistant HIV infection
drugs.®®®° It is accumulated in the nano delivery system and used as a new drug to deliver drugs
with a faster therapeutic index for COVID-19.°% One example of delivery of nano treatment is
seen in the efficacy of Chloroguine against COVID-19 as an inhibitor of nanoparticle
endocytosis through macrophages. Therefore, Chloroquine decreases the accumulation of
synthggic nanoparticle of various sizes (14-2,600 nm) and is spherical and discoidal in cell
lines.



320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365

Biological therapeutics

Antibody therapy can be used for the treatment of COVID-19 infections. However, this vaccine
still requires approximately 1 year before it can be globally utilized to prevent the spread of the
virus. According to Tian et al. specific human monoclonal antibodies such as CR3022 are
intended to bind strongly to SARS-CoV-2 RBD (KD 6.3 nM) and overlap the ACE2 binding
site.”” These unique results indicate the possibility of developing a therapeutic vaccine with a
combination of other antibodies. However, in vitro trials and clinical studies are needed to obtain
accurate clinical data for the prevention and treatment of COVID-19 infections.”

In developing a new vaccine one must pay attention to the similarity of immunogenic structural
proteins similar to SARS, MERS for SARS-CoV-2."* Ahmed et al. used a set of B and T cell
epitopes derived from spikes (S) and nucleocapsid proteins (N) to identically map the SARS-
CoV-2 protein.”® Reports suggested that the identified epitope has no available mutase sequence.
Therefore, this target immune epitope has the potential to be explored in the fight against the
SARS-CoV-2. However, the final results depend on in vitro and future clinical trials."

Herbal drugs

Several anti-SARS agents have been tested for coronavirus-specific therapy, however, none is
effective.”*” Some modern drugs have shown a broad antiviral activity, which is most
frequently administered as a SARS-antiviral agent in combination with antibacterial drugs.
However, this has little activity against SARS-CoV in vitro with specific monoclonal antibodies,
pegylated interferon-a, siRNA, and several protease inhibitors.”® Therefore, various studies have
been conducted on the use of herbal drugs to test several patients in Indonesia.

The chemical compounds contained in Ul and IPB, which originated from several plants in
Indonesia, they have the potential ability to prevent COVID-19 infection in the form of
molecular docking in silico. The model of research that has been conducted is shown in Figure 8.
Based on the results of prediction models with machine learning methods, namely SVM, random
forest, and MLP neural network is associated with 20644 interactions of protein compounds. The
results are 31 herbal compounds with 5 target proteins 3CLPro, PLPro, Spike-ACE2, EIF4, and
RdRp. Modeling of structure and ligand based pharmacophores was used to carry out virtual
screening with 1,377 compounds from the HerbalDB database.”” The results of compound hit
from machine learning, and pharmacophore mapping was confirmed using molecular docking.

Guava (Psidium guajava) with pink flesh contains active compounds including myricetin,
quercetin, luteolin, kaempferol, isorhamnetin’®, and hesperidin’®. Luteolin is a furin protein
inhibitor® and assumed as one of the enzymes that breakdown the Coronavirus S (spike) protein
in MERS into units of S1 and S2.%! In the S1 unit, there is a receptor-binding domain (RBD)
where the ACE?2 peptidase binds the virus in the host cell.** The Hesperidin/hesperitin compound
in the silico study inhibits the RBD domain binding of the SARS-COV-2 Spike protein with
ACE2 receptors in humans .2 It is also known that luteolin is a neuramidase inhibitor as well as
oseltamivir which is currently one of the drugs used in the CDC protocol.

Hesperidin a form of hesperidin aglycone and Quercetin is also known to act as inhibitors of
3CLpro virus proteins.®*®* Other compounds in guava such as myricetin act as SARS
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coronavirus helicase inhibitors.®> The kaempferol has the potential to be a non-competitive
inhibitor of 3CLPro and PLpro as well as quercetin.®® It also acts as a autophagy modulator,
inducer and inhibitor, of the virus.

Meanwhile, Indonesia is also famous for its variety of cooking condiments which are derived
from plants. One of the commonly used condiments for cooking or herbal medicine in Indonesia
IS empon-empon consisting of ginger, turmeric, galangal, curcuma and lemongrass. Furthermore,
animals such as snakehead fish also improve immune system in the body due to high protein and
amino acids.®”® According to UNAIR researchers stated that the approach that can be taken in
the public by consuming empon-empon to boost the immune system to avoid COVID-19.%

Herbs containing curcumin and turmeric have been consumed and proven by Indonesian for
centuries and beneficial to health. For example it is used to maintain fitness vitality, liver, and
digestive systems based on empirical experimental evidence. Both ginger and turmeric contain
hundreds of bioactive compounds, one of which is curcumin. Various studies have been carried
out in the world in vitro and preclinical tests showing that curcumin is anti-inflammatory,
antiviral, antibacterial, antifungal, and antioxidant based on scientific evidence.® %2

One of the benefits of curcumin obtained from clinical trials is to increase the body's immune
system. Recent research on curcumin against the virus shows that the SARS-CoV-2 receptor is
an enzyme ACE2 found in host cells of human especially alveolus lungs. However, the cell entry
of the virus depends on the binding of the spike virus protein, the receptor on the host cell
(ACE2) and pad priming protein spike (TMPRSS2). There are 2 forms of ACE2, the fixed
attached to the cell surface and the free-form soluble in the blood. The soluble ACE2 is projected
to be one of the SARS-CoV-2 antivirus candidates through a competitive interceptor mechanism,
which prevents bonding between virus particles on the surface of the host cell. In addition, bio-
informatics research published in March 2020 and recent literature has mentioned curcumin as
one of the SARS-CoV-2 antiviral candidates. The curcumin in ginger and turmeric increase the
expression of ACE2 in the form of soluble which inhibit the bonding between the viral protein
and the fixed form ACE2 found on the surface of the host cell.**

Conclusion

In conclusion, the sudden outbreak of COVID-19 in Wuhan, China, has led to a worldwide panic
due to its rapid spread with the mortality rate. The WHO, in 2020, declared the virus a
pandemic, therefore, every country has an obligation to protect its people by educating them with
the right preventive measures. In many new cases, clinical staffs are infected from patients that
visit the hospitals, thereby increasing the spread of the virus through human-to-human
transmission. Hence there is an urgent need for the development and approval of a standard
therapy protocol, including structural details and a complete life cycle of the virus, to prevent the
spread. Several drugs have been clinically evaluated for the treatment of COVID-19, which
showed promising results and assisted a number of patients to recover safely. However, further
knowledge of SARS-CoV-2 advances, new therapies, including vaccines and monoclonal
antibodies, are needed for proper treatment in the near future. Although the effective treatments
for COVID-19 are unknown, there is continuous research on the potential of therapeutics in
evaluating the existing antiviral drugs such as modern and herbal medicines.
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Table 1. Active compounds having the potential as antiviral SARS-CoV-2%

Target Compounds Sources
3CLpro Rhamnetin 3-mannosyl-(1-2)-alloside Cassia alata,30
Kaempherol 3,4’-di-O-methyl ether (Ermanin) Tanacetum microphyllum
Cyanidine 3-sophoroside-5-glucoside Brassica oleracea; Ipomoea
batatas; Raphanus sativus
Casuarinin Psidium guajava
Quercetin 3-(2G-rhamnosylrutinoside) Clitoria ternatea
Peonidine 3-(4’-arabinosylglucoside) Ipomoea fistulosa
Hesperidine Psidium guajava
Citrus aurantium
PLpro Platycodin D Platycodon grandiflorus
Baicalin Scutellaria baicalensis
Sugetriol-3,9-diacetate Cyperus rotundus
Phaitanthrin D 2,2-di(3-indolyl)-3-indolone Isatis indigotica
(-)-epigallocatechin gallate Camellia sinensis

2-93,4-Dihydroxyphenyl)-2-[2-(3,4-
Dihydroxyphenyl)-3,4-dihydro-5,7-dihydroksi-2H- Vitis vinifera
1-benzopyran-3-yl]-3,4-dihydro-2H-1-benzopyran-

3,4,5,7-tetrol

RdRp. Betulanol Cassine xylocarpa
Gnidicin Gnidia lamprantha
2-B,30B-dihydroxy-3,4-seo-friedelolactone-27-lactone Viola diffusa
14-deoxy-11,12-didehydroandrographolide Andrographis paniculata
1,7-dihyroxy-3-methoxyxanthone Swerti apseudochinensis
Theaflacin 3,3’-di-O-gallate Camelia sinensis
2-(3,4-dihydrophenyl)-2-[(2-3,4-dihydroxyphenyl)-
3,4-dihydro-5-7-dihydroxy-2H-1-benzopyran- Vitis vinifera
3-yl]oxy]-3,4-dihydro-2H-1-benzopyran-3,4,5,7-tetrol

Spike-ACE2 Hesperidine Psidium guajava

Citrus aurantium
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Abstract

A recent outbreak of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) disease
also called Coronavirus disease 2019 (COVID-19) in China, has rapidly spread to other countries
of the world. The medical and scientific communities are working tirelessly to produce a vaccine
due to the lethal nature of this virus. COVID-19 is a novel virus that requires immediate
emergency therapy, thereby leading to massive fear of infection, social problems in the
community, and an increase in the number of infected people. Therefore, scientists and
researchers need to determine the epidemiological cases of the virus, such as its mode of
transmission, effective preventive measures, and the nature of the life cycle. In addition, there
need to be current literature advances in diagnostic development such as reverse transcription
polymerase chain reaction (RT-PCR), computed tomography san (CT-Scan), Elisa as well as
clinical researches on modern and herbal drugs for the treatment of infected patients. This
treatment technique is classified from antiviral drugs such as entry, replication, nucleosides,
nucleotides, and protease inhibitors, along with the use of heterocyclic drugs, monoclonal
antibodies therapy, vaccine development and herbal formulations that have been pre-clinically
tested in vitro and molecular docking. Chemical drug molecules with prospective applications in
the treatment of COVID-19 have been included in this review.

Keywords: COVID-19, antiviral, infection, herbal, modern drugs, pandemic

Introduction

In December 2019, the Chinese city of Wuhan experienced a rapid spread in an infectious
disease, which affected the respiratory system, thereby leading to a high mortality rate. This
virus, known as Coronavirus disease 2019 (COVID-19), soon spread to other countries and was
declared a pandemic by the World Health Organization (WHO).! Infected people show
symptoms of pneumonia, which is similar to SARS (Severe Acute Respiratory Syndrome). This
disease is caused by a lethal virus in nature and is currently the highest leading cause of mortality
all over the world.? The first reported case was in China, and within a few months, it has spread
to almost all countries and continents in the world.> According to studies, the most significant
numbers of cases of infected people are in South Korea, Italy, Iran, South Africa, the USA, and
Indonesia. In a recent update by WHO, over 90,000 people all over the world are infected with
approximately 3,000 deaths. China alone recorded 2,500 deaths by the end of February 2020.

The WHO declared the virus a pandemic due to its rapid spread in various countries. It is
speculated that this virus originated from different animals consumed as food in China. Early
transmission studies reported that it originated from local fish and wild animal markets with
possible transmission from animals to humans and vice versa. However, this speculation has not
been proven. This disease has led to a very high increase in mortality all over the world.”

In Indonesia, the virus was not in existence till the end of April 2020, based on data from the
Ministry of Health. Since its inception, there has been a rapid increase in the mortality rate due to
the high number of infected people.® Therefore, based on these data, the Indonesian government
quickly responded and took preventive measures to reduce the spread of this virus. Before now,
no drug or vaccine has been proven to kill or inhibit the COVID-19 virus. However, WHO
announced that over 20 countries and pharmaceutical companies around the world are
developing vaccines and drugs to fight the virus.® Unfortunately, this development is going to
take at least a year before completion. Meanwhile, several types of modern and herbal COVID-
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19 treatments have been clinically tested, such as Remdesivir and Chloroquine, as well as
curcumin (in vitro study).

The emergence and rapid spread of this virus have hastened the development of diagnosis and
medicines for the treatment of this infectious disease. In Indonesia, doctors have used several
existing modern and herbal medicines, with national and international health institutions, to
understand the mechanism, virulence, and pharmacology of the virus to develop possible drugs
and vaccines. This review discusses the literature report on progress regarding diagnostic
methods and developmental therapies with the possible use of candidate compounds of modern
and herbal medicines for COVID-19 infectious diseases in Indonesia.

The Coronaviruses

Coronavirus, a genus of the Coronaviridae family, is a positive-strand and the most significant
viral genome of all RNA viruses (27-32 kb), causing a wide range of diseases related to the
respiratory system. The symptoms may vary from the common cold, dry cough to more severe
respiratory diseases.” Furthermore, it consists of 80 to 160 nm particles, 4 or 5 structural spike
(S), membrane (M), hemagglutinin-esterase (HE), nucleocapsid (N), and small envelope €
proteins. In addition, the virion structure consists of S glycoprotein, which forms petal-shaped
spikes on the surface with 180 to 200 KDa molecule that is cotranslationally glycosylated in the
endoplasmic reticulum as shown in Figure 1.8 SARS-CoV-2 was an new strain of the current
virus, % which was transmitted from animals to human™*, however, the new coronavirus infects
humans.

COVID-19 transmission

COVID-19 spreads rapidly amongst humans with symptoms and asymptomatic carriers. The
virus is easily spread when the liquid droplet of an infected person drops on surfaces when the
patient coughs or sneezes. Transmission in certain cases is usually through the air, by staying
close to an infected person.*? Meanwhile, asymptomatic patients are hidden carriers of the virus
and contribute to a greater transmission of the virus. This manual transmission also spread,
assuming the patient has symptoms.® In addition, vertical transmission of the virus from mother
to child has not been observed according to research conducted by Chen H et al. in a small group
of pregnant women. They stated that the virus is vertically intrauterine and non-transmittable
from mothers to unborn babies. The emergence and the spread of this new virus is due to the
increase in human populations which causes proximity.*>

Symptoms and mortality of COVID-19

Symptoms of COVID-19 are indicated by the occurrence of respiratory distress similar to acute
respiratory distress syndrome (ARDS), which marked respiratory infections on COVID-19
patients. These include runny nose, fever, cough, shortness of breath, sore throat, and mild to
moderate upper respiratory tract illness. In severe cases, patients experience pneumonia, SARS,
kidney failure, and even death. An infected patient shows full signs of the virus within two to
seven days. However, the median incubation duration of infection development changed to 4
days with an interquartile variety of 2 to 7 days in all patients.™ This is known as the incubation
period which progresses for four days with an interquartile range.?
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Study conducted by Guan et al. showed the middle-aged were more prone to infection compared
to other categories of people. ‘® Approximately 41.9% of the total number of patients were
women, therefore, there are gender differences in the spread of the virus. The report also stated
that the primary composite endpoint occurred in 6% of patients. In Wuhan city, there was no
gender difference in people infected with COVID-19 with the highest mortality rates of 8.4% by
20 March 2020.1"*® However, research shows that the elderly and young children are most at risk
from the infection. This is similar to SARS, though it appears nCoV-2019 is less lethal compared
to SARS and MERS, this is because approximately 15 to 20% of cases become severe within a
limited timeframe. According to doctors, the lethal rate is about 1 in 10 which caused by
envelopl%d virus meaning that it is protected by a glycoprotein shell, thereby, making it difficult
to treat.

Preventive measures

All countries, including Indonesia, need preventive measures to overcome the spread of COVID-
19, which currently has no known cure and vaccines. Therefore, handling infected patients has
been recommended as one of the steps to control the rampant spread of the virus among people.
However, it is difficult to force the isolation of infected patients because this causes many social
problems. Like many reports in the Indonesian media, the practice of forced confinement of
infected people at home is very difficult for health workers and the police. The isolation of
infected individuals supported the provision of complete hospital treatment is one of the moral
control methods.”* Therefore, appropriate research studies need to be conducted to understand
the best approach in infection prevention including assessing the country’s ability to slow the
spread of infected people.?®

In Indonesia, the standard procedures recommended for preventing the spread of infection are
more effective in controlling the spread and keeping things safe. The most crucial strategies
include washing of hands after visiting public places and frequent exercises.?*?* Other practices
involve overlaying mouth and nostrils when coughing and sneezing to prevent the spread of the
virus, assuming the person is asymptomatic or in preliminary degrees of contamination.?*?” Also,
proper cooking of foods such as meat, eggs, and animals helps to destroy the virus. In practice,
one needs to avoid close contact with anyone showing symptoms of respiratory illnesses such as
cough, flu, asthma, pneumonia, and tuberculosis. Therefore, this simple precaution can be
effectively carried out in controlling the spread and containing the virus.

The life cycle of SARS-CoV-2 and infection

Novel Coronavirus 2019 (COVID-19) has a life cycle mechanism divided into 3 parts, namely
entry, replication, and release, as shown in Figure 2.

Firstly, the infection starts when the viral spike (S) glycoprotein attached to the complementary
host cell receptor. After attachment, a protease of the host cell cleaves and activates the receptor-
attached spike protein. Depending on the availability of the host cell protease, cleavage and
activation allow cell entry by endocytosis or direct fusion of the viral envelop with the host
membrane.?®

On entry into the host cell, the virus is uncoated, and its genome enters the cell cytoplasm.? The
coronavirus RNA genome has a 5'-methylated cap and a 3’-polyadenylated tail, which allows the
RNA to attach to the host cell's ribosome for translation, and translates the initial overlapping of
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the virus genome and forms a long polyprotein.*® The polyprotein consists of
proteases which cleaves it into multiple nonstructural proteins.

Secondly, coronaviruses replicates and transcripts RNA from the strand by using the SARS-
CoV-2 replication mechanism, which binds cell surface molecules such as metalloprotease
amino peptidase with hemagglutinin esterase (HE-protein) and N-acetyl neuraminic acid as co-
receptor. Furthermore, the virus goes into the host cell by fusion of viral and cell membranes or
through the receptor-mediated endocytosis incorporated via an endosome, which is subsequently
acidified by proton pumps. Meanwhile, the virus produces direct proteins and new genomes in
the cytoplasm, particularly single positive-stranded RNA gen. Otherwise, the negative strand
serves as a template used to transcribe smaller subgenomic positive RNAs used to synthesize all
other proteins. After binding, assembled nucleocapsids with twisted helical RNA, it enters into
thgezendoplasmic reticulum (ER) lumen and is encased with the membrane as shown in Figure
2.

Thirdly, the replicated positive-sense of genomic RNA becomes the genome of the progeny
viruses. The mRNASs are gene transcripts after the initial overlapping reading frame translated by
the host's ribosomes into the structural proteins.®* RNA translation occurs inside the endoplasmic
reticulum, which consists of S, E, and M proteins that move along the secretory pathway into the
Golgi intermediate compartment. Therefore, the M proteins are required to assemble and bind
the virus into the nucleocapsid.®® Progeny viruses are released from the host cell
by exocytosis through secretory vesicles.®

Diagnosis

The proper diagnosis characteristics used to manage COVID-19 is the first line of control and a
deciding factor in the initiation of the course of treatment. This is different from the common
cold, which is properly treated with the right drugs. Sometimes the results of preliminary
examinations in infected people do not provide a clear diagnosis of the infection, therefore,
doctors tend to ask the patient to provide a detailed and accurate diagnosis of their disease such
as cough, flu, fever, and so on. The identifying and providing effective support, sputum
examination, and other diagnostic tests help to determine the infection early. Also, the number of
days from the infected date is noted at the laboratory to recommend individual diagnostic tests as
follows:

Reverse transcription-polymerase chain reaction (RT-PCR)

This is a standard technique for determining the virus by rRT-PCR from a nasopharyngeal swab.
A sputum sample is used to obtain the required results within hours to 2 days.** Sample
measurements (Swab test) consist of some steps using RT-PCR, as shown in Figure 3.

