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is not in prescription using nowadays. Presently there is no drug of
choice for swine flu and still, it is a challenge to develop new drugs against changing strains
of the HIN1 flu virus. This review highlights and rational guide to the problems associated
with NA inhibitor oseltamivir, and design and development of novel drug (s) for the

treatment of swine flu.
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INTRODUCTION

Swine flu is a highly contagious acute respiratory disease in humans caused by a virus,
referred to as the HIN1. There are three types of influenza viruses that A, B and C, in which
influenza A virus is the most dangerous and epidemic. The influenza virus is a single-

stranded RNA, a negative sense having eight segmented genomes that belong to the family
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Orthomyxoviridae. Swine flu belongs to influenza Type A. It consists of two vital surface
proteins that are neuraminidase (N) and hemagglutinin (H). Flu is a respiratory infection,
connected with a fever, coughing, and muscle aches, which often last for a few days and it
caused fatal.!*?** Swine flu virus was first isolated in pigs in 1930 and in humans in 1933.
To date, these subtypes are spreading all over the country with resistance strains. Swine flu is
a highly spreading strain of the influenza virus affecting humans which contains segments of
genes from pig, bird, and human influenza viruses.®! It infects the epithelial tissues of the
upper respiratory cells of humans. The surface glycoproteins hemagglutinin (HA) and
neuraminidase (NA) is a vital target for sialic acid (SA) of human epithelial tissues. HA
allows the attachment of the virus to the cell by the specific linkage between the receptor
binding site and SA, whereas the other side NA cleaves the link between SA and HA to allow
virus release from the infected cells. So there is optimum equilibrium adjust between HA and

NA activities are needed for released from cells and newly viral multiplication.*”

Swine flu viruses spread by direct and indirect through close animal contacts and also from
contaminated objects. They can be transmitted from pigs to people and from people to pigs.
The recent swine flu virus can spread by human-to-human contact. Human-to-human
transmission occurs by inhalation of infectious droplets and droplet nuclei, and by direct
contact, which is facilitated by air and land travel and social gatherings. Swine flu shows high
morbidity and low fertility rate.*'” Center for Disease Control and Prevention (CDC)
estimates that during the 1990s, about 36,000 people died each year of flu-related causes in
the United States. Every season this virus changed its strains (Table 1) and become episodic
flu that caused the death of millions of people every year. For comparison, the bird flu
outbreak between 2004 and 2009 pandemic that claimed about more than 1800 and 4100
deaths respectively.t

In the year 2009 more than 340 000 reported cases of HIN1 (repeat) infection in 191
countries, and more than 4100 deaths in 2009. WHO initially projected that up to 2 billion
people could become infected with the virus over the next 2 years. They estimate that
globally there were 201,200 respiratory deaths and 83,300 cardiovascular deaths associated
with 2009 pandemic H1N1 flu virus. Diabetes is also an important underlying illness in
mortality due to swine flu. It estimated each year, seasonal influenza infects 5-20% of the
population, causing 250,000-500,000 deaths worldwide,'® This outbreak was transmitted
from humans to pigs and then back to us as the same as the 1918 pandemic. In 2010, World

WWW.Wjpr.net Vol 9, Issue 12, 2020. 339




Gupta et al. World Journal of Pharmaceutical Research

Health Organization (WHO) was declared that swine flu is pandemic. In February 2011,

WHO had been reported that 370 resistant cases of oseltamivir against swine flu.**4

Table 1: Episodic flu caused pandemic and endemic in respective year.

Influenza strains Caused Year | Pandemic/ Endemic
HIN1 Spanish flu 1918 | Pandemic

H2N2 Asian flu 1957 | Endemic

H3N2 Hong Kong flu 1968 | Endemic

H5N1 Avian flu 1997 | Endemic

H5N1 Bird flu 2004 | Pandemic

H1N1 Repeat swine flu 2009 | Pandemic

H7N7 Zoonotic flu 2010 | Endemic

H7N9, H5N7 (New strains, China) 2013 | Lead to Endemic
HION2 New strains 2013 | Endemics