Enzyme-linked immunosorbent assay (ELISA)
Antibody assays are used to test infected people using their blood serum sample, with the results
released with few days.*

Computerized-Tomography (CT-Scan)

The contamination is analyzed from a mixture of side effects, chance elements, and a chest CT
scan demonstrating highlights of pneumonia.*® The fundamental diagnosis reports from medical
clinics in China show that majority of COVID-19 infected patients were determined using
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pneumonia and trademark CT imaging patterns.*” Furthermore, radiological assessments have
become imperative in early determination and appraisal of disease course.*® CT scan of various
COVID-19 contaminated patients differed in pattern®, and almost 50% of patients were
discovered from pictures. On admission to emergency clinics, the ground-glass haziness was the
most widely recognized radiologic finding on chest figured tomography (CT)* of 56.4% of
patients.** The longitudinal CT discovered infected patients with pneumonia with follow up
checks over the course of treatment. Besides that, it was seen that numerous patients did not have
strange radiologic findings.**

Treatments of COVID-19

The mechanism of viral infection is the entry of the virus into cells and multiplication using a
host cellular method characterized by damages to the host cell as a key for the development of
new drug compound therapies. Currently, there is no definitive and recommended therapy for
COVID-19 because it is a new virus, and making a vaccine required numerous clinical analyses
and tests. One of examples of treatment therapy i.e. convalescent plasma therapy which is the
administration of plasma from a recovered Covid-19 patient to a Covid-19 patient who is still
suffering from illness, so antibodies (immunity) in the plasma of the cured patient can help
patients who are still ill to cope with the disease.>** However, all antivirals used in COVID-19
therapy in almost all countries are still in the form of trial and error. Some countries have
referred to the antiviral therapy used during the occurrence of the SARS and MERS epidemic
several years ago, such as lopinavir, ritonavir, ribavirin, oseltamivir, etc. These drugs have been
used and were quite effective in dealing with SARS and MERS during the epidemic.® Similarly,
there are no definitive guidelines for dealing with COVID-19 in Indonesia, as the country also
relies on an existing drug such as oseltamivir. Indonesia has tried reaching out to China
regarding the drugs used to treat their infected citizens, including the purchase of Chloroquine
and Avigan. Some prospective drugs are considered to direct current applications or the
development of new therapeutic drugs, including modern and herbal medicines.

Entry inhibitors

The SARS-CoV-2 infects the respiratory system and alveoli cells in the lung sacs would be the
host for viral infection. In general, viruses enter the host cell by forming complex projections
such as spikes or lobes with receptors. However, the exact structure or lobe of SARS-CoV-2 is
not fully determined,”” although prior experience of coronavirus (B-family), shows it has
similarities with the receptor of host cells of SARS.** Recently it has been found that
Angiotensin-converting enzyme 2 (ACE2) is a cellular receptor for SARS coronavirus, (SARS-
CoV) and (SARS-CoV-2).** ACE2 has some homology with an angiotensin-converting enzyme
(ACE) although it is not inhibited by ACE inhibitors.? A previous SARS case was characterized
by an infection that was started by the transmembrane (S) spike in the glycoproteins binding the
host receptor and combines viruses to cell membranes. The identification of the viral / spikes
lobes molecular structure is time-consuming, while the development of facilitated heterocyclic
drug 4r511olecules or existing heterocyclic screening has the ability to bind the entry inhibitor
drug.

Replication inhibitors
COVID-19 is an RNA virus that utilizes host cells for genomic replication by encoding the
RNA-dependent RNA polymerase (RdRp), which allows the viral genome to be transcribed into
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new RNA copies using the host cell’s machinery. The viral genome replication mechanism
serves potential targets for the control of viral infections, while antiviral drugs such as
Remdesivir and Favipiravir (Avigan) *° has the ability to potentially affect SARS-CoV-2 as
shown in Figures 4A and B. The nucleotide adenosine analogue antiviral for Ebola and RNA
viruses have shown some promising results in the clinical control of this virus.*” However,
further evaluation is needed for potential applications with more patients. The action mechanism
of Remdesivir as antiviral drug as shown in Figure 5.

Favipiravir is the brand name for Avigan, also known as T-705, which is an antiviral drug
developed by Toyama Chemical, a Fujifilm group, located in Japan with activity against many
RNA viruses. In Japan, this drug was originally developed to treat influenza, however, in
February 2020, Favipiravir was used in China for trials of emerging COVID-19 (novel
coronavirus) disease. The action mechanism of favipiravir can inhibit replication and translation
of virus by the RNA-dependent RNA polymerase (RdRp) of RNA viruses, as shown in Figure
6.% Further studies have shown that favipiravir induces mutant of RNA transversion, resulting in
a viable viral phenotype. This product is metabolized by human hypoxanthine-guanine
phosphoribosyltransferase  (HGPRT) known as favipiravir-ribofuranosyl-5-triphosphate
(favipiravir-RTP). During this COVID-19 pandemic, in a limited clinical trial with 80 subjects,
favipiravir showed an antiviral potential for SARS-CoV-2 that was better than
lopinavir/ritonavir.** Many other nucleoside analogues including DNA synthesis such as
tenofovir, disoproxil, lamivudine, and other antivirals have the potential to inhibit the
multiplication of SARS-CoV-2 and are being evaluated through molecular docking studies and
testing in infected cell culture.*

Protease inhibitors

Protease enzymes are involved within the maturation stage of virus replication inside the host
cell and related to protein or peptide translation. Figures 4C and D, shows that Lopinavir and
ritonavir are approved anti-HIV drugs, and a combination of both aids in the inhibition of SARS-
CoV-2."*°? A research carried out by Lim J et.al. on the remedy used to treat persons affected
with COVID-19 in Korea indicated that the administration of lopinavir/ritonavir (Kaletra,
AbbVie) extensively reduced the virus. ** This means that a detailed analysis is needed for the
recommendation of this drug and the formation of new drug compounds. Molecular docking of
potential inhibitors provide clear information because detailed docking simulation results have
shown essential input in previous SARS cases and other viral infections.>**® However, a lot of
clinical data needs to be conducted to prove the efficacy and safety of the human body.

Heterocyclic antiviral

Over the decades, many heterocyclic drug molecules have been used in the treatment of viral
infections, and these drugs are thought to be probably slightly effective in inhibiting SARS-CoV-
2. An example is Chloroquine, which was originally an antiplasmodium used to treat malaria.
This drug contains a quinoline group as shown in Figure 4E and inhibits the activity of the
enzyme heme polymerase into hemozoin. This accumulation kills the Plasmodium parasite
responsible for malaria.”® However, with the decrease in malaria and the emergence of
plasmodium resistance to Chloroquine, this drug is no longer used. Also, Chloroquine and
hydroxychloroquine are used for antiviral therapy. Gao et al. (2020) stated that Chloroquine has
a strong antiviral effect against the virus in primate cells. This inhibitory effect is observed when
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cells are treated with Chloroquine both before and after exposure, which shows that it has a
preventive and therapeutic effect. In addition, Chloroquine and hydroxychloroquine are weak
bases that are known to elevate the pH of acidic intracellular organelles, such as
endosomes/lysosomes, essential for membrane fusion inhibiting SARS-CoV-2 entry through
changing the glycosylation of ACE2 receptor and spike protein, shown in Figure 7.7 This
inhibits the receptor which prevent infection and spread of the SARS-CoV-2 at concentrations
that cause clinical response. In the SARS-CoV-2 pandemic in China, Chloroquine was used at a
dose of 500 mg for adult 2 times a day, for 10 days.”® Chloroquine and hydroxychloroquine are
also currently being tried in Malaysia at the same dosage used in China and Indonesia.

There are several heterocyclic antiviruses previously used as antivirals such as HIV, HIN1,
HIN5, and SARS, which are further examined for the treatment of COVID-19. Oseltamivir
(Tamiflu) has been widely used as a neuraminidase inhibitor for the treatment of influenza was
also recommended.*® In addition, other candidate compounds evaluated with antiviral activity
against SARS-CoV-2 are heterocyclic based on ACE2 peptides namely 3C-like protease
(3CLpro and 3CLpro-1) inhibitors and vinysulfone protease inhibitors.®*®*

Nano drug delivery systems

Drug delivery systems in the form of nanoparticle preparations have been widely used to
improve the bioavailability in the blood and enhance the transport and efficacy antiviral drugs
especially nucleoside analogues on conjugation with potential delivery systems that have been
proven in drug-resistant HIV infection.®*® The wide variety of available nano delivery system
can be used with the new developed drug formulation which could be efficacious in delivering
the drugs with faster therapeutic indices for COVID-19.%¢%

Biological therapeutics

Antibody therapy can be used for the treatment of COVID-19 infections. However, this vaccine
still requires approximately 1 year before it can be globally utilized to prevent the spread of the
virus. According to Tian et al. specific human monoclonal antibodies such as CR3022 are
intended to bind strongly to SARS-CoV-2 receptor binding domain (RBD) (KD 6.3 nM) and
overlap the ACE2 binding site.” These unique results indicate the possibility of developing a
therapeutic vaccine with a combination of other antibodies. However, in vitro trials and clinical
studies are needed to obtain accurate clinical data for the prevention and treatment of COVID-19
infections.”

In developing a new vaccine one must pay attention to the similarity of immunogenic structural
proteins similar to SARS, MERS for SARS-CoV-2."* Ahmed et al. used a set of B and T cell
epitopes derived from spikes (S) and nucleocapsid proteins (N) to identically map the SARS-
CoV-2 protein.”” Reports suggested that the identified epitope has no available mutase sequence.
Therefore, this target immune epitope has the potential to be explored in the fight against the
SARS-CoV-2. However, the final results depend on in vitro and future clinical trials.’

Herbal drugs

The herbal formulations used as alternative medication has been a success in presenting the
remedy to a number of infections in conjunction with symptom specific remedy using herbs.”®"
The initial lead from herbal medicinal drug has been successful in developing final applicable



322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366

formulations like Praneem (a natural extract of neem tree) as microbicide for HIV therapy.”
Therefore, various studies have been conducted on the use of herbal drugs to test the active
compounds of some herbal in Indonesia by molecular docking in silico.

According to University of Indonesia (Ul) and Institute of Bogor Agriculture (IPB) researchers,
they stated that some chemical compounds which originated from several plants in Indonesia
have the potential ability to prevent COVID-19 infection in the form of molecular docking in
silico. The model of research that has been conducted is shown in Figure 8. Based on the results
of prediction models with machine learning methods, namely SVM (support vector machine),
random forest, and MLP (multilayer perceptron) neural network is associated with 20644
interactions of protein compounds. The results are 31 herbal compounds with 5 target proteins
3CLPro (Chymotripsin-like protease), PLPro (Papain-like protease), Spike-ACE2, EIF4
(Eukaryotic initiation factor-4), and RdRp. Modeling of structure and ligand based
pharmacophores was used to carry out virtual screening with 1,377 compounds from the
HerbalDB database.”” The results of compound hit from machine learning, and pharmacophore
mapping was confirmed using molecular docking.

Guava (Psidium guajava) with pink flesh contains active compounds including myricetin,
quercetin, luteolin, kaempferol, isorhamnetin’®, and hesperidin’®. Luteolin is a furin protein
inhibitor® and assumed as one of the enzymes that breakdown the Coronavirus S (spike) protein
in MERS into units of S1 and S2.%! In the S1 unit, there is a receptor-binding domain (RBD)
where the ACE2 peptidase binds the virus in the host cell.?* The Hesperidin/hesperitin compound
in the silico study inhibits the RBD of the SARS-COV-2 Spike protein which is also known as
luteolin having a neuramidase inhibitor as well as oseltamivir which is currently one of the drugs
used in the CDC protocol.®?

Hesperidin a form of hesperidin aglycone and Quercetin is also known to act as inhibitors of
3CLpro virus proteins.®*® Other compounds in guava such as myricetin act as SARS
coronavirus helicase inhibitors.®> The kaempferol has the potential to be a non-competitive
inhibitor of 3CLPro and PLpro as well as quercetin.®® It also acts as a autophagy modulator,
inducer and inhibitor, of the virus.

Meanwhile, Indonesia is also famous for its variety of cooking condiments which are derived
from plants. One of the commonly used condiments for cooking or herbal medicine in Indonesia
IS empon-empon consisting of ginger, turmeric, galangal, curcuma and lemongrass. Furthermore,
animals such as snakehead fish also improve immune system in the body due to high protein and
amino acids.*® According to UNAIR (University of Airlangga) researchers stated that the
approach that can be taken in the public by consuming empon-empon to boost the immune
system to avoid COVID-19.%

Turmeric containing curcumin have been consumed and proven by people for centuries and
beneficial to health. For example it is used to maintain fitness vitality, liver, and digestive
systems based on empirical experimental evidence. Various studies have been carried out in vitro
and preclinical tests showing that curcumin is anti-inflammatory, antiviral, antibacterial,
antifungal, and antioxidant based on scientific evidence.” %
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One of the benefits of curcumin obtained from clinical trials is to increase the body's immune
system. Recent research on curcumin against the virus shows that the SARS-CoV-2 receptor is
an enzyme ACE2 found in host cells of human especially alveolus lungs. However, the cell entry
of the virus depends on the binding of the spike virus protein, the receptor on the host cell
(ACE2) and pad priming protein spike (TMPRSS2).%

Conclusion

The surging spread of the virus through human-to-human transmission has created a change in
human life that must meet health protocol standards including therapy protocols to combat
COVID-19. Few existing drugs had been evaluated for the remedy of SARS-CoV-2 and shown
promising good effects in clinical applications. The chemical and herbal drugs for the
management of viral infection symptoms have been on the frontline to mitigate this novel viral
infectious disease and have helped the number of patients in safe healing from COVID-19.
Several drugs have been clinically evaluated for the treatment of COVID-19, which showed
promising results and assisted a number of patients to recover safely. There is continuous
research on the potential of therapeutics in evaluating the existing antiviral drugs such as modern
and herbal medicines.
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Table 1. Active compounds having the potential as antiviral SARS-CoV-2%

Target Compounds Sources
3CLpro Rhamnetin 3-mannosyl-(1-2)-alloside Cassia alata,30
Kaempherol 3,4’-di-O-methyl ether (Ermanin) Tanacetum microphyllum
Cyanidine 3-sophoroside-5-glucoside Brassica oleracea; Ipomoea
batatas; Raphanus sativus
Casuarinin Psidium guajava
Quercetin 3-(2G-rhamnosylrutinoside) Clitoria ternatea
Peonidine 3-(4’-arabinosylglucoside) Ipomoea fistulosa
Hesperidine Psidium guajava
Citrus aurantium
PLpro Platycodin D Platycodon grandiflorus
Baicalin Scutellaria baicalensis
Sugetriol-3,9-diacetate Cyperus rotundus
Phaitanthrin D 2,2-di(3-indolyl)-3-indolone Isatis indigotica
(-)-epigallocatechin gallate Camellia sinensis

2-93,4-Dihydroxyphenyl)-2-[2-(3,4-
Dihydroxyphenyl)-3,4-dihydro-5,7-dihydroksi-2H- Vitis vinifera
1-benzopyran-3-yl]-3,4-dihydro-2H-1-benzopyran-

3,4,5,7-tetrol

RdRp. Betulanol Cassine xylocarpa
Gnidicin Gnidia lamprantha
2-B,30B-dihydroxy-3,4-seo-friedelolactone-27-lactone Viola diffusa
14-deoxy-11,12-didehydroandrographolide Andrographis paniculata
1,7-dihyroxy-3-methoxyxanthone Swerti apseudochinensis
Theaflacin 3,3’-di-O-gallate Camelia sinensis
2-(3,4-dihydrophenyl)-2-[(2-3,4-dihydroxyphenyl)-
3,4-dihydro-5-7-dihydroxy-2H-1-benzopyran- Vitis vinifera
3-yl]oxy]-3,4-dihydro-2H-1-benzopyran-3,4,5,7-tetrol

Spike-ACE2 Hesperidine Psidium guajava

Citrus aurantium
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Abstract

A recent outbreak of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) disease
also called Coronavirus disease 2019 (COVID-19) in China, has rapidly spread to other countries
of the world. The medical and scientific communities are working tirelessly to produce a vaccine
due to the lethal nature of this virus. COVID-19 is a novel virus that requires immediate
emergency therapy, thereby leading to massive fear of infection, social problems in the
community, and an increase in the number of infected people. Therefore, scientists and
researchers need to determine the epidemiological cases of the virus, such as its mode of
transmission, effective preventive measures, and the nature of the life cycle. In addition, there
need to be current literature advances in diagnostic development such as reverse transcription
polymerase chain reaction (RT-PCR), computed tomography san (CT-Scan), Elisa as well as
clinical researches on modern and herbal drugs for the treatment of infected patients. This
treatment technique is classified from antiviral drugs such as entry, replication, nucleosides,
nucleotides, and protease inhibitors, along with the use of heterocyclic drugs, monoclonal
antibodies therapy, vaccine development and herbal formulations that have been pre-clinically
tested in vitro and molecular docking. Chemical drug molecules with prospective applications in
the treatment of COVID-19 have been included in this review.

Keywords: COVID-19, antiviral, infection, herbal, modern drugs, pandemic

Introduction

In December 2019, the Chinese city of Wuhan experienced a rapid spread in an infectious
disease, which affected the respiratory system, thereby leading to a high mortality rate. This
virus, known as Coronavirus disease 2019 (COVID-19), soon spread to other countries and was
declared a pandemic by the World Health Organization (WHO).! Infected people show
symptoms of pneumonia, which is similar to SARS (Severe Acute Respiratory Syndrome). This
disease is caused by a lethal virus in nature and is currently the highest leading cause of mortality
all over the world.” The first reported case was in China, and within a few months, it has spread
to almost all countries and continents in the world.> According to studies, the most significant
numbers of cases of infected people are in South Korea, Italy, Iran, South Africa, the USA, and
Indonesia. In a recent update by WHO, over 90,000 people all over the world are infected with
approximately 3,000 deaths. China alone recorded 2,500 deaths by the end of February 2020.

The WHO declared the virus a pandemic due to its rapid spread in various countries. It is
speculated that this virus originated from different animals consumed as food in China. Early
transmission studies reported that it originated from local fish and wild animal markets with
possible transmission from animals to humans and vice versa. However, this speculation has not
been proven. This disease has led to a very high increase in mortality all over the world.”

In Indonesia, the virus was not in existence till the end of April 2020, based on data from the
Ministry of Health. Since its inception, there has been a rapid increase in the mortality rate due to
the high number of infected people.® Therefore, based on these data, the Indonesian government
quickly responded and took preventive measures to reduce the spread of this virus. Before now,
no drug or vaccine has been proven to kill or inhibit the COVID-19 virus. However, WHO
announced that over 20 countries and pharmaceutical companies around the world are
developing vaccines and drugs to fight the virus.® Unfortunately, this development is going to
take at least a year before completion. Meanwhile, several types of modern and herbal COVID-
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19 treatments have been clinically tested, such as Remdesivir and Chloroquine, as well as
curcumin (in vitro study).

The emergence and rapid spread of this virus have hastened the development of diagnosis and
medicines for the treatment of this infectious disease. In Indonesia, doctors have used several
existing modern and herbal medicines, with national and international health institutions, to
understand the mechanism, virulence, and pharmacology of the virus to develop possible drugs
and vaccines. This review discusses the literature report on progress regarding diagnostic
methods and developmental therapies with the possible use of candidate compounds of modern
and herbal medicines for COVID-19 infectious diseases in Indonesia.

The Coronaviruses

Coronavirus, a genus of the Coronaviridae family, is a positive-strand and the most significant
viral genome of all RNA viruses (27-32 kb), causing a wide range of diseases related to the
respiratory system. The symptoms may vary from the common cold, dry cough to more severe
respiratory diseases.” Furthermore, it consists of 80 to 160 nm particles, 4 or 5 structural spike
(S), membrane (M), hemagglutinin-esterase (HE), nucleocapsid (N), and small envelope €
proteins. In addition, the virion structure consists of S glycoprotein, which forms petal-shaped
spikes on the surface with 180 to 200 KDa molecule that is cotranslationally glycosylated in the
endoplasmic reticulum as shown in Figure 1.8 SARS-CoV-2 was an new strain of the current
virus, % which was transmitted from animals to human™*, however, the new coronavirus infects
humans.

COVID-19 transmission

COVID-19 spreads rapidly amongst humans with symptoms and asymptomatic carriers. The
virus is easily spread when the liquid droplet of an infected person drops on surfaces when the
patient coughs or sneezes. Transmission in certain cases is usually through the air, by staying
close to an infected person.*? Meanwhile, asymptomatic patients are hidden carriers of the virus
and contribute to a greater transmission of the virus. This manual transmission also spread,
assuming the patient has symptoms.® In addition, vertical transmission of the virus from mother
to child has not been observed according to research conducted by Chen H et al. in a small group
of pregnant women. They stated that the virus is vertically intrauterine and non-transmittable
from mothers to unborn babies. The emergence and the spread of this new virus is due to the
increase in human populations which causes proximity.*>

Symptoms and mortality of COVID-19

Symptoms of COVID-19 are indicated by the occurrence of respiratory distress similar to acute
respiratory distress syndrome (ARDS), which marked respiratory infections on COVID-19
patients. These include runny nose, fever, cough, shortness of breath, sore throat, and mild to
moderate upper respiratory tract illness. In severe cases, patients experience pneumonia, SARS,
kidney failure, and even death. An infected patient shows full signs of the virus within two to
seven days. However, the median incubation duration of infection development changed to 4
days with an interquartile variety of 2 to 7 days in all patients.™ This is known as the incubation
period which progresses for four days with an interquartile range.?
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Study conducted by Guan et al. showed the middle-aged were more prone to infection compared
to other categories of people. ‘® Approximately 41.9% of the total number of patients were
women, therefore, there are gender differences in the spread of the virus. The report also stated
that the primary composite endpoint occurred in 6% of patients. In Wuhan city, there was no
gender difference in people infected with COVID-19 with the highest mortality rates of 8.4% by
20 March 2020.1"*® However, research shows that the elderly and young children are most at risk
from the infection. This is similar to SARS, though it appears nCoV-2019 is less lethal compared
to SARS and MERS, this is because approximately 15 to 20% of cases become severe within a
limited timeframe. According to doctors, the lethal rate is about 1 in 10 which caused by
envelopl%d virus meaning that it is protected by a glycoprotein shell, thereby, making it difficult
to treat.

Preventive measures

All countries, including Indonesia, need preventive measures to overcome the spread of COVID-
19, which currently has no known cure and vaccines. Therefore, handling infected patients has
been recommended as one of the steps to control the rampant spread of the virus among people.
However, it is difficult to force the isolation of infected patients because this causes many social
problems. Like many reports in the Indonesian media, the practice of forced confinement of
infected people at home is very difficult for health workers and the police. The isolation of
infected individuals supported the provision of complete hospital treatment is one of the moral
control methods.?* Therefore, appropriate research studies need to be conducted to understand
the best approach in infection prevention including assessing the country’s ability to slow the
spread of infected people.?®

In Indonesia, the standard procedures recommended for preventing the spread of infection are
more effective in controlling the spread and keeping things safe. The most crucial strategies
include washing of hands after visiting public places and frequent exercises.?*? Other practices
involve overlaying mouth and nostrils when coughing and sneezing to prevent the spread of the
virus, assuming the person is asymptomatic or in preliminary degrees of contamination.?*?” Also,
proper cooking of foods such as meat, eggs, and animals helps to destroy the virus. In practice,
one needs to avoid close contact with anyone showing symptoms of respiratory illnesses such as
cough, flu, asthma, pneumonia, and tuberculosis. Therefore, this simple precaution can be
effectively carried out in controlling the spread and containing the virus.

The life cycle of SARS-CoV-2 and infection

Novel Coronavirus 2019 (COVID-19) has a life cycle mechanism divided into 3 parts, namely
entry, replication, and release, as shown in Figure 2. Firstly, the infection starts when the viral
spike (S) glycoprotein attached to the complementary host cell receptor. After attachment, a
protease of the host cell cleaves and activates the receptor-attached spike protein. Depending on
the availability of the host cell protease, cleavage and activation allow cell
entry by endocytosis or direct fusion of the viral envelop with the host membrane.?®

On entry into the host cell, the virus is uncoated, and its genome enters the cell cytoplasm.? The
coronavirus RNA genome has a 5'-methylated cap and a 3’-polyadenylated tail, which allows the
RNA to attach to the host cell's ribosome for translation, and translates the initial overlapping of
the virus genome and forms a long polyprotein.®®* The polyprotein consists of
proteases which cleaves it into multiple nonstructural proteins.
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Secondly, coronaviruses replicates and transcripts RNA from the strand by using the SARS-
CoV-2 replication mechanism, which binds cell surface molecules such as metalloprotease
amino peptidase with hemagglutinin esterase (HE-protein) and N-acetyl neuraminic acid as co-
receptor. Furthermore, the virus goes into the host cell by fusion of viral and cell membranes or
through the receptor-mediated endocytosis incorporated via an endosome, which is subsequently
acidified by proton pumps. Meanwhile, the virus produces direct proteins and new genomes in
the cytoplasm, particularly single positive-stranded RNA gen. Otherwise, the negative strand
serves as a template used to transcribe smaller subgenomic positive RNAs used to synthesize all
other proteins. After binding, assembled nucleocapsids with twisted helical RNA, it enters into
thgezendoplasmic reticulum (ER) lumen and is encased with the membrane as shown in Figure
2.

Thirdly, the replicated positive-sense of genomic RNA becomes the genome of the progeny
viruses. The mRNASs are gene transcripts after the initial overlapping reading frame translated by
the host's ribosomes into the structural proteins.®* RNA translation occurs inside the endoplasmic
reticulum, which consists of S, E, and M proteins that move along the secretory pathway into the
Golgi intermediate compartment. Therefore, the M proteins are required to assemble and bind
the virus into the nucleocapsid.®® Progeny viruses are released from the host cell
by exocytosis through secretory vesicles.®

Diagnosis

The proper diagnosis characteristics used to manage COVID-19 is the first line of control and a
deciding factor in the initiation of the course of treatment. This is different from the common
cold, which is properly treated with the right drugs. Sometimes the results of preliminary
examinations in infected people do not provide a clear diagnosis of the infection, therefore,
doctors tend to ask the patient to provide a detailed and accurate diagnosis of their disease such
as cough, flu, fever, and so on. The identifying and providing effective support, sputum
examination, and other diagnostic tests help to determine the infection early. Also, the number of
days from the infected date is noted at the laboratory to recommend individual diagnostic tests as
follows:

Reverse transcription-polymerase chain reaction (RT-PCR)

This is a standard technique for determining the virus by rRT-PCR from a nasopharyngeal swab.
A sputum sample is used to obtain the required results within hours to 2 days.** Sample
measurements (Swab test) consist of some steps using RT-PCR, as shown in Figure 3.

Enzyme-linked immunosorbent assay (ELISA)
Antibody assays are used to test infected people using their blood serum sample, with the results
released with few days.*

Computerized-Tomography (CT-Scan)

The contamination is analyzed from a mixture of side effects, chance elements, and a chest CT
scan demonstrating highlights of pneumonia.*® The fundamental diagnosis reports from medical
clinics in China show that majority of COVID-19 infected patients were determined using
pneumonia and trademark CT imaging patterns.>” Furthermore, radiological assessments have
become imperative in early determination and appraisal of disease course.*® CT scan of various
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COVID-19 contaminated patients differed in pattern®, and almost 50% of patients were
discovered from pictures. On admission to emergency clinics, the ground-glass haziness was the
most widely recognized radiologic finding on chest figured tomography (CT)* of 56.4% of
patients.** The longitudinal CT discovered infected patients with pneumonia with follow up
checks over the course of treatment. Besides that, it was seen that numerous patients did not have
strange radiologic findings.**

Treatments of COVID-19

The mechanism of viral infection is the entry of the virus into cells and multiplication using a
host cellular method characterized by damages to the host cell as a key for the development of
new drug compound therapies. Currently, there is no definitive and recommended therapy for
COVID-19 because it is a new virus, and making a vaccine required numerous clinical analyses
and tests. One of examples of treatment therapy i.e. convalescent plasma therapy which is the
administration of plasma from a recovered Covid-19 patient to a Covid-19 patient who is still
suffering from illness, so antibodies (immunity) in the plasma of the cured patient can help
patients who are still ill to cope with the disease.>** However, all antivirals used in COVID-19
therapy in almost all countries are still in the form of trial and error. Some countries have
referred to the antiviral therapy used during the occurrence of the SARS and MERS epidemic
several years ago, such as lopinavir, ritonavir, ribavirin, oseltamivir, etc. These drugs have been
used and were quite effective in dealing with SARS and MERS during the epidemic.? Similarly,
there are no definitive guidelines for dealing with COVID-19 in Indonesia, as the country also
relies on an existing drug such as oseltamivir. Indonesia has tried reaching out to China
regarding the drugs used to treat their infected citizens, including the purchase of Chloroquine
and Avigan. Some prospective drugs are considered to direct current applications or the
development of new therapeutic drugs, including modern and herbal medicines.

Entry inhibitors

The SARS-CoV-2 infects the respiratory system and alveoli cells in the lung sacs would be the
host for viral infection. In general, viruses enter the host cell by forming complex projections
such as spikes or lobes with receptors. However, the exact structure or lobe of SARS-CoV-2 is
not fully determined,”” although prior experience of coronavirus (B-family), shows it has
similarities with the receptor of host cells of SARS.** Recently it has been found that
Angiotensin-converting enzyme 2 (ACE2) is a cellular receptor for SARS coronavirus, (SARS-
CoV) and (SARS-CoV-2).** ACE2 has some homology with an angiotensin-converting enzyme
(ACE) although it is not inhibited by ACE inhibitors.® A previous SARS case was characterized
by an infection that was started by the transmembrane (S) spike in the glycoproteins binding the
host receptor and combines viruses to cell membranes. The identification of the viral / spikes
lobes molecular structure is time-consuming, while the development of facilitated heterocyclic
drug 4rgmlecules or existing heterocyclic screening has the ability to bind the entry inhibitor
drug.

Replication inhibitors

COVID-19 is an RNA virus that utilizes host cells for genomic replication by encoding the
RNA-dependent RNA polymerase (RdRp), which allows the viral genome to be transcribed into
new RNA copies using the host cell’s machinery. The viral genome replication mechanism
serves potential targets for the control of viral infections, while antiviral drugs such as
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Remdesivir and Favipiravir (Avigan) *° has the ability to potentially affect SARS-CoV-2 as
shown in Figures 4A and B. The nucleotide adenosine analogue antiviral for Ebola and RNA
viruses have shown some promising results in the clinical control of this virus.*” However,
further evaluation is needed for potential applications with more patients. The action mechanism
of Remdesivir as antiviral drug as shown in Figure 5.

Favipiravir is the brand name for Avigan, also known as T-705, which is an antiviral drug
developed by Toyama Chemical, a Fujifilm group, located in Japan with activity against many
RNA viruses. In Japan, this drug was originally developed to treat influenza, however, in
February 2020, Favipiravir was used in China for trials of emerging COVID-19 (novel
coronavirus) disease. The action mechanism of favipiravir can inhibit replication and translation
of virus by the RNA-dependent RNA polymerase (RdRp) of RNA viruses, as shown in Figure
6.% Further studies have shown that favipiravir induces mutant of RNA transversion, resulting in
a viable viral phenotype. This product is metabolized by human hypoxanthine-guanine
phosphoribosyltransferase  (HGPRT) known as favipiravir-ribofuranosyl-5-triphosphate
(favipiravir-RTP). During this COVID-19 pandemic, in a limited clinical trial with 80 subjects,
favipiravir showed an antiviral potential for SARS-CoV-2 that was better than
lopinavir/ritonavir.** Many other nucleoside analogues including DNA synthesis such as
tenofovir, disoproxil, lamivudine, and other antivirals have the potential to inhibit the
multiplication of SARS-CoV-2 and are being evaluated through molecular docking studies and
testing in infected cell culture.*

Protease inhibitors

Protease enzymes are involved within the maturation stage of virus replication inside the host
cell and related to protein or peptide translation. Figures 4C and D, shows that Lopinavir and
ritonavir are approved anti-HIV drugs, and a combination of both aids in the inhibition of SARS-
CoV-2."*°? A research carried out by Lim J et.al. on the remedy used to treat persons affected
with COVID-19 in Korea indicated that the administration of lopinavir/ritonavir (Kaletra,
AbbVie) extensively reduced the virus. °* This means that a detailed analysis is needed for the
recommendation of this drug and the formation of new drug compounds. Molecular docking of
potential inhibitors provide clear information because detailed docking simulation results have
shown essential input in previous SARS cases and other viral infections.>**® However, a lot of
clinical data needs to be conducted to prove the efficacy and safety of the human body.

Heterocyclic antiviral

Over the decades, many heterocyclic drug molecules have been used in the treatment of viral
infections, and these drugs are thought to be probably slightly effective in inhibiting SARS-CoV-
2. An example is Chloroquine, which was originally an antiplasmodium used to treat malaria.
This drug contains a quinoline group as shown in Figure 4E and inhibits the activity of the
enzyme heme polymerase into hemozoin. This accumulation kills the Plasmodium parasite
responsible for malaria.”® However, with the decrease in malaria and the emergence of
plasmodium resistance to Chloroquine, this drug is no longer used. Also, Chloroquine and
hydroxychloroquine are used for antiviral therapy. Gao et al. (2020) stated that Chloroquine has
a strong antiviral effect against the virus in primate cells. This inhibitory effect is observed when
cells are treated with Chloroquine both before and after exposure, which shows that it has a
preventive and therapeutic effect. In addition, Chloroquine and hydroxychloroquine are weak
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bases that are known to elevate the pH of acidic intracellular organelles, such as
endosomes/lysosomes, essential for membrane fusion inhibiting SARS-CoV-2 entry through
changing the glycosylation of ACE2 receptor and spike protein, shown in Figure 7.7 This
inhibits the receptor which prevent infection and spread of the SARS-CoV-2 at concentrations
that cause clinical response. In the SARS-CoV-2 pandemic in China, Chloroquine was used at a
dose of 500 mg for adult 2 times a day, for 10 days.”® Chloroquine and hydroxychloroquine are
also currently being tried in Malaysia at the same dosage used in China and Indonesia.

There are several heterocyclic antiviruses previously used as antivirals such as HIV, HIN1,
HIN5, and SARS, which are further examined for the treatment of COVID-19. Oseltamivir
(Tamiflu) has been widely used as a neuraminidase inhibitor for the treatment of influenza was
also recommended.*® In addition, other candidate compounds evaluated with antiviral activity
against SARS-CoV-2 are heterocyclic based on ACE2 peptides namely 3C-like protease
(3CLpro and 3CLpro-1) inhibitors and vinysulfone protease inhibitors.®*®*

Nano drug delivery systems

Drug delivery systems in the form of nanoparticle preparations have been widely used to
improve the bioavailability in the blood and enhance the transport and efficacy antiviral drugs
especially nucleoside analogues on cong'ugation with potential delivery systems that have been
proven in drug-resistant HIV infection.®*®> The wide variety of available nano delivery system
can be used with the new developed drug formulation which could be efficacious in delivering
the drugs with faster therapeutic indices for COVID-19.%¢%

Biological therapeutics

Antibody therapy can be used for the treatment of COVID-19 infections. However, this vaccine
still requires approximately 1 year before it can be globally utilized to prevent the spread of the
virus. According to Tian et al. specific human monoclonal antibodies such as CR3022 are
intended to bind strongly to SARS-CoV-2 receptor binding domain[= (RBD) (KD 6.3 nM) and
overlap the ACE2 binding site.” These unique results indicate the possibility of developing a
therapeutic vaccine with a combination of other antibodies. However, in vitro trials and clinical
studies are needed to obtain accurate clinical data for the prevention and treatment of COVID-19
infections.”

In developing a new vaccine one must pay attention to the similarity of immunogenic structural
proteins similar to SARS, MERS for SARS-CoV-2."* Ahmed et al. used a set of B and T cell
epitopes derived from spikes (S) and nucleocapsid proteins (N) to identically map the SARS-
CoV-2 protein.”” Reports suggested that the identified epitope has no available mutase sequence.
Therefore, this target immune epitope has the potential to be explored in the fight against the
SARS-CoV-2. However, the final results depend on in vitro and future clinical trials."

Herbal drugs

The herbal formulations used as alternative medication has been a success in presenting the
remedy to a number of infections in conjunction with symptom specific remedy using herbs.”®"
The initial lead from herbal medicinal drug has been successful in developing final applicable
formulations like Praneem (a natural extract of neem tree) as microbicide for HIV therapy.’
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Therefore, various studies have been conducted on the use of herbal drugs to test the active
compounds of some herbal in Indonesia by molecular docking in silico.

According to University of Indonesia (Ul) and Institute of Bogor Agriculture (IPB) researchers,
they stated that some chemical compounds which originated from several plants in Indonesia
have the potential ability to prevent COVID-19 infection in the form of molecular docking in
silico. Based on the results of prediction models with machine learning methods, namely SVM
(support vector machine), random forest, and MLP (multilayer perceptron) neural network is
associated with 20,644 interactions of protein compounds. The results are 31 herbal compounds
with 5 target proteins 3CLPro (Chymotripsin-like protease), PLPro (Papain-like protease), Spike-
ACEZ2, EIF4 (Eukaryotic initiation factor-4), and RdRp. Modeling of structure and ligand based
pharmacophores was used to carry out virtual screening with 1,377 compounds from the
HerbalDB database.””*° The results of compound hit from machine learning, and pharmacophore
mapping was confirmed using molecular docking.

Guava (Psidium guajava) with pink flesh contains active compounds including myricetin,
quercetin, luteolin, kaempferol, isorhamnetin’®, and hesperidin’®. Luteolin is a furin protein
inhibitor® and assumed as one of the enzymes that breakdown the Coronavirus S (spike) protein
in MERS into units of S1 and S2.%! In the S1 unit, there is a receptor-binding domain (RBD)
where the ACE2 peptidase binds the virus in the host cell.’* The Hesperidin/hesperitin compound
in the silico study inhibits the RBD of the SARS-COV-2 Spike protein which is also known as
luteolin having a neuramidase inhibitor as well as oseltamivir which is currently one of the drugs
used in the CDC protocol .22

Hesperidin a form of hesperidin aglycone and Quercetin is also known to act as inhibitors of
3CLpro virus proteins.®*® Other compounds in guava such as myricetin act as SARS
coronavirus helicase inhibitors.®> The kaempferol has the potential to be a non-competitive
inhibitor of 3CLPro and PLpro as well as quercetin.®® It also acts as a autophagy modulator,
inducer and inhibitor, of the virus.