Some vital states of swine flu in india

According to WHO, There have been nearly 30,000 confirmed H1N1 cases across 74
countries in 2009. Around 123397 people have been tested in India as on February 1, 2010,
around 4% of people who have tested positive for swine flu have died and could not be saved
in India. Maximum number of 8494 H1N1 infections were registered in the capital city of
New Delhi and Maharashtra. This was followed by 4607 infections in Maharashtra (317
deaths), 2063 HIN1 swine flu infection in Taminlnadu (109 deaths), 1925 infections in
Rajasthan (176 deaths), 1895 infections in Haryana, 1879 in Karnataka (141 deaths) and 1441
infections in Kera.™ In 2013, nearly 1200 infected (260 death) patient with HIN1 cases are
reported in India. Last year 2019, the number of deaths recorded due to swine flu in the
country was 1,218 with out of total cases of 28,798 as per the National Centre for Disease
Control (NCDC). This number is increasing day by day in all over state of India. The main
cause of death from novel (swine origin) influenza A/H1N1 infection is acute respiratory
distress syndrome.***> Bronchial asthma, pulmonary tuberculosis and fever found to risk
factors for complications in HIN1 infection as same as pneumonia. Most common cause
of death in patients was due to pneumonia with influenza infection. Viral infection suppresses
the immune system of humans that caused to prone for bacterial and other infections.
Molecularly they adhere to the surface of epithelial cells of respiratory tract and interact with
sialic acid of the cells surface. The clinical impact of influenza caused a major threat for

immune-compromised patients.™”
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Current scenario of influenza

On the basis of specific molecular genetics and pathogenesis criteria Influenza viruses are
classified as low pathogenic avian influenza (LPAI) and highly pathogenic (HPAI). HPAI
viruses can cause severe illness and high mortality in poultry form. Avian influenza A viruses
of the subtypes H5 and H7, including H5N1, H7N7, and H7N3 viruses, have been associated
with HPAI. Strains H3N8, H7N3, H7N7, and H10N7 viruses detected in wild birds and
ducks. H7N7 an avian influenza viruses have been widely detected in wild birds and
domestic poultry in China.’>* LPAI viruses that have infected humans include H7N7,
H7N9, HION2, H3N2v and H7N2. H7N9 respiratory virus causes 544 confirmed cases and
122 fatality cases, reported in China in May 2014.%® The arising of new strains in every

year is biggest problem to design and synthesis of drugs.

Drugs for swine flu

Currently there are two classes of drugs approved for the treatment and prevention of flu: M2
protein channel inhibitor, Amantadine and Rimantadine (derivative of adamantanes) and the
newer neuraminidase (NA) inhibitors, such as Oseltamivir Zanamivir, Panamivir and
Laninamivir. The M2 inhibitors are cheap, but they are only effective against influenza A
viruses, and resistance arises rapidly. Adamantanes interfere with viral processing inside a
cell and are associated with severe toxic side effects and development of drug resistance. The
most recent swine flu viruses isolated from humans are resistant to Adamantine and
Rimantadine in before 2005. Neuraminidase inhibitors (Zanamivir) is inhaled drugs and
poorly absorbed orally and given post exposures of flu, also resistance to H3N2, H5N1 and
high degree resistant to HIN1. Oseltamivir is the first oral active drug and may reduce illness
but it given before 48 hour of infection. It poses a risk of developing side effects such as

nausea, vomiting, abdominal pain and vertigo.**%!

The first vaccine was made against the HLIN1 2009 as nasal spray. It is approved for use in
only healthy individuals ages 2 to 49. The injectable vaccine, made from killed H1N1,
became available for six month baby and pregnant women. Both the vaccines were not
follows the guidelines of vaccine so not much used in market.[***?! This review discussed

about the all problems regarding Oseltamivir.

Oseltamivir (OST) and its major problems
OST (Tamiflu) is the only first orally active drug for swine flu which fights from the flu

disease in humans. OST is an antiviral drug commercially developed for swine flu that
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stopping the newly formed virions progeny with its host cell. Oseltamivir is indicated in the
prophylaxis of influenza and for the symptomatic treatment not more than 2 days old.
Oseltamivir is administered in the form of a prodrug oseltamivir phosphate (Tamiflu) that is
rapidly converted into the active metabolite, oseltamivir carboxylate by hepatic esterase
(Davies, 2010). Oseltamivir phosphate is a white crystalline solid with the chemical name
(3R, 4R, 5S)-4-acetylamino-5-amino-3-(1-ethylpropoxy)-1-cyclohexene-1-carboxylic acid,
ethyl ester, phosphate.

The discovery of oseltamivir and zanamivir was possible through rational drug design
utilizing available x-ray crystal structures of sialic acid. Sialic acid bound to the active site of
the influenza virus neuraminidase enzyme ™. Sialic acid is the N- and —O-substituted of
derivatives of neuraminic acid. Neuraminic acid is the nine carbons of monosaccharaides.
Oseltamivir was developed through successive modifications to the sialic acid analogue

framework (including the addition of a lipophilic side chain (Fig. 1).l*")
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Figure 1: NA inhibitors and designed compounds.

OST mainly synthesized from rare natural plants that is Chinese star anise. Shikimic acid is
the main active product of this herb which is the precursor of oseltamivir. OST is sometimes
very hard to collect from its sources.*®! The shikimic acid is extracted from the seeds of
Chinese star anise in a ten-stage extraction process. Thirteen grams of star anise make 1.3
grams of shikimic acid, which can be made only 10 oseltamivir capsules (75 mg). The
sudden demand for shikimic acid for the production of OST, it increases the price and

scarcity of shikimic acid. The scarcity of shikimic acid make a major obstacle for the
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production of OST. During 2005 in pandemic flu, huge demand of surrounding avian flu, and
there were globally resulting in a shortage of Tamiflu.5? So it will be necessary to take an

alternative and simple approach for the synthesis of new drugs against the flu.

The current production method involves a number of reaction steps (Fig. 2). Multiple steps
synthesis is also give very complex and costlier for production of Tamiflu.l*®¥! According to
Roche synthesis of Tamiflu is summarized graphically below (Fig. 2).*2 This multistep
synthesis involves complex reaction and free radicals compounds. It is very difficult to
isolated and synthesis of OST from academic style manufacturing process because academic

has been too many chromatography techniques, and solvent process involved.
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Figure 2: Synthesis of oseltamivir from Shikimic acid which involves sixteen steps.

Mechanism of action: Oseltamivir carboxylate a selective neuraminidase inhibitor, serving
as a competitive inhibitor towards sialic acid, found on the surface proteins of normal host
cells. Since NA cleaves the a-glycosidic bond between SA and the glycoconjugates of
human’s cells surface and thus destroys receptors to which influenza virus binds and helped
in released virions. By preventing the activity of the viral neuraminidase enzyme, oseltamivir
prevents new viral particles which are released by infected cells OST binds only in the active
site of viral NA so that it can break the a-glycosidic bond and unable to released the virions
to affect other cells.[2223:24:25.26]

Adverse effects

The most frequent side effects are nausea and vomiting which are generally of a mild to
moderate degree and usually occur within the first 2 days of treatment. The following adverse
reactions have been identified during post-marketing survey of oseltamivir, Diarrhoea,
Bronchitis, Stomach pain, Dizziness, Headache, Hepatitis, Abnormal liver function tests,
Rash, Swelling of the face or tongue, Serious or life-threatening adverse effects like
Epidermal necrolysis, Arrhythmias, Seizures, Confusion, Aggravation of diabetes, Transient
neuropsychiatric events (self-injury or delirium, delusion, confusion), Pseudomembranous
colitis, Pyrexia, Unstable angina (<1%) may occur.’?"?®! After a comprehensive review of the
available data, the FDA has recently serious skin/hypersensitivity reactions be added to the

oseltamivir product label. Oseltamivir may develop a severe rash or allergic symptoms. 2%

Oseltamivir phosphate (Tamiflu) causes central suppression of the respiratory function in
rats. Tamiflu-induced cardio-respiratory arrest and sudden death observed in influenza
patients after taking Tamiflu. Studies showed the levels of oseltamivir phosphate in the brain
to be approximately 1,500 times those seen in adult animals. Oseltamivir is come under

category C drug, which to base a risk evaluation of oseltamivir to the pregnant woman or
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developing foetus. In lactating rats, oseltamivir is excreted in the milk. It can easily cross the

placenta and may cause miscarriage.*>¢!