Meanwhile, Indonesia is also famous for its variety of cooking condiments which are derived
from plants. One of the commonly used condiments for cooking or herbal medicine in Indonesia
IS empon-empon consisting of ginger, turmeric, galangal, curcuma and lemongrass. Furthermore,
animals such as snakehead fish also improve immune system in the body due to high protein and
amino acids.*® According to UNAIR (University of Airlangga) researchers stated that the
approach that can be taken in the public by consuming empon-empon to boost the immune
system to avoid COVID-19.%

Turmeric containing curcumin have been consumed and proven by people for centuries and
beneficial to health. For example it is used to maintain fitness vitality, liver, and digestive
systems based on empirical experimental evidence. Various studies have been carried out in vitro
and preclinical tests showing that curcumin is anti-inflammatory, antiviral, antibacterial,
antifungal, and antioxidant based on scientific evidence.” %

One of the benefits of curcumin obtained from clinical trials is to increase the body's immune
system. Recent research on curcumin against the virus shows that the SARS-CoV-2 receptor is
an enzyme ACE2 found in host cells of human especially alveolus lungs. However, the cell entry
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of the virus depends on the binding of the spike virus protein, the receptor on the host cell
(ACEZ2) and pad priming protein spike (TMPRSS2).%

Conclusion

The surging spread of the virus through human-to-human transmission has created a change in
human life that must meet health protocol standards including therapy protocols to combat
COVID-19. Few existing drugs had been evaluated for the remedy of SARS-CoV-2 and shown
promising good effects in clinical applications. The chemical and herbal drugs for the
management of viral infection symptoms have been on the frontline to mitigate this novel viral
infectious disease and have helped the number of patients in safe healing from COVID-19.
Several drugs have been clinically evaluated for the treatment of COVID-19, which showed
promising results and assisted a number of patients to recover safely. There is continuous
research on the potential of therapeutics in evaluating the existing antiviral drugs such as modern
and herbal medicines.
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Table 1. Active compounds having the potential as antiviral SARS-CoV-2%

Target Compounds Sources
3CLpro Rhamnetin 3-mannosyl-(1-2)-alloside Cassia alata,30
Kaempherol 3,4’-di-O-methyl ether (Ermanin) Tanacetum microphyllum
Cyanidine 3-sophoroside-5-glucoside Brassica oleracea; Ipomoea
batatas; Raphanus sativus
Casuarinin Psidium guajava
Quercetin 3-(2G-rhamnosylrutinoside) Clitoria ternatea
Peonidine 3-(4’-arabinosylglucoside) Ipomoea fistulosa
Hesperidine Psidium guajava
Citrus aurantium
PLpro Platycodin D Platycodon grandiflorus
Baicalin Scutellaria baicalensis
Sugetriol-3,9-diacetate Cyperus rotundus
Phaitanthrin D 2,2-di(3-indolyl)-3-indolone Isatis indigotica
(-)-epigallocatechin gallate Camellia sinensis

2-93,4-Dihydroxyphenyl)-2-[2-(3,4-
Dihydroxyphenyl)-3,4-dihydro-5,7-dihydroksi-2H- Vitis vinifera
1-benzopyran-3-yl]-3,4-dihydro-2H-1-benzopyran-

3,4,5,7-tetrol

RdRp. Betulanol Cassine xylocarpa
Gnidicin Gnidia lamprantha
2-B,30B-dihydroxy-3,4-seo-friedelolactone-27-lactone Viola diffusa
14-deoxy-11,12-didehydroandrographolide Andrographis paniculata
1,7-dihyroxy-3-methoxyxanthone Swerti apseudochinensis
Theaflacin 3,3’-di-O-gallate Camelia sinensis
2-(3,4-dihydrophenyl)-2-[(2-3,4-dihydroxyphenyl)-
3,4-dihydro-5-7-dihydroxy-2H-1-benzopyran- Vitis vinifera
3-yl]oxy]-3,4-dihydro-2H-1-benzopyran-3,4,5,7-tetrol

Spike-ACE2 Hesperidine Psidium guajava

Citrus aurantium
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Abstract

A recent outbreak of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) disease also
called Coronavirus disease 2019 (COVID-19) in China, has rapidly spread to other countries of
the world. The medical and scientific communities are working tirelessly to produce a vaccine due
to the lethal nature of this virus. COVID-19 is a novel virus that requires immediate emergency
therapy, thereby leading to massive fear of infection, social problems in the community, and an
increase in the number of infected people. Therefore,scientists and researchers need to determine
the epidemiological cases of the virus, such as its modeof transmission, effective preventive
measures, and the nature of the life cycle. In addition, there need to be current literature advances
in diagnostic development such as reverse transcription polymerase chain reaction (RT-PCR),
computed tomography san (CT-Scan), Elisa-as well as clinical researches on modern and herbal
drugs for the treatment of infected patients. This treatment technique is classified from antiviral
drugs such as entry, replication, nucleosides, nucleotides, and protease inhibitors, along with
the use of heterocyclic drugs, monoclonal antibodies therapy, vaccine development and herbal
formulations that have been pre-clinically tested in vitro and molecular docking. Chemical drug
molecules with prospective applications in the treatment of COVID-19 have been included in

this review.

Introduction

In December 2019, the Chinese city of Wuhan experienced
a rapid spread in an infectious disease, which affected the
respiratory system, thereby leading to.a high mortality
rate. This virus, known as Coronavirus disease 2019
(COVID-19), soon spread to other countries and was
declared a pandemic by the World Health Organization
(WHO).! Infected people show symptoms of pneumonia,
which is similar to SARS (Severe Acute Respiratory
Syndrome). This disease is caused by a lethal virus in nature
and is currently the highest leading cause of mortality all
over the world.>The first reported case was in China, and
within a few months; it has spread to almost all countries
and continents in the world.” According to studies, the most
significant numbers of cases of infected people are in South
Korea, Italy, Iran, South Africa, the USA, and Indonesia. In
a recent update by WHO, over 90,000 people all over the
world are infected with approximately 3,000 deaths. China
alone recorded 2,500 deaths by the end of February 2020.
The WHO declared the virus a pandemic due to its rapid
spread in various countries. It is speculated that this
virus originated from different animals consumed as
food in China. Early transmission studies reported that it
originated from local fish and wild animal markets with
possible transmission from animals to humans and vice

versa. However, this speculation has not been proven. This

disease has led to a very high increase in mortality all over
the world.*

In Indonesia, the virus was not in existence till the end of
April 2020, based on data from the Ministry of Health.
Since its inception, there has been a rapid increase in
the mortality rate due to the high number of infected
people.® Therefore, based on these data, the Indonesian
government quickly responded and took preventive
measures to reduce the spread of this virus. Before now,
no drug or vaccine has been proven to kill or inhibit the
COVID-19 virus. However, WHO announced that over
20 countries and pharmaceutical companies around
the world are developing vaccines and drugs to fight the
virus.’ Unfortunately, this development is going to take at
least a year before completion. Meanwhile, several types
of modern and herbal COVID-19 treatments have been
clinically tested, such as Remdesivir and Chloroquine, as
well as curcumin (in vitro study).

The emergence and rapid spread of this virus have hastened
the development of diagnosis and medicines for the
treatment of this infectious disease. In Indonesia, doctors
have used several existing modern and herbal medicines,
with national and international health institutions, to
understand the mechanism, virulence, and pharmacology
of the virus to develop possible drugs and vaccines. This
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review discusses the literature report on progress regarding
diagnostic methods and developmental therapies with the
possible use of candidate compounds of modern and herbal
medicines for COVID-19 infectious diseases in Indonesia.

The Coronaviruses

Coronavirus, a genus of the Coronaviridae family, is a
positive-strand and the most significant viral genome
of all RNA viruses (27-32 kb), causing a wide range of
diseases related to the respiratory system. The symptoms
may vary from the common cold, dry cough to more
severe respiratory diseases.” Furthermore, it consists of 80
to 160 nm particles, 4 or 5 structural spike (S), membrane
(M), hemagglutinin-esterase (HE), nucleocapsid (N),
and small envelope € proteins.® In addition, the virion
structure consists of S glycoprotein, which forms petal-
shaped spikes on the surface with 180 to 200 KDa molecule
that is cotranslationally glycosylated in the endoplasmic
reticulum as shown in Figure 1.* SARS-CoV-2 was an new
strain of the current virus,”'® which was transmitted from
animals to human'!, however, the new coronavirus infects
humans.

Human coronavirus spike protein

Spike (S)

Nucleocapsid (N)

Membrane (M) ———

Envelope (E)

RNA viral genome

PDB,ID:6108

Figure 1. Structure of new coronavirus and protein visualization,
now designated severe acute respiratory syndrome coronavirus-2,
(SARS-CoV-2)

COVID-19 Transmission

COVID-19 spreads rapidly .amongst humans with
symptoms and asymptomatic carriers. The virus is easily
spread when the liquid droplet of an infected person
drops on surfaces when the patient coughs or sneezes.
Transmission in certain cases is usually through the
air, by staying close to an infected person.’? Meanwhile,
asymptomatic patients are hidden carriers of the virus
and contribute to a greater transmission of the virus. This
manual transmission also spread, assuming the patient has
symptoms.® In addition, vertical transmission of the virus
from mother to child has not been observed according to
research conducted by Chen H et al. in a small group of
pregnant women. They stated that the virus is vertically
intrauterine and non-transmittable from mothers to
unborn babies. The emergence and the spread of this new
virus is due to the increase in human populations which
causes proximity.'>"

Symptoms and Mortality of COVID-19

Symptoms of COVID-19 are indicated by the occurrence
of respiratory distress similar to acute respiratory distress
syndrome (ARDS), which marked respiratory infections
on COVID-19 patients. These include runny nose, fever,
cough, shortness of breath, sore throat, and mild to
moderate upper respiratory tract illness. In severe cases,
patients experience pneumonia, SARS, kidney failure, and
even death. An infected patient shows full signs of the virus
within two to seven days. However, the median incubation
duration of infection development changed to 4 days with
an interquartile variety of 2 to 7 days in all patients.' This
is known as the incubation period which progresses for
four days with an interquartile range.'

Study conducted by Guan et al. showed the middle-aged
were more prone to infection compared to other categories
of people.”” Approximately 41.9% of the total number of
patients were women, therefore, there are gender differences
in the spread of the virus. The report also stated that the
primary composite endpoint occurred in 6% of patients.
In Wuhan city, there was no gender difference in people
infected with COVID-19 with the highest mortality rates
of 8.4% by 20 March 2020."* However, research shows
that the elderly and young children are most at risk from
the infection. This is similar to SARS, though it appears
nCoV-2019 is less lethal compared to SARS and MERS,
this is'because approximately 15 to 20% of cases become
severe within a limited timeframe. According to doctors,
the lethal rate is about 1 in 10 which caused by enveloped
virus meaning that it is protected by a glycoprotein shell,
thereby, making it difficult to treat.2*?!

Preventive Measures

All countries, including Indonesia, need preventive
measures to overcome the spread of COVID-19, which
currently has no known cure and vaccines. Therefore,
handling infected patients has been recommended as one
of the steps to control the rampant spread of the virus
among people. However, it is difficult to force the isolation
of infected patients because this causes many social
problems. Like many reports in the Indonesian media, the
practice of forced confinement of infected people at home
is very difficult for health workers and the police. The
isolation of infected individuals supported the provision
of complete hospital treatment is one of the moral control
methods.?? Therefore, appropriate research studies need to
be conducted to understand the best approach in infection
prevention including assessing the country’s ability to slow
the spread of infected people.”

In Indonesia, the standard procedures recommended for
preventing the spread of infection are more effective in
controlling the spread and keeping things safe. The most
crucial strategies include washing of hands after visiting
public places and frequent exercises.**® Other practices
involve overlaying mouth and nostrils when coughing
and sneezing to prevent the spread of the virus, assuming
the person is asymptomatic or in preliminary degrees of
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contamination.”®? Also, proper cooking of foods such
as meat, eggs, and animals helps to destroy the virus. In
practice, one needs to avoid close contact with anyone
showing symptoms of respiratory illnesses such as cough,
flu, asthma, pneumonia, and tuberculosis. Therefore,
this simple precaution can be effectively carried out in
controlling the spread and containing the virus.

The Life Cycle of SARS-CoV-2 and Infection

Novel Coronavirus 2019 (COVID-19) has a life cycle
mechanism divided into 3 parts, namely entry, replication,
and release, as shown in Figure 2. Firstly, the infection
starts when the viral spike (S) glycoprotein attached to
the complementary host cell receptor. After attachment, a
protease of the host cell cleaves and activates the receptor-
attached spike protein. Depending on the availability of
the host cell protease, cleavage and activation allow cell
entry by endocytosis or direct fusion of the viral envelop
with the host membrane.?®

On entry into the host cell, the virus is uncoated,
and its genome enters the cell cytoplasm.? The
coronavirus RNA genome has a 5-methylated cap and
a 3’-polyadenylated tail, which allows the RNA to
attach to the host cell’s ribosome for translation, and
translates the initial overlapping of the virus genome
and forms a long polyprotein.*® The polyprotein consists
of proteases which cleaves it into multiple nonstructural
proteins.?

Secondly, coronaviruses replicates and transcripts RNA
from the strand by using the SARS-CoV-2 replication
mechanism, which binds cell surface molecules such as
metalloprotease amino peptidase with hemagglutinin
esterase (HE-protein) and N-acetyl neuraminic acid as
co-receptor. Furthermore, the virus goes into the host

Binding and viral entry via
membrane fusion or endocytosis

BN
MN\J\PI\@ Release of viral genome
/ (- sense)

Viral
PO polymerase protein

(@) rNAreplication
~Pa

Genomic replication

©)]

ic (nested)
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with nucleocapsid

AV VaVaYa Ve Ve Ve Ve Vel

cell by fusion of viral and cell membranes or through
the receptor-mediated endocytosis incorporated via an
endosome, which is subsequently acidified by proton
pumps. Meanwhile, the virus produces direct proteins
and new genomes in the cytoplasm, particularly single
positive-stranded RNA gen. Otherwise, the negative strand
serves as a template used to transcribe smaller subgenomic
positive RNAs used to synthesize all other proteins. After
binding, assembled nucleocapsids with twisted helical
RNA, it enters into the endoplasmic reticulum (ER) lumen
and is encased with the membrane as shown in Figure 2.
Thirdly, the replicated positive-sense of genomic RNA
becomes the genome of the progeny viruses. The
mRNAs are gene transcripts after the initial overlapping
reading frame translated by the hosts ribosomes into
the structural proteins.®® RNA translation occurs inside
the endoplasmic reticulum, which consists of S, E, and
M proteins that move along the secretory pathway into
the Golgi intermediate compartment. Therefore, the M
proteins are required to assemble and bind the virus into
the nucleocapsid.” Progeny viruses are released from the
host cell by exocytosis through secretory vesicles.”

Diagnosis

The proper diagnosis characteristics used to manage
COVID- 19 is the first line of control and a deciding factor
in thednitiation of the course of treatment. This is different
from the common cold, which is properly treated with
the right drugs. Sometimes the results of preliminary
examinations in infected people do not provide a clear
diagnosis of the infection, therefore, doctors tend to ask the
patient to provide a detailed and accurate diagnosis of their
disease such as cough, flu, fever, and so on. The identifying
and providing effective support, sputum examination, and

&

@ Exocytosis

Formation of
mature virion

S

RNA genome
(- sense)

Genomic and
subgenomic RNA

(» sense -

Spike (S) Y

Membrane (M)

m

ANNNN Nucleocapsid (N) @

o

N \‘

Translation of viral £ ‘ Q‘t
structural proteins M 2® x

S, M andEar
ER membrane

Figure 2. The life cycle of coronavirus including the viral spike (S) glycoprotein attach to the complementary host cell receptor via
membrane fusion or endocytosis then release of viral genome, translation of viral polymerase protein, RNA replication, subgenomic
transcription and translation of viral structural proteins. S, E, and M protein combine with nucleocapsid forming mature virion and exocytosis.
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other diagnostic tests help to determine the infection early.
Also, the number of days from the infected date is noted
at the laboratory to recommend individual diagnostic tests
as follows:

Reverse transcription-polymerase chain reaction (RT-
PCR)

This is a standard technique for determining the virus by
rRT-PCR from a nasopharyngeal swab. A sputum sample
is used to obtain the required results within hours to 2
days.*> Sample measurements (Swab test) consist of some
steps using RT-PCR, as shown in Figure 3.

Enzyme-linked immunosorbent assay (ELISA)

Antibody assays are used to test infected people using their
blood serum sample, with the results released with few
days.”

Computerized-Tomography (CT-Scan)

The contamination is analyzed from a mixture of side
effects, chance elements, and a chest CT scan demonstrating
highlights of pneumonia.** The fundamental diagnosis
reports from medical clinics in China show that majority
of COVID-19 infected patients were determined using
pneumonia and trademark CT imaging patterns.”
Furthermore, radiological assessments have become
imperative in early determination and appraisal of disease
course.” CT scan of various COVID-19 contaminated
patients differed in pattern®, and almost 50% of patients
were discovered from pictures. On admission to emergency

@ Nasopharyngeal swab <15min

Cotton swab is inserted into nostril
to absorb secretions.

@ Collected specimen C-72h

Specimen is stored at 2-8°C forup to
72 hours or proceed to RNA extraction.

clinics, the ground-glass haziness was the most widely
recognized radiologic finding on chest figured tomography
(CT)*"0f56.4% of patients.*® Thelongitudinal CT discovered
infected patients with pneumonia with follow up checks
over the course of treatment. Besides that, it was seen that
numerous patientsdid nothave strange radiologic findings.*

Treatments of COVID-19

The mechanism of viral infection is the entry of the virus
into cells and multiplication using a host cellular method
characterized by damages to the host cell as a key for the
development of new drug compound therapies. Currently,
there is no definitive and recommended therapy for
COVID-19 because it is a new virus, and making a vaccine
required numerous clinical analyses ‘and tests. One of
examples of treatment therapy i.e. convalescent plasma
therapy which is the administration of plasma from a
recovered COVID-19 patient to a Covid-19 patient who is
still suffering from illness, so antibodies (immunity) in the
plasma of the cured patient can help patients who are still
ill to cope with the disease.** However, all antivirals used
in COVID-19 therapy in almost all countries are still in
the form of trial and error. Some countries have referred
to the antiviral therapy used during the occurrence of
the SARS and MERS epidemic several years ago, such as
lopinavir, ritonavir, ribavirin, oseltamivir, etc. These drugs
have been used and were quite effective in dealing with
SARS and MERS during the epidemic.’ Similarly, there
are no definitive guidelines for dealing with COVID-19 in
Indonesia, as the country also relies on an existing drug

RNA extraction ~45min
Purified RNA is extracted from deactivated virus.
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Figure 3. The steps of coronavirus disease 2019 (COVID-19) diagnostic test through reverse transcription polymerase chain reaction
(RT-PCR) by nasophangeal swab using cotton swab, collecting specimen, extracting RNA, operating RT-PCR, and showing positive or
negative results. Created with BioRender.com.
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such as oseltamivir. Indonesia has tried reaching out to
China regarding the drugs used to treat their infected
citizens, including the purchase of Chloroquine and
Avigan. Some prospective drugs are considered to direct
current applications or the development of new therapeutic
drugs, including modern and herbal medicines.

Entry inhibitors

The SARS-CoV-2 infects the respiratory system and
alveoli cells in the lung sacs would be the host for viral
infection. In general, viruses enter the host cell by forming
complex projections such as spikes or lobes with receptors.
However, the exact structure or lobe of SARS-CoV-2
is not fully determined,” although prior experience of
coronavirus (B-family), shows it has similarities with
the receptor of host cells of SARS.*' Recently it has been
found that Angiotensin-converting enzyme 2 (ACE2) is
a cellular receptor for SARS coronavirus, (SARS-CoV)
and (SARS-CoV-2).* ACE2 has some homology with
an angiotensin-converting enzyme (ACE) although it is
not inhibited by ACE inhibitors.> A previous SARS case
was characterized by an infection that was started by the
transmembrane (S) spike in the glycoproteins binding the
host receptor and combines viruses to cell membranes. The
identification of the viral / spikes lobes molecular structure
is time-consuming, while the development of facilitated
heterocyclic drug molecules or existing heterocyclic
screening has the ability to bind the entry inhibitor drug.*’

Replication inhibitors
COVID-19 is an RNA virus that utilizes host cells for

genomic replication by encoding the RNA-dependent
RNA polymerase (RdRp), which allows the viral genome
to be transcribed into new RNA copies using the host
cell's machinery. The viral genome replication mechanism
serves potential targets for the control of viral infections,
while antiviral drugs (Figure 4) such as Remdesivir and
Favipiravir (Avigan)* has the ability to potentially affect
SARS-CoV-2 as shown in Figures 4A and B. The nucleotide
adenosine analogue antiviral for Ebola and RNA viruses
have shown some promising results in the clinical control
of this virus.”” However, further evaluation is needed for
potential applications with more patients. The action
mechanism of Remdesivir as antiviral drug as shown in
Figure 5.

Favipiravir is the brand name for Avigan, also known as
T-705, which is an antiviral drug developed by Toyama
Chemical, a Fuyjifilm group, located in Japan with
activity against many RNA viruses. In Japan, this drug
was originally developed to treat influenza, however, in
February 2020, Favipiravir was used in China for trials
of emerging COVID-19 (novel coronavirus) disease. The
action mechanism of favipiravir can inhibit replication
and translation of virus by the RNA-dependent RNA
polymerase (RdRp) of RNA viruses, as shown in Figure 6.
Further studies have shown that favipiravir induces mutant
of RNA transversion, resulting in a viable viral phenotype.
This _product is metabolized by human hypoxanthine-
guanine -phosphoribosyltransferase (HGPRT) known as
tavipiravir-ribofuranosyl-5-triphosphate (favipiravir-
RTP). During this COVID-19 pandemic, in a limited
clinical trial with 80 subjects, favipiravir showed an

Figure 4. Chemical structures of Remdesivir (A), Favipiravir (B), Ritonavir (C), Lopinavir (D), Chloroquine (E)
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Figure 6. The action mechanism of Favipiravir as a potential repurposed drug candidate for COVID-19 which can inhibit replication and
translation of virus by the RNA-dependent RNA polymerase (RdRp) of RNA viruses. Created with BioRender.com.

antiviral potential for SARS-CoV-2 that was better than
lopinavir/ritonavir.” Many other nucleoside analogues
including DNA synthesis such as tenofovir, disoproxil,
lamivudine, and other antivirals have the potential to
inhibit the multiplication of SARS-CoV-2 and are being

evaluated through molecular docking studies and testing
in infected cell culture.*®

stage of virus replication inside the host cell and related
to protein or peptide translation. Figures 4C and D, shows
that Lopinavir and ritonavir are approved anti-HIV drugs,
and a combination of both aids in the inhibition of SARS-
CoV-2.2% A research carried out by Lim ] et.al.® on the
remedy used to treat persons affected with COVID-19
in Korea indicated that the administration of lopinavir/
ritonavir (Kaletra, AbbVie) extensively reduced the
Protease inhibitors virus.This means that a detailed analysis is needed for

Protease enzymes are involved within the maturation  the recommendation of this drug and the formation of
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new drug compounds. Molecular docking of potential
inhibitors provide clear information because detailed
docking simulation results have shown essential input
in previous SARS cases and other viral infections.”
However, a lot of clinical data needs to be conducted to
prove the efficacy and safety of the human body.

Heterocyclic antiviral

Over the decades, many heterocyclic drug molecules have
been used in the treatment of viral infections, and these
drugs are thought to be probably slightly effective in
inhibiting SARS-CoV-2. An example is Chloroquine, which
was originally an antiplasmodium used to treat malaria.
This drug contains a quinoline group as shown in Figure 4E
and inhibits the activity of the enzyme heme polymerase
into hemozoin. This accumulation kills the Plasmodium
parasite responsible for malaria.®* However, with the
decrease in malaria and the emergence of plasmodium
resistance to Chloroquine, this drug is no longer used.
Also, Chloroquine and hydroxychloroquine are used for
antiviral therapy. Gao et al. (2020) stated that Chloroquine
has a strong antiviral effect against the virus in primate cells.
This inhibitory effect is observed when cells are treated with
Chloroquine both before and after exposure, which shows
that it has a preventive and therapeutic effect. In addition,
Chloroquine and hydroxychloroquine are weak bases
that are known to elevate the pH of acidic intracellular
organelles, such as endosomes/lysosomes, essential for
membrane fusion inhibiting SARS-CoV-2 entry through
changing the glycosylation of ACE2 receptor and spike
protein, shown in Figure 7.>7 This inhibits the receptor
which prevent infection and spread of the SARS-CoV-2 at
concentrations that cause clinical response. In the SARS-

CoV-2 pandemic in China, Chloroquine was used at a dose
of 500 mg for adult 2 times a day, for 10 days.*® Chloroquine
and hydroxychloroquine are also currently being tried in
Malaysia at the same dosage used in China and Indonesia.
There are several heterocyclic antiviruses previously
used as antivirals such as HIV, HIN1, HINS5, and
SARS, which are further examined for the treatment of
COVID-19. Oseltamivir (Tamiflu) has been widely used as
a neuraminidase inhibitor for the treatment of influenza
was also recommended.” In addition, other candidate
compounds evaluated with antiviral activityagainst SARS-
CoV-2 are heterocyclic based on ACE2 peptides namely
3C-like protease (3CLpro and 3CLpro-1) inhibitors and
vinysulfone protease inhibitors.**

Nano Drug Delivery Systems

Drug delivery systems in the form of nanoparticle
preparations have been widely used to improve the
bioavailability in the blood and enhance the transport and
efficacy antiviral® drugs' especially nucleoside analogues
on conjugation with potential delivery systems that have
been proven in drug-resistant HIV infection.®*® The wide
variety of available nano delivery system can be used with
the new.developed drug formulation which could be
efficacious in delivering the drugs with faster therapeutic
indices for COVID-19.¢7

Biological Therapeutics

Antibody therapy can be used for the treatment of
COVID-19 infections. However, this vaccine still requires
approximately 1 year before it can be globally utilized to
prevent the spread of the virus. According to Tian et al.
specific human monoclonal antibodies such as CR3022 are
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intended to bind strongly to SARS-CoV-2 receptor binding
domain[= (RBD) (KD 6.3 nM) and overlap the ACE2
binding site.®® These unique results indicate the possibility
of developing a therapeutic vaccine with a combination
of other antibodies. However, in vitro trials and clinical
studies are needed to obtain accurate clinical data for the
prevention and treatment of COVID-19 infections.*

In developing a new vaccine one must pay attention to
the similarity of immunogenic structural proteins similar
to SARS, MERS for SARS-CoV-2. Ahmed et al. used a
set of B and T cell epitopes derived from spikes (S) and
nucleocapsid proteins (N) to identically map the SARS-
CoV-2 protein.”® Reports suggested that the identified
epitope has no available mutase sequence. Therefore, this
target immune epitope has the potential to be explored
in the fight against the SARS-CoV-2. However, the final
results depend on in vitro and future clinical trials.”

Herbal drugs

The herbal formulations used as alternative medication has
been a success in presenting the remedy to a number of
infections in conjunction with symptom specific remedy
using herbs.””” The initial lead from herbal medicinal
drug has been successful in developing final applicable
formulations like Praneem (a natural extract of neem
tree) as microbicide for HIV therapy.”* Therefore, various

studies have been conducted on the use of herbal drugs to
test the active compounds of some herbal in Indonesia by
molecular docking in silico (Table 1).

According to University of Indonesia (UI) and Institute of
Bogor Agriculture (IPB) researchers, they stated that some
chemical compounds which originated from several plants
inIndonesia have the potential ability to prevent COVID-19
infection in the form of molecular docking in silico. Based
on the results of prediction models with machine learning
methods, namely SVM (support vector machine), random
forest, and MLP (multilayer perceptron) neural network is
associated with 20,644 interactions of protein compounds.
The results are 31 herbal compounds with 5 target proteins
3CLPro (Chymotripsin-like protease); PLPro (Papain-
like protease), Spike-ACE2, EIF4 (Eukaryotic initiation
factor-4), and RdRp. Modeling of structure and ligand
based pharmacophores was used to carry out virtual
screening with 1,377 compounds from the HerbalDB
database.”” The results of compound hit from machine
learning, and pharmacophore mapping was confirmed
using molecular docking.

Guava (Psidium guajava) with pink flesh contains active
compounds. including myricetin, quercetin, luteolin,
kaempferol, isorhamnetin™, and hesperidin.”” Luteolin
is a furin protein inhibitor’”® and assumed as one of the
enzymes that breakdown the Coronavirus S (spike) protein

Table 1. Active compounds having the potential as antiviral SARS-CoV-28%!

Target Compounds Sources
3CLpro Rhamnetin 3-mannosyl-(1-2)-alloside Cassia alata,30
Kaempherol 3,4’-di-O-methyl ether (Ermanin) Tanacetum microphyllum
Cyanidine 3-sophoroside-5-glucoside Brassica oleracea, Ipomoea batatas, Raphanus sativus
Casuarinin Psidium guajava
Quercetin 3-(2G-rhamnosylrutinoside) Clitoria ternatea
Peonidine 3-(4’-arabinosylglucoside) Ipomoea fistulosa
Hesperidine Psidium guajava, Citrus aurantium
PLpro Platycodin D Platycodon grandiflorus
Baicalin Scutellaria baicalensis
Sugetriol-3,9-diacetate Cyperus rotundus
Phaitanthrin D 2,2-di(3-indolyl)-3-indolone Isatis indigotica
(-)-epigallocatechin gallate Camellia sinensis
2-98,4-Dihydroxyphenyl)-2-[2-(3,4-Dihydroxyphenyl)-3,4-di-  Vitis vinifera
hydro-5,7-dihydroksi-2H-1-benzopyran-3-yl]-3,4-dihy-
dro-2H-1-benzopyran-3,4,5,7-tetrol
RdRp. Betulanol Cassine xylocarpa
Gnidicin Gnidia lamprantha

2-3,30B-dihydroxy-3,4-seo-friedelolactone-27-lactone

Viola diffusa

14-deoxy-11,12-didehydroandrographolide

Andrographis paniculata

1,7-dihyroxy-3-methoxyxanthone

Swerti apseudochinensis

Theaflacin 3,3’-di-O-gallate

Camelia sinensis

2-(3,4-dihydrophenyl)-2-[(2-3,4-dihydroxyphenyl)-3,4-dihy-

Vitis vinifera

dro-5-7-dihydroxy-2H-1-benzopyran-3-ylJoxy]-3,4-dihydro-

2H-1-benzopyran-3,4,5,7-tetrol

Hesperidine

Psidium guajava, Citrus aurantium
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in MERS into units of S1 and S2.7%%° In the S1 unit, there isa
receptor-binding domain (RBD) where the ACE2 peptidase
binds the virus in the host cell.** The Hesperidin/hesperitin
compound in the silico study inhibits the RBD of the
SARS-COV-2 Spike protein which is also known as luteolin
having a neuramidase inhibitor as well as oseltamivir which
is currently one of the drugs used in the CDC protocol.*!
Hesperidin a form of hesperidin aglycone and Quercetin is
also known to act as inhibitors of 3CLpro virus proteins.*>%
Other compounds in guava such as myricetin act as SARS
coronavirus helicase inhibitors.** The kaempferol has the
potential to be a non-competitive inhibitor of 3CLPro and
PLpro as well as quercetin.® It also acts as a autophagy
modulator, inducer and inhibitor, of the virus.

Meanwhile, Indonesia is also famous for its variety of
cooking condiments which are derived from plants. One
of the commonly used condiments for cooking or herbal
medicine in Indonesia is empon-empon consisting of
ginger, turmeric, galangal, curcuma and lemongrass.
Furthermore, animals such as snakehead fish also improve
immune system in the body due to high protein and amino
acids.®® According to UNAIR (University of Airlangga)
researchers stated that the approach that can be taken
in the public by consuming empon-empon to boost the
immune system to avoid COVID-19.”

Turmeric containing curcumin have been consumed and
proven by people for centuries and beneficial to health,
For example it is used to maintain fitness vitality, liver,
and digestive systems based on empirical experimental
evidence. Various studies have been carried out in vitro
and preclinical tests showing that curcumin is anti-
inflammatory, antiviral, antibacterial, antifungal, and
antioxidant based on scientific evidence.®*

One of the benefits of curcumin obtained from clinical
trials is to increase the body’s immune system. Recent
research on curcumin against the virus shows that the
SARS-CoV-2 receptor is an enzyme ACE2 found in host
cells of human especially alveolus lungs. However, the
cell entry of the virus depends on the binding of the spike
virus protein, the receptor on thehost cell (ACE2) and pad
priming protein spike (TMPRSS2).%

Conclusion

The surging spread of the virus through human-to-human
transmission has created a change in human life that
must meet health protocol standards including therapy
protocols to combat COVID-19. Few existing drugs had
been evaluated for the remedy of SARS-CoV-2 and shown
promising good effectsin clinical applications. The chemical
and herbal drugs for the management of viral infection
symptoms have been on the frontline to mitigate this novel
viral infectious disease and have helped the number of
patients in safe healing from COVID-19. Several drugs have
been clinically evaluated for the treatment of COVID-19,
which showed promising results and assisted a number of
patients to recover safely. There is continuous research
on the potential of therapeutics in evaluating the existing

antiviral drugs such as modern and herbal medicines.

Conlflict of Interest
The authors claim that there is no conflict of interes

References

1. Kumar S, FNU P, Rathi B. Coronavirus Disease
COVID-19: A New Threat to Public Health. Curr Top
Med Chem. 2020;20(8):599-600. doi:10.2174/1568026
620999200305144319

2. Wu E Zhao S, Yu B, Chen YM, Wang W, Song ZG,
et al. A new coronavirus associated with human
respiratory disease in China. Nature. 2020;579:265-69.
doi:10.1038/s41586-020-2008-3

3. Chhikara B.S, Brijesh R, Jyoti S, Poonam. Corona
virus SARS-CoV-2 disease COVID-19: Infection,
prevention and clinical advances of the prospective
chemical drug therapeutics. Chem Biol Lett.
2020;7(1):63-72.

4. Bogoch II,Watts A, Thomas-Bachli A, Huber C,
Kraemer MUG, Khan K. Potential for global spread
of a novel coronavirus from China. J Travel Med.
2020;27(2):taaa011. doi:10.1093/jtm/taaa011

5. Adyatama E, Persada S. BNPB extends the corona
emergency period to May 29, 2020. Tempo magazine.
Online 17 March 2020. Jakarta.

6. Cohen J, Normile D. New SARS-like virus in China
triggers alarm. Science. 2020 367(6475):234-235. doi:
10.1126/science.367.6475.234

7. Chang FR, Yen CT, Ei-Shazly M, Lin WH, Yen MH,
Lin KH, et al. Anti-human coronavirus (anti-HCoV)
triterpenoids from the leaves of Euphorbia neriifolia.
Nat Prod Commun. 2012;7(11):1415-7.

8. Masters PS. The molecular biology of coronaviruses.
Adv Virus Res. 2006;66:193-292. doi:10.1016/S0065-
3527(06)66005-3

9. Badawi A, Ryoo SG. Prevalence of comorbidities in
the Middle East respiratory syndrome coronavirus
(MERS-CoV): a systematic review and meta-analysis.
Int J Infect Dis. 2016;49:129-33. doi:10.1016/j.
ijid.2016.06.015

10. Vijayanand P, Wilkins E, Woodhead M. Severe
acute respiratory syndrome (SARS): a review.
Clin Med (Lond). 2004;4(2):152-60. doi: 10.7861/
clinmedicine.4-2-152

11. Wang LF, Shi Z, Zhang S, Field H, Daszak P, Eaton
BT. Review of bats and SARS. Emerg Infect Dis.
2006;12(12):1834-40. d0i:10.3201/eid1212.060401

12. Kam KQ, Yung CE Cui L, Tzer Pin Lin R, Mak TM,
Maiwald M, et al. A Well Infant With Coronavirus
Disease 2019 With High Viral Load. Clin Infect Dis.
2020;71(15):847-849. d0i:10.1093/cid/ciaa201

13. Chen H, Guo J, Wang C, Luo E Yu X, Zhang W, et
al. Clinical characteristics and intrauterine vertical
transmission potential of COVID-19 infection in nine
pregnant women: a retrospective review of medical
records. Lancet. 2020;395(10226):809-15. doi:10.1016/

Pharmaceutical Sciences, 2020, 26(Suppl 1), S12-S23 | S20


https://doi.org/10.2174/1568026620999200305144319
https://doi.org/10.2174/1568026620999200305144319
https://doi.org/10.1038/s41586-020-2008-3
https://doi.org/10.1093/jtm/taaa011
https://doi.org/10.1126/science.367.6475.234
https://doi.org/10.1016/S0065-3527(06)66005-3
https://doi.org/10.1016/S0065-3527(06)66005-3
https://doi.org/10.1016/j.ijid.2016.06.015
https://doi.org/10.1016/j.ijid.2016.06.015
https://doi.org/10.7861/clinmedicine.4-2-152
https://doi.org/10.7861/clinmedicine.4-2-152
https://doi.org/10.3201/eid1212.060401
https://doi.org/10.1093/cid/ciaa201
https://doi.org/10.1016/S0140-6736(20)30360-3

Tungadi et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

S0140-6736(20)30360-3

Chan JFW, Yuan S, Kok KH, To KKW, Chu H, Yang
J, et al. A familial cluster of pneumonia associated
with the 2019 novel coronavirus indicating person-
to-person transmission: a study of a family cluster.
Lancet. 2020 ;395(10223):514-23. doi:10.1016/s0140-
6736(20)30154-9

Pan X, Chen D, Xia Y, Wu X, Li T, Ou X, et al.
Asymptomatic cases in a family cluster with SARS-
CoV-2 infection. Lancet Infect Dis. 2020;20(4):410-
11. doi:10.1016/S1473-3099(20)30114-6

Goldsmith CS, Tatti KM, Ksiazek TG, Rollin PE, Comer
JA, Lee WW, et al. Ultrastructural characterization of
SARS coronavirus. Emerg Infect Dis. 2004;10(2):320-
6. doi:10.3201/eid1002.030913

Guan WJ, Ni ZY, Hu Y, Liang WH, OU CQ, He J, et
al. Clinical Characteristics of Coronavirus Disease
2019 in China. N Engl ] Med. 2020;382:1708-20.
doi:10.1056/NEJMo0a2002032

Wu J, Liu ], Zhao X, Liu C, Wang W, Wang D, et
al. Clinical Characteristics of Imported Cases of
Coronavirus Disease 2019 (COVID-19) in Jiangsu
Province: A Multicenter Descriptive Study. Clin Infect
Dis. 2020;71(15):706-12. d0i:10.1093/cid/ciaal 99
Jiang X, Rayner S, Luo MH. Does SARS-CoV-2 has
a longer incubation period than SARS and MERS? ]
Med Virol. 2020;92(5):476-8. d0i:10.1002/jmv.25708
Ribeiro LZ, Tripp RA, Rossi LM, Palma PV, Yokosawa
J, Mantese OC, et al. Serum mannose-binding lectin
levels are linked with respiratory syncytial virus
(RSV) disease. J Clin Immunol. 2008;28(2):166-73.
doi:10.1007/s10875-007-9141-8

Falzarano D, de Wit E, Rasmussen AL, Feldmann
E Okumura A, Scott DP, et al. Treatment with
interferon-a2b and ribavirin improves outcome in
MERS-CoV-infected rhesus macaques. Nat Med.
2013;19(10):1313-7. d0i:10.1038/nm.3362

Lu D. Inside Wuhans lockdown. New Scientist.
2020;245(3268):7. doi:10.1016/S0262-4079(20)30234-
7

Chen P. Study on the virus transmission based on data
analysis of confirmed cases of 2019-nCoV coronavirus
in China (II). 2020. d0i:10.31219/0sf.io/uaq69

Leung CC, Lam TH, Cheng KK. Mass masking in
the. COVID-19 epidemic: people need guidance.
Lancet. 2020;395(10228):945. doi:10.1016/S0140-
6736(20)30520-1

Zhang S, Diao MY, Duan L, Lin Z, Chen D. The novel
coronavirus (SARS-CoV-2) infections in China:
prevention, control and challenges. Intensive Care
Med. 2020;46:591-3. doi:10.1007/s00134-020-05977-
9

Plourde AR, Bloch EM. A literature review of Zika
virus. Emerg Infect Dis. 2016;22(7):1185-92.