Treatment problems

Tamiflu have some restriction for the treatments of Influenza patients. The standard dosage
for treatment of patients 13 years of age and older is 75 mg b.i.d for 5 days. Pediatric patients
or adults, who cannot swallow capsules, receive oseltamivir 30, 45, and 60 mg oral
suspension twice daily. Healthy adults with naturally acquired febrile influenza when started
within 36 hours of the onset of symptoms can reduce the severity.*!! Initiation of therapy
within the first 12 h after fever onset OST reduced the total median illness in 3 days. In
addition, only the earlier administration of oseltamivir reduced the duration of fever, severity
of symptoms, and the times to return to baseline activity, but OST did not reduce the severity
of hospitalization.>*®! The main problem with OST is the effect of oseltamivir may be
apparent within 24 h of the start of treatment. It does not prevent the flu it can only slightly
reduce its length or severity of symptoms.*”) Rapid diagnostic testing followed by treatment
with oseltamivir is very costly for patients that cannot afford.®® 3¥ It is found that OST is not
effective in seasonal influenza, but effective against serious epidemic and pandemic

influenza.[y

The efficacy of oseltamivir in the treatment of subjects with chronic cardiac disease and/or
respiratory disease has not been effective.[*"! Each treatment of influenza costs $70-80 for 75
mg capsules for 5 days. There are large differences in the costs of these preventatives and
therapies, as well as in clinical experience, and ineffectiveness against viral subtypes.54%

The rapid diagnostic test and a subsequent prescription of oseltamivir cost $52.00 per primary
dose per patient. Recent observations suggest that in some patients with other infection
strains like H5N1, H3N2, H3N2v, H5N7 were less effective against OST and also it not
effective against influenza B. According to the article studies of OST, it has cleared that the

treatment is also so costly and treatment only happened in within 48 hours of infection.! 4%

47]

Resistance of oseltamivir
During the influenza season of 2007-08, oseltamivir-resistant to influenza A viruses (H1IN1)
emerged in several countries like Europe, North America, Asia and slowly become

worldwide."® The normal seasonal HIN1 virus became almost entirely resistant against
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Tamiflu over the past two years. FDA approved four drugs for influenza Amantidine,
Rimantidine, Zanamivir and Oseltamivir. Amaantadine and Rimantidine are M2-channel
inhibitor which is not in used due to acquired resistance.l*>* First of all a Vietnamese girl
who had received a prophylactic dose (75 mg once a day) was found to be non-responsive to
the Tamiflu medication. During the winter flu season of 2007-2008, about 11% and in 2009,

99.3% of flu cases were reported to be resistant to Tamiflu.>%54

Clinical practices showed that oseltamivir was effective to treat the 2009-H1N1 influenza but
it was failed to the 2006-H5N1 avian influenza. It mainly due to the two mutations (H274Y
and 347Y) between their NA.”® This may be the reason why H5N1 avian influenza virus is
drug-resistant to oseltamivir. It also reported that treatment with the recommended dose of
oseltamivir, although started one day after the onset of symptoms, did not suppress viral

replication efficiently and eventually led to the development of a drug-resistant strain.

There is a need for more research on resistance development in the HIN1 influenza and for
prudent use of antiviral. The emergence of oseltamivir resistance influenza virus has
highlighted the need for the design and development of new antiviral drugs and rapid
diagnostic test that determine viral subtype or new resistance strains.®-%!

Mutation in swine flu virus (H1N1)

Mutation is main problems for treatments of Swine flu. High mutation rate causes resistance
to the commercially available drugs, especially to oseltamivir. Genetic mutations, may results
in ‘antigenic shift’ (major genetic rearrangements between strains, associated with pandemics
as well as epidemic), helps the virus escape the human natural immunity.>***! Mutation
affects the virus strains ability to go deeper into the respiratory system, thus causing more
serious illness.*”! The H274Y mutation has been previously established as a genetic marker
of resistance to oseltamivir among patients when infected with either influenza A (H1IN1) or
A (H5N1) viruses.™ The first involves mutations in neuraminidase that interfere the
conformational change in active site are E119V, Q136K, R292K, H274Y, and R152K which
are single nucleotide polymorphism (SNP) mutations known to interfere with this process and

inhibit the rotation and prevent pocket formation for binding.®*** in different strains of NA.