Gostin L, Phelan A, Coutinho AG, Eccleston-Turner
M, Erondu N, Filani O, et al. Ebola in the Democratic
Republic of the Congo: time to sound a global alert?

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Lancet. 2019;393(10172):617-20. doi:10.1016/S0140-
6736(19)30243-0

Simmons G, Zmora P, Gierer S, Heurich A, P6hlmann
S. Proteolytic activation of the SARS-coronavirus
spike protein: cutting enzymes at the cutting edge of
antiviral research. Antiviral Res. 2013;100(3):605-14.
doi:10.1016/j.antiviral.2013.09.028

Fehr AR, Perlman S. Coronaviruses: an overview of
their replication and pathogenesis. Methods Mol Biol.
2015;1282:1-23. d0i:10.1007/978-1-4939-2438-7_1
Fehr AR, Perlman S. Coronaviruses:’'An Overview
of Their Replication and Pathogenesis. In: Maier H,
Bickerton E, Britton P. (eds) Coronaviruses. Methods
in Molecular Biology, vol 1282{ New York, NY:
Humana Press;2015. doi:10.1007/978-1-4939-2438-
7_1

Lai MM, Cavanagh D. The molecular biology of
coronaviruses. Adv . Virus . Res. 1997;48:1-100.
do0i:10.1016/S0065-3527(08)60286-9

Ai T, Yang Z, Hou H, Zhan C, Chen C, Lv W, et al.
Correlation of Chest CT and RT-PCR Testing for
Coronavirus Disease 2019 (COVID-19) in China: A
Report of 1014 Cases. Radiology. 2020;296(2):E32-40.
doi:10.1148/radiol.2020200642

Li M, Jin R, Peng Y, Wang C, Ren W, Lv F, et al.
Generation of antibodies against COVID-19 virus
for development of diagnostic tools. medRxiv; 2020.
doi:10.1101/2020.02.20.20025999

Fang Y, Zhang H, Xie ], Lin M, Ying L, Pang P, et al.
Sensitivity of Chest CT for COVID-19: Comparison
to RT-PCR. Radiology. 2020;296(2):E115-117.
doi:10.1148/radiol.2020200432

Li X, Zeng X, Liu B, Yu Y. COVID-19 Infection
Presenting with CT Halo Sign. Radiol Cardiothorac
Imaging. 2020;2(1):200026. doi:10.1148/ryct.2020
200026

Zu ZY, Jiang MD, Xu PP, Chen W, Ni QQ, Lu GM, et al.
Coronavirus Disease 2019 (COVID-19): A Perspective
from China. Radiology. 2020;296(2):E15-E25.
doi:10.1148/radiol.2020200490

Liu T, Huang P, Liu H, Huang L, Lei M, Xu W, et al.
Spectrum of chest CT findings in a familial cluster of
COVID-19 infection. Radiol Cardiothorac Imaging.
2020;2(1),e200025. doi:10.1148/ryct.2020200025

Wu Y, Xie Y, Wang X. Longitudinal CT findings in
COVID-19 pneumonia: Case presenting organizing
pneumonia pattern. Radiol Cardiothorac Imaging.
2020; 2(1):€200031. doi:10.1148/ryct.2020200031
Kong W, Agarwal PP. Chest Imaging Appearance of
COVID-19 Infection. Radiol Cardiothorac Imaging.
2020;2(1):200028. doi:10.1148/ryct.2020200028
Wrapp D, Wang N, Corbett KS, Goldsmith JA, Hsieh
CL, Abiona O, et al. Cryo-EM structure of the 2019-
nCoV spike in the prefusion conformation. Science.
2020;367(6483):1260-1263.d0oi:10.1126/science.abb25
07

Letko M, Marzi A, Munster V. Functional assessment

$21 | Pharmaceutical Sciences, 2020, 26(Suppl 1), S12-S23


https://doi.org/10.1016/S0140-6736(20)30360-3
https://doi.org/10.1016/s0140-6736(20)30154-9
https://doi.org/10.1016/s0140-6736(20)30154-9
https://doi.org/10.1016/S1473-3099(20)30114-6
https://doi.org/10.3201/eid1002.030913
https://doi.org/10.1056/NEJMoa2002032
https://doi.org/10.1093/cid/ciaa199
https://doi.org/10.1093/cid/ciaa199
https://doi.org/10.1007/s10875-007-9141-8
https://doi.org/10.1038/nm.3362
https://doi.org/10.1016/S0262-4079(20)30234-7
https://doi.org/10.1016/S0262-4079(20)30234-7
https://doi.org/10.31219/osf.io/uaq69
https://doi.org/10.1016/S0140-6736(20)30520-1
https://doi.org/10.1016/S0140-6736(20)30520-1
https://doi.org/10.1007/s00134-020-05977-9
https://doi.org/10.1007/s00134-020-05977-9
https://doi.org/10.1016/S0140-6736(19)30243-0
https://doi.org/10.1016/S0140-6736(19)30243-0
https://doi.org/10.1016/j.antiviral.2013.09.028
https://doi.org/10.1007/978-1-4939-2438-7_1
https://doi.org/10.1007/978-1-4939-2438-7_1
https://doi.org/10.1007/978-1-4939-2438-7_1
https://doi.org/10.1016/S0065-3527(08)60286-9
https://doi.org/10.1148/radiol.2020200642
https://doi.org/10.1101/2020.02.20.20025999
https://doi.org/10.1148/radiol.2020200432
https://doi.org/10.1148/ryct.2020200026
https://doi.org/10.1148/ryct.2020200026
https://doi.org/10.1148/radiol.2020200490
https://doi.org/10.1148/ryct.2020200025
https://doi.org/10.1148/ryct.2020200031
https://doi.org/10.1148/ryct.2020200028
https://doi.org/10.1126/science.abb2507
https://doi.org/10.1126/science.abb2507

COVID-19: Herbal and Modern Drugs in Indonesia

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

of cell entry and receptor usage for SARS-CoV-2 and
other lineage B betacoronaviruses. Nat Microbiol.
2020;5(4):562-569. d0i:10.1038/541564-020-0688-y
Yan R, Zhang Y, Li Y, Xia L, Guo Y, Zhou Q. Structural
basis for the recognition of SARS-CoV-2 by full-
length human ACE2. Science. 2020;367(6485):1444-8.
doi:10.1126/science.abb2762

Tortorici MA, Walls AC, Lang Y, Wang C, Li
Z, Koerhuis D, et al. Structural basis for human
coronavirus attachment to sialic acid receptors. Nat
Struct Mol Biol. 2019;26(6):481-9. doi:10.1038/
$41594-019-0233-y

Yuan Y, Cao D, Zhang Y, Ma ], QiJ, Wang Q, etal. Cryo-
EM structures of MERS-CoV and SARS-CoV spike
glycoproteins reveal the dynamic receptor binding
domains. Nat Commun. 2017;8:15092. doi:10.1038/
ncomms15092

Singh ], Chhikara BS. Comparative global
epidemiology of HIV infections and status of current
progress in treatment. Chem Biol Lett. 2014;1(1):14-
32.

Chang YC, Tung YA, Lee KH, Chen TF, Hsiao YC,
Chang HC, et al. Potential Therapeutic Agents for
COVID-19 Based on the Analysis of Protease and RNA
Polymerase Docking. Preprints. 2020, 2020020242.
doi:10.20944/preprints202002.0242.v1

Li G, De Clercq E. Therapeutic options for the 2019
novel coronavirus (2019-nCoV). Nat Rev Drug
Discov. 2020;19(3):149-150. doi:10.1038/d41573-020-
00016-0

Wang M, Cao R, Zhang L, Yang X, Liu ], Xu M, et al.
Remdesivir and chloroquine effectively inhibit the
recently emerged novel coronavirus (2019-nCoV)
in vitro. Cell Res. 2020;30(3):269-71. doi:10.1038/
$41422-020-0282-0

Dong L, Hu S, Gao J. Discovering drugs to treat
coronavirus disease 2019 (COVID-19). Drug Discov
Ther. 2020;14(1):58-60. doi:10.5582/ddt.2020.01012
Yao TT, Qian JD, Zhu WY, Wang Y, Wang GQ. A
systematic review of lopinavir therapy for SARS
coronavirus and. MERS - coronavirus-A possible
reference for coronavirus disease-19 treatment option.
J Med Virol. 2020;92(6):556-63. doi:10.1002/jmv.25729
Lim J, Jeon S, Shin HY, Kim M], Seong YM, Lee
W], et al. Case of the Index Patient Who Caused
Tertiary Transmission of COVID-19 Infection in
Korea: the Application of Lopinavir/Ritonavir for
the Treatment of COVID-19 Infected Pneumonia
Monitored by Quantitative RT-PCR. ] Korean Med
Sci. 2020;35(6):79. doi:10.3346/jkms.2020.35.e79
Behera DK, Behera PM, Acharya L, Dixit A.
Development and validation of pharmacophore and
QSAR models for influenza PB2 inhibitors. Chem Biol
Lett. 2017;4(1):1-8.

Sharma D, Pathak M, Sharma R, et al. Homology
modeling and docking studies of VP24 protein of
Ebola virus with an antiviral drug and its derivatives.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Chem Biol Lett. 2017;4(1):27-32.

BinduPJ,Naik T.R.R, Mahadevan K.M, Krishnamurthy
G. Synthesis, DNA photo-cleavage, molecular
docking and anticancer studies of 2-methyl-1,2,3,4-
tetrahydroquinolines. Chem Biol Lett. 2019;6(1):8-13.
Slater A, Cerami A. Inhibition by chloroquine
of a novel haem polymerase enzyme activity in
malaria  trophozoites. ~Nature. 1992;355:167-9.
doi:10.1038/355167a0

Al-Bari MAA. Targeting endosomal acidification by
chloroquine analogs as a promising strategy for the
treatment of emerging viral diseases. Pharmacol Res
Perspect. 2017;5(1):00293. doi:10.1002/prp2.293
Gao J, Tian Z, Yang X. Breakthrough: Chloroquine
phosphate has shown apparent efficacy in treatment
of COVID-19 associated ~-pneumonia in clinical
studies. Biosci Trends. 2020;14(1):72-3. doi:10.5582/
bst.2020.01047

Hui L, Yeming W, Jiuyang X, Bin C. 2019 New
Coronavirus antiviral therapy has a potential drug
duration. Chinese ] Tuberculosis Respir Med.
2020;43(3):170-2. Chinese

Morse JS, Lalonder T, Xu S, Liu WR. Learning
from the Past: Possible Urgent Prevention and
Treatment Options for Severe Acute Respiratory
Infections Caused by 2019-nCoV. Chembiochem.
2020;21(5):730-8. doi:10.1002/cbic.202000047
Gautret P, Lagier JC, Parola P, Hoang VT, Meddeb
L, Maijlhe M, et al. Hydroxychloroquine and
azithromycin as a treatment of COVID-19: results
of an open-label non-randomized clinical trial. Int J
Antimicrob Agents. 2020;56(1):105949. doi:10.1016/].
ijjantimicag.2020.105949

Agarwal HK, Chhikara BS, Doncel GF, Parang K.
Synthesis and anti-HIV activities of unsymmetrical
long chain dicarboxylate esters of dinucleoside
reverse transcriptase inhibitors. Bioorg Med
Chem Lett. 2017;27(9):1934-1937. doi:10.1016/].
bmcl.2017.03.031

Agarwal HK, Chhikara BS, Quiterio M, Doncel
GEF, Parang K. Synthesis and anti-HIV activities
of glutamate and peptide conjugates of nucleoside
reverse transcriptase inhibitors. ] Med Chem.
2012;55(6):2672-87. d0i:10.1021/jm201551m
Agarwal HK, Buckheit KW, Buckheit RW, Parang
K. Synthesis and anti-HIV activities of symmetrical
dicarboxylate esters of dinucleoside reverse
transcriptase inhibitors. Bioorg Med Chem Lett.
2012;22(17):5451-4. doi:10.1016/j.bmcl.2012.07.037
Chhikara BS. Prospects of Applied Nanomedicine. |
Mater Nanosci. 2016;3(1):20-1.

Chhikara BS. Current trends in nanomedicine
and nanobiotechnology research. ] Mater Nanosci.
2017;4(1):19-24.

Chhikara BS, Varma RS. Nanochemistry and
Nanocatalysis Science: Research advances and future
perspective. ] Mater Nanosci. 2019;6(1):1-6.

Pharmaceutical Sciences, 2020, 26(Suppl 1), S12-S23 | S22


https://doi.org/10.1038/s41564-020-0688-y
https://doi.org/10.1126/science.abb2762
https://doi.org/10.1038/s41594-019-0233-y
https://doi.org/10.1038/s41594-019-0233-y
https://doi.org/10.1038/ncomms15092
https://doi.org/10.1038/ncomms15092
https://doi.org/10.20944/preprints202002.0242.v1
https://doi.org/10.1038/d41573-020-00016-0
https://doi.org/10.1038/d41573-020-00016-0
https://doi.org/10.1038/s41422-020-0282-0
https://doi.org/10.1038/s41422-020-0282-0
https://doi.org/10.5582/ddt.2020.01012
https://doi.org/10.1002/jmv.25729
https://doi.org/10.3346/jkms.2020.35.e79
https://doi.org/10.1038/355167a0
https://doi.org/10.1002/prp2.293
https://doi.org/10.5582/bst.2020.01047
https://doi.org/10.5582/bst.2020.01047
https://doi.org/10.1002/cbic.202000047
https://doi.org/10.1016/j.ijantimicag.2020.105949
https://doi.org/10.1016/j.ijantimicag.2020.105949
https://doi.org/10.1016/j.bmcl.2017.03.031
https://doi.org/10.1016/j.bmcl.2017.03.031
https://doi.org/10.1021/jm201551m
https://doi.org/10.1016/j.bmcl.2012.07.037

Tungadi et al.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Hu TY, Frieman M, Wolfram ]. Insights from
nanomedicine into chloroquine efficacy against
COVID-19. Nat Nanotechnol. 2020 r;15(4):247-9.
doi:10.1038/s41565-020-0674-9

Tian X, Li C, Huang A, Xia S, Lu S, Shi Z, et al. Potent
binding of 2019 novel coronavirus spike protein by
a SARS coronavirus-specific human monoclonal
antibody. Emerg Microbes Infect. 2020;9(1):382-5. do
i:10.1080/22221751.2020.1729069

Prompetchara E, Ketloy C, Palaga T. Immune responses
in COVID-19 and potential vaccines: Lessons learned
from SARS and MERS epidemic. Asian Pac J Allergy
Immunol. 2020;38(1):1-9. doi:10.12932/AP-200220-
0772

Ahmed SE, Quadeer AA, McKay MR. Preliminary
Identification of Potential Vaccine Targets for the
COVID-19 Coronavirus (SARS-CoV-2) Based
on SARS-CoV Immunological Studies. Viruses.
2020;12(3):254. d0i:10.3390/v12030254

Groneberg DA, Poutanen SM, Low DE, Lode H,
Welte T, Zabel P. Treatment and vaccines for severe
acute respiratory syndrome. Lancet Infect Dis.
2005;5(3):147-55. doi:10.1016/S1473-3099(05)01307-
1

Haagmans BL, Osterhaus AD. Coronaviruses and
their therapy. Antiviral Res. 2006;71(2-3):397-403.
doi: 10.1016/j.antiviral.2006.05.019

Stockman L], Bellamy R, Garner P. SARS: systematic
review of treatment effects. PLoS Med. 2006;3(9):e343.
doi: 10.1371/journal.pmed.0030343

Cinatl ], Michaelis M, Hoever G, Preiser W, Doerr
HW. Development of antiviral therapy for severe acute
respiratory syndrome. Antiviral Res. 2005;66(2-3):81-
97. d0i:10.1016/j.antiviral.2005.03.002

Yanuar A, Mun'im A, Bertha A, Lagho A, Syahdi R.R,
Rahmat M, et al. Medicinal Plants Database and Three
Dimensional Structure of the Chemical Compounds
from Medicinal Plants in Indonesia. Int ] Comput Sci.
2011;8(5):180-3.

Musa KA, Abdullah A, Subramaniam V. Flavonoid
profile and antioxidant activity of pink guava.
ScienceAsia. 2015;41(3):149-54. doi:10.2306/
scienceasial 513-1874.2015.41.149

Trujillo-Correa Al, Quintero-Gil DC, Diaz-Castillo
F Quiniones W, Robledo SM, Martinez-Gutierrez
M. In vitro and in silico anti-dengue activity of
compounds obtained from Psidium guajava through
bioprospecting. BMC Complement Altern Med.
2019;19(1):298. d0i:10.1186/512906-019-2695-1

Peng M, Watanabe S, Chan KWK, He Q, Zhao Y, Zhang
Z, et al. Luteolin restricts dengue virus replication
through inhibition of the proprotein convertase
furin. Antiviral Res. 2017;143:176-85. doi:10.1016/j.
antiviral.2017.03.026

Kleine-Weber H, Elzayat MT, Hoffmann M,
Pohlmann S. Functional analysis of potential cleavage
sites in the MERS-coronavirus spike protein. Sci Rep.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

2018;8(1):16597. doi:10.1038/s41598-018-34859-w
Wu G, Liu Y, Yang Y, Zhang P, Zhong W, Wang Y, et
al. Analysis of therapeutic targets for SARS-CoV-2
and discovery of potential drugs by computational
methods. Acta Pharm Sin B. 2020;10(5):766-788. doi:
10.1016/j.apsb.2020.02.008

Lin CW, Tsai FJ, Tsai CH, Lai CC, Wan L, Ho TY, et
al. Anti-SARS coronavirus 3C-like protease effects
of Isatis indigotica root and plant-derived phenolic
compounds. Antiviral Res. 2005;68(1):36-42. doi:
10.1016/j.antiviral.2005.07.002

Nguyen T'T, Woo HJ, Kang HK, Nguyen VD, Kim YM,
Kim DW, Ahn SA, Xia Y, Kim D. Flavonoid-mediated
inhibition of SARS coronavirus: 3C-like protease
expressed in Pichia pastoris. Biotechnol Lett. 2012
May;34(5):831-8. doi:10.1007/s10529-011-0845-8

Yu MS, Lee J, Lee JM, Kim Y, Chin YW, Jee JG, et al.
Identification of myricetin and scutellarein as novel
chemical inhibitors of the SARS coronavirus helicase,
nsP13. Bioorg Med Chem Lett. 2012;22(12):4049-54.
doi:10.1016/j.bmel.2012.04.081

Park JY, Yuk HJ, Ryu HW, Lim SH, Kim K§, Park KH,
et al. Evaluation of polyphenols from Broussonetia
papyrifera. as coronavirus protease inhibitors. ]
Enzyme Inhib Med Chem. 2017;32(1):504-515. doi:1
0:1080/14756366.2016.1265519

Tungadi R, Abdulkadir W, Ischak NI, Rahim
BR. . Liposomal formulation of snakehead fish
(Ophiocephalus  striatus) powder and toxicity
study in zebrafish (Danio rerio) model. Pharm Sci.
2019;25(2):145-53. doi:10.15171/PS.2019.22
TungadiR. Potential of Snakehead Fish (Ophiocephalus
striatus) in Accelerating Wound Healing. Universal
Journal of Pharmaceutical Research. 2019;4(5):40-4.
do0i:10.22270/ujpr.v4i5.316

Tungadi R, Imran AK. Formulation development and
characterization of snakehead fish powder in oral
double emulsion. International Journal of Applied
Pharmaceutics. 2018;10(2):70-5. doi:10.22159/
ijap.2018v10i2.24175

Erlina L, Paramita RI, Kusuma WA, Fadilah F, Tedjo
A, Pratomo IP, et al. Virtual Screening on Indonesian
Herbal Compoundsas COVID-19 Supportive Therapy:
Machine Learning and Pharmacophore Modeling
Approaches. Research Square; 2020. doi:10.21203/
rs.3.rs-29119/v1

Mounce BC, Cesaro T, Carrau L, Vallet T, Vignuzzi
M. Curcumin inhibits Zika and chikungunya virus
infection by inhibiting cell binding. Antiviral Res.
2017;142:148-57. doi:10.1016/j.antiviral. 2017.03.014
Fazal Y, Fatima SN, Shahid SM, Mahboob T. Effects
of curcumin on angiotensin-converting enzyme gene
expression, oxidative stress and anti-oxidant status
in thioacetamide-induced hepatotoxicity. J Renin
Angiotensin Aldosterone Syst. 2015;16(4):1046-51
doi:10.1177/1470320314545777

$23 | Pharmaceutical Sciences, 2020, 26(Suppl 1), S12-S23


https://doi.org/10.1038/s41565-020-0674-9
https://doi.org/10.1080/22221751.2020.1729069
https://doi.org/10.12932/AP-200220-0772
https://doi.org/10.12932/AP-200220-0772
https://doi.org/10.3390/v12030254
https://doi.org/10.1016/S1473-3099(05)01307-1
https://doi.org/10.1016/S1473-3099(05)01307-1
https://doi.org/10.1016/j.antiviral.2006.05.019
https://doi.org/10.1371/journal.pmed.0030343
https://doi.org/10.1016/j.antiviral.2005.03.002
https://doi.org/10.2306/scienceasia1513-1874.2015.41.149
https://doi.org/10.2306/scienceasia1513-1874.2015.41.149
https://doi.org/10.1186/s12906-019-2695-1
https://doi.org/10.1016/j.antiviral.2017.03.026
https://doi.org/10.1016/j.antiviral.2017.03.026
https://doi.org/10.1038/s41598-018-34859-w
https://doi.org/10.1016/j.apsb.2020.02.008
https://doi.org/10.1016/j.antiviral.2005.07.002
https://doi.org/10.1007/s10529-011-0845-8
https://doi.org/10.1016/j.bmcl.2012.04.081
https://doi.org/10.1080/14756366.2016.1265519
https://doi.org/10.1080/14756366.2016.1265519
https://doi.org/10.15171/PS.2019.22
https://doi.org/10.22270/ujpr.v4i5.316
https://doi.org/10.22159/ijap.2018v10i2.24175
https://doi.org/10.22159/ijap.2018v10i2.24175
https://doi.org/10.21203/rs.3.rs-29119/v1
https://doi.org/10.21203/rs.3.rs-29119/v1
https://doi.org/10.1016/j.antiviral.2017.03.014
https://doi.org/10.1177/1470320314545777

ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/346655741

COVID-19: Clinical Characteristics and Molecular Levels of Candidate
Compounds of Prospective Herbal and Modern Drugs in Indonesia

Article in Pharmaceutical Sciences - December 2020

DOI: 10.34172/PS.2020.50

CITATIONS READS
0 54

7 authors, including:

Robert Tungadi Ani Mustapa Hasan
% Universitas Negeri Gorontalo Universitas Negeri Gorontalo
33 PUBLICATIONS 29 CITATIONS 10 PUBLICATIONS 59 CITATIONS

SEE PROFILE SEE PROFILE

Zulfiayu Sapiun
Politeknik Gorontalo
8 PUBLICATIONS 4 CITATIONS

SEE PROFILE

Some of the authors of this publication are also working on these related projects:

poject  Corn Milk View project

roect | am working on nano medicine projects of snakehead fish View project

All content following this page was uploaded by Robert Tungadi on 06 December 2020.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/346655741_COVID-19_Clinical_Characteristics_and_Molecular_Levels_of_Candidate_Compounds_of_Prospective_Herbal_and_Modern_Drugs_in_Indonesia?enrichId=rgreq-989d3ac5f7854b2965b71f7dcfc52231-XXX&enrichSource=Y292ZXJQYWdlOzM0NjY1NTc0MTtBUzo5NjU2NDg3NTA0ODk2MDBAMTYwNzI0MDAxMTgwMg%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/346655741_COVID-19_Clinical_Characteristics_and_Molecular_Levels_of_Candidate_Compounds_of_Prospective_Herbal_and_Modern_Drugs_in_Indonesia?enrichId=rgreq-989d3ac5f7854b2965b71f7dcfc52231-XXX&enrichSource=Y292ZXJQYWdlOzM0NjY1NTc0MTtBUzo5NjU2NDg3NTA0ODk2MDBAMTYwNzI0MDAxMTgwMg%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Corn-Milk?enrichId=rgreq-989d3ac5f7854b2965b71f7dcfc52231-XXX&enrichSource=Y292ZXJQYWdlOzM0NjY1NTc0MTtBUzo5NjU2NDg3NTA0ODk2MDBAMTYwNzI0MDAxMTgwMg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/I-am-working-on-nano-medicine-projects-of-snakehead-fish?enrichId=rgreq-989d3ac5f7854b2965b71f7dcfc52231-XXX&enrichSource=Y292ZXJQYWdlOzM0NjY1NTc0MTtBUzo5NjU2NDg3NTA0ODk2MDBAMTYwNzI0MDAxMTgwMg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-989d3ac5f7854b2965b71f7dcfc52231-XXX&enrichSource=Y292ZXJQYWdlOzM0NjY1NTc0MTtBUzo5NjU2NDg3NTA0ODk2MDBAMTYwNzI0MDAxMTgwMg%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Robert-Tungadi?enrichId=rgreq-989d3ac5f7854b2965b71f7dcfc52231-XXX&enrichSource=Y292ZXJQYWdlOzM0NjY1NTc0MTtBUzo5NjU2NDg3NTA0ODk2MDBAMTYwNzI0MDAxMTgwMg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Robert-Tungadi?enrichId=rgreq-989d3ac5f7854b2965b71f7dcfc52231-XXX&enrichSource=Y292ZXJQYWdlOzM0NjY1NTc0MTtBUzo5NjU2NDg3NTA0ODk2MDBAMTYwNzI0MDAxMTgwMg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universitas-Negeri-Gorontalo?enrichId=rgreq-989d3ac5f7854b2965b71f7dcfc52231-XXX&enrichSource=Y292ZXJQYWdlOzM0NjY1NTc0MTtBUzo5NjU2NDg3NTA0ODk2MDBAMTYwNzI0MDAxMTgwMg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Robert-Tungadi?enrichId=rgreq-989d3ac5f7854b2965b71f7dcfc52231-XXX&enrichSource=Y292ZXJQYWdlOzM0NjY1NTc0MTtBUzo5NjU2NDg3NTA0ODk2MDBAMTYwNzI0MDAxMTgwMg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ani-Mustapa-Hasan-2?enrichId=rgreq-989d3ac5f7854b2965b71f7dcfc52231-XXX&enrichSource=Y292ZXJQYWdlOzM0NjY1NTc0MTtBUzo5NjU2NDg3NTA0ODk2MDBAMTYwNzI0MDAxMTgwMg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ani-Mustapa-Hasan-2?enrichId=rgreq-989d3ac5f7854b2965b71f7dcfc52231-XXX&enrichSource=Y292ZXJQYWdlOzM0NjY1NTc0MTtBUzo5NjU2NDg3NTA0ODk2MDBAMTYwNzI0MDAxMTgwMg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universitas-Negeri-Gorontalo?enrichId=rgreq-989d3ac5f7854b2965b71f7dcfc52231-XXX&enrichSource=Y292ZXJQYWdlOzM0NjY1NTc0MTtBUzo5NjU2NDg3NTA0ODk2MDBAMTYwNzI0MDAxMTgwMg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ani-Mustapa-Hasan-2?enrichId=rgreq-989d3ac5f7854b2965b71f7dcfc52231-XXX&enrichSource=Y292ZXJQYWdlOzM0NjY1NTc0MTtBUzo5NjU2NDg3NTA0ODk2MDBAMTYwNzI0MDAxMTgwMg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Zulfiayu-Sapiun?enrichId=rgreq-989d3ac5f7854b2965b71f7dcfc52231-XXX&enrichSource=Y292ZXJQYWdlOzM0NjY1NTc0MTtBUzo5NjU2NDg3NTA0ODk2MDBAMTYwNzI0MDAxMTgwMg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Zulfiayu-Sapiun?enrichId=rgreq-989d3ac5f7854b2965b71f7dcfc52231-XXX&enrichSource=Y292ZXJQYWdlOzM0NjY1NTc0MTtBUzo5NjU2NDg3NTA0ODk2MDBAMTYwNzI0MDAxMTgwMg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Politeknik_Gorontalo?enrichId=rgreq-989d3ac5f7854b2965b71f7dcfc52231-XXX&enrichSource=Y292ZXJQYWdlOzM0NjY1NTc0MTtBUzo5NjU2NDg3NTA0ODk2MDBAMTYwNzI0MDAxMTgwMg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Zulfiayu-Sapiun?enrichId=rgreq-989d3ac5f7854b2965b71f7dcfc52231-XXX&enrichSource=Y292ZXJQYWdlOzM0NjY1NTc0MTtBUzo5NjU2NDg3NTA0ODk2MDBAMTYwNzI0MDAxMTgwMg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Robert-Tungadi?enrichId=rgreq-989d3ac5f7854b2965b71f7dcfc52231-XXX&enrichSource=Y292ZXJQYWdlOzM0NjY1NTc0MTtBUzo5NjU2NDg3NTA0ODk2MDBAMTYwNzI0MDAxMTgwMg%3D%3D&el=1_x_10&_esc=publicationCoverPdf

—

Pharmaceutical Sciences, 2020, 26(Suppl 1), S12-S23
doi:10.34172/PS.2020.50

B

TUOMS
https://ps.tbzmed.ac.ir/ PRESS
Review Article @ CrossMark

COVID-19: Clinical Characteristics and Molecular Levels of Candidate
Compounds of Prospective Herbal and Modern Drugs in Indonesia

Robert Tungadi®®, Teti Sutriyati Tuloli', Abdulkadir!, Nurain Thomas', Madanial,

Ani Mustapa Hasan?, Zulfiayu Sapiun®
'Department of Pharmacy, Faculty of Sport and Health, State University of Gorontalo, Gorontalo, Indonesia.

Widysusanti

Department of Biology, Faculty of Mathematics and Natural Sciences, State University of Gorontalo, Gorontalo, Indonesia
*Department of Pharmacy, Health Polytechnic of Gorontalo, Gorontalo, Indonesia

Abstract
A recent outbreak of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) disease also
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called Coronavirus disease 2019 (COVID-19) in China, has rapidly spread to other countries of
the world. The medical and scientific communities are working tirelessly to produce a vaccine due
to the lethal nature of this virus. COVID-19 is a novel virus that requires immediate emergency
therapy, thereby leading to massive fear of infection, social problems in the community, and an

Keywords: increase in the number of infected people. Therefore, scientists and researchers need to determine

ig}gﬁllg the epidemiological cases of the virus, such as its mode of transmission, effective preventive

Tltaeian measures, and the nature of the life cycle. In addition, there need to be current literature advances

-Herbal in diagnostic development such as reverse transcription polymerase chain reaction (RT-PCR),

'M"dem.drugs computed tomography san (CT-Scan), Elisa as well as clinical researches on modern and herbal

~Pandemic drugs for the treatment of infected patients. This treatment technique is classified from antiviral
drugs such as entry, replication, nucleosides, nucleotides, and protease inhibitors, along with
the use of heterocyclic drugs, monoclonal antibodies therapy, vaccine development and herbal
formulations that have been pre-clinically tested in vitro and molecular docking. Chemical drug
molecules with prospective applications in the treatment of COVID-19 have been included in
this review.

Introduction

In December 2019, the Chinese city of Wuhan experienced
a rapid spread in an infectious disease, which affected the
respiratory system, thereby leading to a high mortality
rate. This virus, known as Coronavirus disease 2019
(COVID-19), soon spread to other countries and was
declared a pandemic by the World Health Organization
(WHO).! Infected people show symptoms of pneumonia,
which is similar to SARS (Severe Acute Respiratory
Syndrome). This disease is caused by a lethal virus in nature
and is currently the highest leading cause of mortality all
over the world.? The first reported case was in China, and
within a few months, it has spread to almost all countries
and continents in the world.? According to studies, the most
significant numbers of cases of infected people are in South
Korea, Italy, Iran, South Africa, the USA, and Indonesia. In
a recent update by WHO, over 90,000 people all over the
world are infected with approximately 3,000 deaths. China
alone recorded 2,500 deaths by the end of February 2020.?
The WHO declared the virus a pandemic due to its rapid
spread in various countries. It is speculated that this
virus originated from different animals consumed as
food in China. Early transmission studies reported that it

originated from local fish and wild animal markets with
possible transmission from animals to humans and vice
versa. However, this speculation has not been proven. This
disease has led to a very high increase in mortality all over
the world.*

In Indonesia, the virus was not in existence till the end of
April 2020, based on data from the Ministry of Health.
Since its inception, there has been a rapid increase in
the mortality rate due to the high number of infected
people.® Therefore, based on these data, the Indonesian
government quickly responded and took preventive
measures to reduce the spread of this virus. Before now,
no drug or vaccine has been proven to kill or inhibit the
COVID-19 virus. However, WHO announced that over
20 countries and pharmaceutical companies around
the world are developing vaccines and drugs to fight the
virus.® Unfortunately, this development is going to take at
least a year before completion. Meanwhile, several types
of modern and herbal COVID-19 treatments have been
clinically tested, such as Remdesivir and Chloroquine, as
well as curcumin (in vitro study).

The emergence and rapid spread of this virus have hastened
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the development of diagnosis and medicines for the
treatment of this infectious disease. In Indonesia, doctors
have used several existing modern and herbal medicines,
with national and international health institutions, to
understand the mechanism, virulence, and pharmacology
of the virus to develop possible drugs and vaccines. This
review discusses the literature report on progress regarding
diagnostic methods and developmental therapies with the
possible use of candidate compounds of modern and herbal
medicines for COVID-19 infectious diseases in Indonesia.

The Coronaviruses

Coronavirus, a genus of the Coronaviridae family, is a
positive-strand and the most significant viral genome
of all RNA viruses (27-32 kb), causing a wide range of
diseases related to the respiratory system. The symptoms
may vary from the common cold, dry cough to more
severe respiratory diseases.” Furthermore, it consists of 80
to 160 nm particles, 4 or 5 structural spike (S), membrane
(M), hemagglutinin-esterase (HE), nucleocapsid (N),
and small envelope € proteins.® In addition, the virion
structure consists of S glycoprotein, which forms petal-
shaped spikes on the surface with 180 to 200 KDa molecule
that is cotranslationally glycosylated in the endoplasmic
reticulum as shown in Figure 1.* SARS-CoV-2 was an new
strain of the current virus,”"® which was transmitted from
animals to human'!, however, the new coronavirus infects
humans.

Human coronavirus spike protein

Spike (S)

Nucleocapsid (N)

Membrane (M) ———

Envelope (E)

RNA viral genome

PDB ID: 5108

Figure 1. Structure of new coronavirus and protein visualization,
now designated severe acute respiratory syndrome coronavirus-2,
(SARS-CoV-2)

COVID-19 Transmission

COVID-19 spreads rapidly amongst humans with
symptoms and asymptomatic carriers. The virus is easily
spread when the liquid droplet of an infected person
drops on surfaces when the patient coughs or sneezes.
Transmission in certain cases is usually through the
air, by staying close to an infected person.’? Meanwhile,
asymptomatic patients are hidden carriers of the virus
and contribute to a greater transmission of the virus. This
manual transmission also spread, assuming the patient has
symptoms.® In addition, vertical transmission of the virus
from mother to child has not been observed according to
research conducted by Chen H et al. in a small group of

pregnant women. They stated that the virus is vertically
intrauterine and non-transmittable from mothers to
unborn babies. The emergence and the spread of this new
virus is due to the increase in human populations which
causes proximity.'>"

Symptoms and Mortality of COVID-19

Symptoms of COVID-19 are indicated by the occurrence
of respiratory distress similar to acute respiratory distress
syndrome (ARDS), which marked respiratory infections
on COVID-19 patients. These include runny nose, fever,
cough, shortness of breath, sore throat, and mild to
moderate upper respiratory tract illness. In severe cases,
patients experience pneumonia, SARS, kidney failure, and
even death. An infected patient shows full signs of the virus
within two to seven days. However, the median incubation
duration of infection development changed to 4 days with
an interquartile variety of 2 to 7 days in all patients.' This
is known as the incubation period which progresses for
four days with an interquartile range.'

Study conducted by Guan et al. showed the middle-aged
were more prone to infection compared to other categories
of people.”” Approximately 41.9% of the total number of
patients were women, therefore, there are gender differences
in the spread of the virus. The report also stated that the
primary composite endpoint occurred in 6% of patients.
In Wuhan city, there was no gender difference in people
infected with COVID-19 with the highest mortality rates
of 8.4% by 20 March 2020.'"®*"” However, research shows
that the elderly and young children are most at risk from
the infection. This is similar to SARS, though it appears
nCoV-2019 is less lethal compared to SARS and MERS,
this is because approximately 15 to 20% of cases become
severe within a limited timeframe. According to doctors,
the lethal rate is about 1 in 10 which caused by enveloped
virus meaning that it is protected by a glycoprotein shell,
thereby, making it difficult to treat.”*

Preventive Measures

All countries, including Indonesia, need preventive
measures to overcome the spread of COVID-19, which
currently has no known cure and vaccines. Therefore,
handling infected patients has been recommended as one
of the steps to control the rampant spread of the virus
among people. However, it is difficult to force the isolation
of infected patients because this causes many social
problems. Like many reports in the Indonesian media, the
practice of forced confinement of infected people at home
is very difficult for health workers and the police. The
isolation of infected individuals supported the provision
of complete hospital treatment is one of the moral control
methods.?? Therefore, appropriate research studies need to
be conducted to understand the best approach in infection
prevention including assessing the country’s ability to slow
the spread of infected people.”

In Indonesia, the standard procedures recommended for
preventing the spread of infection are more effective in
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controlling the spread and keeping things safe. The most
crucial strategies include washing of hands after visiting
public places and frequent exercises.?** Other practices
involve overlaying mouth and nostrils when coughing
and sneezing to prevent the spread of the virus, assuming
the person is asymptomatic or in preliminary degrees of
contamination.”®? Also, proper cooking of foods such
as meat, eggs, and animals helps to destroy the virus. In
practice, one needs to avoid close contact with anyone
showing symptoms of respiratory illnesses such as cough,
flu, asthma, pneumonia, and tuberculosis. Therefore,
this simple precaution can be effectively carried out in
controlling the spread and containing the virus.

The Life Cycle of SARS-CoV-2 and Infection

Novel Coronavirus 2019 (COVID-19) has a life cycle
mechanism divided into 3 parts, namely entry, replication,
and release, as shown in Figure 2. Firstly, the infection
starts when the viral spike (S) glycoprotein attached to
the complementary host cell receptor. After attachment, a
protease of the host cell cleaves and activates the receptor-
attached spike protein. Depending on the availability of
the host cell protease, cleavage and activation allow cell
entry by endocytosis or direct fusion of the viral envelop
with the host membrane.?®

On entry into the host cell, the virus is uncoated,
and its genome enters the cell cytoplasm.” The
coronavirus RNA genome has a 5-methylated cap and
a 3’-polyadenylated tail, which allows the RNA to
attach to the host cell’s ribosome for translation, and
translates the initial overlapping of the virus genome
and forms a long polyprotein.*® The polyprotein consists
of proteases which cleaves it into multiple nonstructural
proteins.?