Mutations are signal residue substitutions (His274Tyr) in the neuraminidase enzyme. This
substitution of amino acids that is histidine-to-tyrosine (amino acid) at position 274 is in NA

protein which causes unable to bind OST with neuraminidase. Sequence analysis of the
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neuraminidase and receptor-ligands interactions revealed that location 274 (H274Y), is
associated with high-level resistance to oseltamivir in influenza (N1) viruses.® The smaller
side chain residue histidine slightly enhanced or unchanged NA sensitivity to OTV, while
phenyl and Tyrosine at 274 reduced the susceptibility of OTV to neuraminidase. Due to this
change of histidine at 274, it also interferes with residues Glu276 and Arg224 and makes
charge-charge interactions with free binding energy. Glu276 which is just near to 274 also
dislocates the position and rotation which is unfavorable to OST.>*@ Thus H275Y mutation
is the major mutation impacting influenza A/H1N1 which inhibits the conformational change
during binding to neuraminidase active site. All these viruses have the same mutation in the
neuraminidase gene (H275Y), conferring resistance to oseltamivir but cross-resistance to
zanamivir.”® Study shows that cross-resistance of NA inhibitors may occur. Mutations
within the HA gene also resulting in decreased affinity for sialic acid, and NA inhibitors and
synergistic to neuraminidase activity.!**®%

Designing of drugs against resistant NA

Virology studies and replication mechanism of influenza virus it cleared that some specific
vital molecular targets in hemagglutinin, neuraminidase and M2 protein. Among these, NA
acts as potential targets and attractive target for drug development. NA also presents in some
bacterial strains, fungal, protozoan, and other some other vertebrates which functionally

related to viral NAP%8% and can be attractive target for design NA inhibitors.

On the basis of the conserved nature of the NA catalytic site in influenza virus strains and
molecular modelling studies of the binding site of the structure of NA, it is found that the
active site of NA has four main binding sites. Site 1 (+ve charge) consists of Argl18,
Arg292, and Arg371 and interacts with the carboxylate. The site 2 (-ve charged) consists of
Glull9, Glu227, and Aspl51 and interacts with the amino or guanidine. The site 3
(hydrophobic pocket) consists of 1le222 and Trp178 which accommodates the acetyl group,
and site 4, consisting of Glu276 and Glu277, binds to the hydrophobic side chain.!***°! On the
basis of these sites, we can design the drugs against resistant NA in the future. The review
SAR of NA inhibitors, it reported that inhibitor is mainly determined by the relative positions
of substituents of the Carboxylic acid and Acetamide must be at equatorial positions of the
central ring that showed the essential for activity. If the compound has all four groups’
substitutions like carboxylic acid, acetamido, hydrophobic group, and glycerol then may give
potent interactions with NA active site. The replacement of the glycerol moiety with a
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hydrophobic and the replacement of 4-guanidino group with an amine group provide
analogues structure like oseltamivir and lipophilic compound like other NA inhibitors and it

may show higher oral bioavailability.

Various derivatives and analogues like, biflavone, flavones, flavanoids, thiozolidine, pyrene,
pyridine, pyrrolidine, dihydropyrane, caffiec acid, creteniside, etc. were developed and
synthesized and evaluated against NA.®! But till, no any drug molecules has come in market,
due to ineffective against NA, may be due to complexity of compounds, synthesis problems,
pharmacokinetic problems and some molecule are failed in clinical trials. But aromatic
compounds which is simple and analogues to oseltamivir may designed the compounds and
overcome the problems (Fig. 1). The aromatic ring like salicylic acid, cyclohexene, and other
benzene ring with carboxylic acid and acetamido group found potent NA inhibitors.[*57 ¢
reviewed these aromatic derivative showed effective, good pharmacokinetic and synthetic
accessible and potent against the NA. So in future may develop the 4-acetamidsbenzoic acid
as potent target for the NA.[™M

CONCLUSIONS

Oseltamivir is not drug of choice nowadays due to résistance and change in strains of the
virus. Also, its treatment is also very costlier and having show more adverse effects. Due to
frequent mutation in NA, OST is resistant to all strains of influenza virus that have made a
big problem to developed new drugs against HIN1. M2 proton channel, hemagglutinin, and
neuraminidase are three vital proteins make as targets for drug design against the influenza
virus. But NA is the main vital and attractive target for designed NA inhibitors. As strains of
influenza are continually mutating, it is essential that scientists quickly and efficiently
determine the correct neuraminidase subtype that is responsible for the drug resistance in
order to develop medications that will combat specific strains of influenza. We should also
develop a simple and easy test for characterizing the new flu strains that resistance every
year. The 4-acetamido benzoic acid derivative may overcome the problem as potent NA
inhibitors. Molecular modeling methods and In-Silico techniques may help to designed drugs

against resistant strains and solve the epidemic problem of swine flu.
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