Binding and viral entry via
membrane fusion or endocytosis

7* P
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Secondly, coronaviruses replicates and transcripts RNA
from the strand by using the SARS-CoV-2 replication
mechanism, which binds cell surface molecules such as
metalloprotease amino peptidase with hemagglutinin
esterase (HE-protein) and N-acetyl neuraminic acid as
co-receptor. Furthermore, the virus goes into the host
cell by fusion of viral and cell membranes or through
the receptor-mediated endocytosis incorporated via an
endosome, which is subsequently acidified by proton
pumps. Meanwhile, the virus produces direct proteins
and new genomes in the cytoplasm, particularly single
positive-stranded RNA gen. Otherwise, the negative strand
serves as a template used to transcribe smaller subgenomic
positive RNAs used to synthesize all other proteins. After
binding, assembled nucleocapsids with twisted helical
RNA, it enters into the endoplasmic reticulum (ER) lumen
and is encased with the membrane as shown in Figure 2.
Thirdly, the replicated positive-sense of genomic RNA
becomes the genome of the progeny viruses. The
mRNAs are gene transcripts after the initial overlapping
reading frame translated by the host’s ribosomes into
the structural proteins.®> RNA translation occurs inside
the endoplasmic reticulum, which consists of S, E, and
M proteins that move along the secretory pathway into
the Golgi intermediate compartment. Therefore, the M
proteins are required to assemble and bind the virus into
the nucleocapsid.”® Progeny viruses are released from the
host cell by exocytosis through secretory vesicles.”

Diagnosis

The proper diagnosis characteristics used to manage
COVID-19 is the first line of control and a deciding factor
in the initiation of the course of treatment. This is different
from the common cold, which is properly treated with
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Figure 2. The life cycle of coronavirus including the viral spike (S) glycoprotein attach to the complementary host cell receptor via
membrane fusion or endocytosis then release of viral genome, translation of viral polymerase protein, RNA replication, subgenomic
transcription and translation of viral structural proteins. S, E, and M protein combine with nucleocapsid forming mature virion and exocytosis.
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the right drugs. Sometimes the results of preliminary
examinations in infected people do not provide a clear
diagnosis of the infection, therefore, doctors tend to ask the
patient to provide a detailed and accurate diagnosis of their
disease such as cough, flu, fever, and so on. The identifying
and providing effective support, sputum examination, and
other diagnostic tests help to determine the infection early.
Also, the number of days from the infected date is noted
at the laboratory to recommend individual diagnostic tests
as follows:

Reverse transcription-polymerase chain reaction (RT-
PCR)

This is a standard technique for determining the virus by
rRT-PCR from a nasopharyngeal swab. A sputum sample
is used to obtain the required results within hours to 2
days.*> Sample measurements (Swab test) consist of some
steps using RT-PCR, as shown in Figure 3.

Enzyme-linked immunosorbent assay (ELISA)

Antibody assays are used to test infected people using their
blood serum sample, with the results released with few
days.”

Computerized-Tomography (CT-Scan)

The contamination is analyzed from a mixture of side
effects, chance elements, and a chest CT scan demonstrating
highlights of pneumonia.** The fundamental diagnosis
reports from medical clinics in China show that majority
of COVID-19 infected patients were determined using

@ Nasopharyngeal swab <15min

Cotton swab is inserted into nostril
to absorb secretions.

@ Collected specimen 0-72h

Specimen is stored at 2-8°C for up to
72 hours or proceed to RNA extraction.

pneumonia and trademark CT imaging patterns.”
Furthermore, radiological assessments have become
imperative in early determination and appraisal of disease
course.*® CT scan of various COVID-19 contaminated
patients differed in pattern”, and almost 50% of patients
were discovered from pictures. On admission to emergency
clinics, the ground-glass haziness was the most widely
recognized radiologic finding on chest figured tomography
(CT)*"0f56.4% of patients.*® Thelongitudinal CT discovered
infected patients with pneumonia with follow up checks
over the course of treatment. Besides that, it was seen that
numerous patientsdid nothave strange radiologic findings.*

Treatments of COVID-19

The mechanism of viral infection is the entry of the virus
into cells and multiplication using a host cellular method
characterized by damages to the host cell as a key for the
development of new drug compound therapies. Currently,
there is no definitive and recommended therapy for
COVID-19 because it is a new virus, and making a vaccine
required numerous clinical analyses and tests. One of
examples of treatment therapy i.e. convalescent plasma
therapy which is the administration of plasma from a
recovered COVID-19 patient to a Covid-19 patient who is
still suffering from illness, so antibodies (immunity) in the
plasma of the cured patient can help patients who are still
ill to cope with the disease.** However, all antivirals used
in COVID-19 therapy in almost all countries are still in
the form of trial and error. Some countries have referred
to the antiviral therapy used during the occurrence of

RNA extraction ~45min
Purified RNA is extracted from deactivated virus.
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Figure 3. The steps of coronavirus disease 2019 (COVID-19) diagnostic test through reverse transcription polymerase chain reaction
(RT-PCR) by nasophangeal swab using cotton swab, collecting specimen, extracting RNA, operating RT-PCR, and showing positive or

negative results.
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the SARS and MERS epidemic several years ago, such as
lopinavir, ritonavir, ribavirin, oseltamivir, etc. These drugs
have been used and were quite effective in dealing with
SARS and MERS during the epidemic.’ Similarly, there
are no definitive guidelines for dealing with COVID-19 in
Indonesia, as the country also relies on an existing drug
such as oseltamivir. Indonesia has tried reaching out to
China regarding the drugs used to treat their infected
citizens, including the purchase of Chloroquine and
Avigan. Some prospective drugs are considered to direct
current applications or the development of new therapeutic
drugs, including modern and herbal medicines.

Entry inhibitors

The SARS-CoV-2 infects the respiratory system and
alveoli cells in the lung sacs would be the host for viral
infection. In general, viruses enter the host cell by forming
complex projections such as spikes or lobes with receptors.
However, the exact structure or lobe of SARS-CoV-2
is not fully determined,” although prior experience of
coronavirus (B-family), shows it has similarities with
the receptor of host cells of SARS.*' Recently it has been
found that Angiotensin-converting enzyme 2 (ACE2) is
a cellular receptor for SARS coronavirus, (SARS-CoV)
and (SARS-CoV-2).?* ACE2 has some homology with
an angiotensin-converting enzyme (ACE) although it is
not inhibited by ACE inhibitors.> A previous SARS case
was characterized by an infection that was started by the
transmembrane (S) spike in the glycoproteins binding the
host receptor and combines viruses to cell membranes. The
identification of the viral / spikes lobes molecular structure

is time-consuming, while the development of facilitated
heterocyclic drug molecules or existing heterocyclic
screening has the ability to bind the entry inhibitor drug.*

Replication inhibitors

COVID-19 is an RNA virus that utilizes host cells for
genomic replication by encoding the RNA-dependent
RNA polymerase (RdRp), which allows the viral genome
to be transcribed into new RNA copies using the host
cell's machinery. The viral genome replication mechanism
serves potential targets for the control of viral infections,
while antiviral drugs (Figure 4) such as Remdesivir and
Favipiravir (Avigan)* has the ability to potentially affect
SARS-CoV-2 as shown in Figures 4A and B. The nucleotide
adenosine analogue antiviral for Ebola and RNA viruses
have shown some promising results in the clinical control
of this virus.”” However, further evaluation is needed for
potential applications with more patients. The action
mechanism of Remdesivir as antiviral drug as shown in
Figure 5.

Favipiravir is the brand name for Avigan, also known as
T-705, which is an antiviral drug developed by Toyama
Chemical, a Fuyjifilm group, located in Japan with
activity against many RNA viruses. In Japan, this drug
was originally developed to treat influenza, however, in
February 2020, Favipiravir was used in China for trials
of emerging COVID-19 (novel coronavirus) disease. The
action mechanism of favipiravir can inhibit replication
and translation of virus by the RNA-dependent RNA
polymerase (RdRp) of RNA viruses, as shown in Figure 6.
Further studies have shown that favipiravir induces mutant

Figure 4. Chemical structures of Remdesivir (A), Favipiravir (B), Ritonavir (C), Lopinavir (D), Chloroquine (E)
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Figure 6. The action mechanism of Favipiravir as a potential repurposed drug candidate for COVID-19 which can inhibit replication and
translation of virus by the RNA-dependent RNA polymerase (RdRp) of RNA viruses.
of RNA transversion, resulting in a viable viral phenotype.

This product is metabolized by human hypoxanthine-
guanine phosphoribosyltransferase (HGPRT) known as
favipiravir-ribofuranosyl-5-triphosphate (favipiravir-
RTP). During this COVID-19 pandemic, in a limited

Protease inhibitors
clinical trial with 80 subjects, favipiravir showed an  Protease enzymes are involved within the maturation
antiviral potential for SARS-CoV-2 that was better than  stage of virus replication inside the host cell and related
lopinavir/ritonavir.” Many other nucleoside analogues  to protein or peptide translation. Figures 4C and D, shows
including DNA synthesis such as tenofovir, disoproxil,

inhibit the multiplication of SARS-CoV-2 and are being

evaluated through molecular docking studies and testing
in infected cell culture.*®

that Lopinavir and ritonavir are approved anti-HIV drugs,
lamivudine, and other antivirals have the potential to

and a combination of both aids in the inhibition of SARS-
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CoV-2.4% A research carried out by Lim ] et.al.” on the
remedy used to treat persons affected with COVID-19
in Korea indicated that the administration of lopinavir/
ritonavir (Kaletra, AbbVie) extensively reduced the
virus. This means that a detailed analysis is needed for
the recommendation of this drug and the formation of
new drug compounds. Molecular docking of potential
inhibitors provide clear information because detailed
docking simulation results have shown essential input
in previous SARS cases and other viral infections.”
However, a lot of clinical data needs to be conducted to
prove the efficacy and safety of the human body.

Heterocyclic antiviral

Over the decades, many heterocyclic drug molecules have
been used in the treatment of viral infections, and these
drugs are thought to be probably slightly effective in
inhibiting SARS-CoV-2. An example is Chloroquine, which
was originally an antiplasmodium used to treat malaria.
This drug contains a quinoline group as shown in Figure 4E
and inhibits the activity of the enzyme heme polymerase
into hemozoin. This accumulation kills the Plasmodium
parasite responsible for malaria.®* However, with the
decrease in malaria and the emergence of plasmodium
resistance to Chloroquine, this drug is no longer used.
Also, Chloroquine and hydroxychloroquine are used for
antiviral therapy. Gao et al. (2020) stated that Chloroquine
has a strong antiviral effect against the virus in primate cells.
This inhibitory effect is observed when cells are treated with
Chloroquine both before and after exposure, which shows
that it has a preventive and therapeutic effect. In addition,
Chloroquine and hydroxychloroquine are weak bases
that are known to elevate the pH of acidic intracellular

organelles, such as endosomes/lysosomes, essential for
membrane fusion inhibiting SARS-CoV-2 entry through
changing the glycosylation of ACE2 receptor and spike
protein, shown in Figure 7.°° This inhibits the receptor
which prevent infection and spread of the SARS-CoV-2 at
concentrations that cause clinical response. In the SARS-
CoV-2 pandemic in China, Chloroquine was used at a dose
of 500 mg for adult 2 times a day, for 10 days.*® Chloroquine
and hydroxychloroquine are also currently being tried in
Malaysia at the same dosage used in China and Indonesia.
There are several heterocyclic antiviruses previously
used as antivirals such as HIV, HINI1, HINS5, and
SARS, which are further examined for the treatment of
COVID-19. Oseltamivir (Tamiflu) has been widely used as
a neuraminidase inhibitor for the treatment of influenza
was also recommended.” In addition, other candidate
compounds evaluated with antiviral activity against SARS-
CoV-2 are heterocyclic based on ACE2 peptides namely
3C-like protease (3CLpro and 3CLpro-1) inhibitors and
vinysulfone protease inhibitors.*®

Nano Drug Delivery Systems

Drug delivery systems in the form of nanoparticle
preparations have been widely used to improve the
bioavailability in the blood and enhance the transport and
efficacy antiviral drugs especially nucleoside analogues
on conjugation with potential delivery systems that have
been proven in drug-resistant HIV infection.”* The wide
variety of available nano delivery system can be used with
the new developed drug formulation which could be
efficacious in delivering the drugs with faster therapeutic
indices for COVID-19.96
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Biological Therapeutics

Antibody therapy can be used for the treatment of
COVID-19 infections. However, this vaccine still requires
approximately 1 year before it can be globally utilized to
prevent the spread of the virus. According to Tian et al.
specific human monoclonal antibodies such as CR3022 are
intended to bind strongly to SARS-CoV-2 receptor binding
domain[= (RBD) (KD 6.3 nM) and overlap the ACE2
binding site.”” These unique results indicate the possibility
of developing a therapeutic vaccine with a combination
of other antibodies. However, in vitro trials and clinical
studies are needed to obtain accurate clinical data for the
prevention and treatment of COVID-19 infections.*’

In developing a new vaccine one must pay attention to
the similarity of immunogenic structural proteins similar
to SARS, MERS for SARS-CoV-2.* Ahmed et al. used a
set of B and T cell epitopes derived from spikes (S) and
nucleocapsid proteins (N) to identically map the SARS-
CoV-2 protein.”® Reports suggested that the identified
epitope has no available mutase sequence. Therefore, this
target immune epitope has the potential to be explored
in the fight against the SARS-CoV-2. However, the final
results depend on in vitro and future clinical trials.®
Herbal drugs

The herbal formulations used as alternative medication has
been a success in presenting the remedy to a number of

infections in conjunction with symptom specific remedy
using herbs.””? The initial lead from herbal medicinal
drug has been successful in developing final applicable
formulations like Praneem (a natural extract of neem
tree) as microbicide for HIV therapy.”® Therefore, various
studies have been conducted on the use of herbal drugs to
test the active compounds of some herbal in Indonesia by
molecular docking in silico (Table 1).

According to University of Indonesia (UI) and Institute of
Bogor Agriculture (IPB) researchers, they stated that some
chemical compounds which originated from several plants
inIndonesia have the potential ability to prevent COVID-19
infection in the form of molecular docking in silico. Based
on the results of prediction models with machine learning
methods, namely SVM (support vector machine), random
forest, and MLP (multilayer perceptron) neural network is
associated with 20,644 interactions of protein compounds.
The results are 31 herbal compounds with 5 target proteins
3CLPro (Chymotripsin-like protease), PLPro (Papain-
like protease), Spike-ACE2, EIF4 (Eukaryotic initiation
factor-4), and RdRp. Modeling of structure and ligand
based pharmacophores was used to carry out virtual
screening with 1,377 compounds from the HerbalDB
database.” The results of compound hit from machine
learning, and pharmacophore mapping was confirmed
using molecular docking.

Table 1. Active compounds having the potential as antiviral SARS-CoV-2%'

Target Compounds Sources
3CLpro Rhamnetin 3-mannosyl-(1-2)-alloside Cassia alata
Kaempherol 3,4’-di-O-methyl ether (Ermanin) Tanacetum microphyllum
Cyanidine 3-sophoroside-5-glucoside Brassica oleracea, Ipomoea batatas, Raphanus sativus
Casuarinin Psidium guajava
Quercetin 3-(2G-rhamnosylrutinoside) Clitoria ternatea
Peonidine 3-(4’-arabinosylglucoside) Ipomoea fistulosa
Hesperidine Psidium guajava, Citrus aurantium
PLpro Platycodin D Platycodon grandiflorus
Baicalin Scutellaria baicalensis
Sugetriol-3,9-diacetate Cyperus rotundus
Phaitanthrin D 2,2-di(3-indolyl)-3-indolone Isatis indigotica
(-)-epigallocatechin gallate Camellia sinensis
2,4-Dihydroxyphenyl)-2-[2-(3,4-Dihydroxyphenyl)-3,4-di- Vitis vinifera
hydro-5,7-dihydroksi-2H-1-benzopyran-3-yl]-3,4-dihy-
dro-2H-1-benzopyran-3,4,5,7-tetrol
RdRp. Betulanol Cassine xylocarpa
Gnidicin Gnidia lamprantha

2-B-dihydroxy-3,4-seo-friedelolactone-27-lactone

Viola diffusa

14-deoxy-11,12-didehydroandrographolide

Andrographis paniculata

1,7-dihyroxy-3-methoxyxanthone

Swerti apseudochinensis

Theaflacin 3,3’-di-O-gallate

Camelia sinensis

2-(3,4-dihydrophenyl)-2-[(2-3,4-dihydroxyphenyl)-3,4-dihy-

Vitis vinifera

dro-5-7-dihydroxy-2H-1-benzopyran-3-ylJoxy]-3,4-dihydro-

2H-1-benzopyran-3,4,5,7-tetrol

Hesperidine

Psidium guajava, Citrus aurantium
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Guava (Psidium guajava) with pink flesh contains active
compounds including myricetin, quercetin, luteolin,
kaempferol, isorhamnetin”, and hesperidin.”® Luteolin
is a furin protein inhibitor”” and assumed as one of the
enzymes that breakdown the Coronavirus S (spike) protein
in MERS into units of S1 and S2.7%7 In the S1 unit, there isa
receptor-binding domain (RBD) where the ACE2 peptidase
binds the virus in the host cell.” The Hesperidin/hesperitin
compound in the silico study inhibits the RBD of the
SARS-COV-2 Spike protein which is also known as luteolin
having a neuramidase inhibitor as well as oseltamivir which
is currently one of the drugs used in the CDC protocol.®
Hesperidin a form of hesperidin aglycone and Quercetin is
also known to act as inhibitors of 3CLpro virus proteins.®"#
Other compounds in guava such as myricetin act as SARS
coronavirus helicase inhibitors.** The kaempferol has the
potential to be a non-competitive inhibitor of 3CLPro and
PLpro as well as quercetin.® It also acts as a autophagy
modulator, inducer and inhibitor, of the virus.

Meanwhile, Indonesia is also famous for its variety of
cooking condiments which are derived from plants. One
of the commonly used condiments for cooking or herbal
medicine in Indonesia is empon-empon consisting of
ginger, turmeric, galangal, curcuma and lemongrass.
Furthermore, animals such as snakehead fish also improve
immune system in the body due to high protein and amino
acids.®*% According to UNAIR (University of Airlangga)
researchers stated that the approach that can be taken
in the public by consuming empon-empon to boost the
immune system to avoid COVID-19.7

Turmeric containing curcumin have been consumed and
proven by people for centuries and beneficial to health.
For example it is used to maintain fitness vitality, liver,
and digestive systems based on empirical experimental
evidence. Various studies have been carried out in vitro
and preclinical tests showing that curcumin is anti-
inflammatory, antiviral, antibacterial, antifungal, and
antioxidant based on scientific evidence.®#

One of the benefits of curcumin obtained from clinical
trials is to increase the body’s immune system. Recent
research on curcumin against the virus shows that the
SARS-CoV-2 receptor is an enzyme ACE2 found in host
cells of human especially alveolus lungs. However, the
cell entry of the virus depends on the binding of the spike
virus protein, the receptor on the host cell (ACE2) and pad
priming protein spike (TMPRSS2).%

Conclusion

The surging spread of the virus through human-to-human
transmission has created a change in human life that
must meet health protocol standards including therapy
protocols to combat COVID-19. Few existing drugs had
been evaluated for the remedy of SARS-CoV-2 and shown
promising good effectsin clinical applications. The chemical
and herbal drugs for the management of viral infection
symptoms have been on the frontline to mitigate this novel
viral infectious disease and have helped the number of

patients in safe healing from COVID-19. Several drugs have
been clinically evaluated for the treatment of COVID-19,
which showed promising results and assisted a number of
patients to recover safely. There is continuous research
on the potential of therapeutics in evaluating the existing
antiviral drugs such as modern and herbal medicines.
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