Advances and Applications in Mathematical Sciences
Volume 21, Issue 4, February 2022, Pages 1615-1635

© 2022 Mili Publications India

IMPLEMENTATION OF FUNCTIONAL GROUP
ANALYSIS OF DRUGS FOR COVID-19

S. VIJAYALAKSHMI

Research Scholar in Sri Venkateswara University
Department of Chemistry, SV Arts and Science College
Tirupati, Andhra Pradesh, India

E-mail: vijayalakshmi.dhage@gmail.com
Abstract

The severe acute respiratory syndrome Corona Virus also known as COVID-19 has become
the current health issue to the entire world to suppress the disease precautionary measures is
the only method which stops person to person transmission till effective method of treatment
vaccine is developed. Drug repurposing is the concept of identifying therapeutically potent
molecule from the library of preexisting molecules in the present paper few drugs are selected
and impact of it on COVID-19 drugs containing ethanolamine/propylamine fragments along
with heterocycles have some potential anti-viral results. Similarly, there is the possibility of
controlling the COVID-19 infection by nucleotide analogues. Here we also highlight some drugs
and its advantages and disadvantages. Patients’ data is analyzed with the help of statistically
tool i.e., regression and correlation methods. The Drug repurposing approach provide an In Site
about the therapeutics that might be helpful in treating corona virus disease.

Introduction

Novel Corona Virus disease (COVID-19) has become a plague threat to
public health. It’s a respiratory disease-causing lever, fatigue, dry cough,
muscle ache, shortness of breath, and in some cases, it leads up to pneumonia
(1, 2].

There are four different types of Corona Viruses are there. They are a
covs B covs y covs, and & covs among which o covs, B covs infects mammals

while y covs, and & covs birds.

In serious conditions, it causes ARDS-acute respiratory distress syndrome

2020 Mathematics Subject Classification: 34Dxx, 93Dxx.
Keywords: COVID-19, Re-purposing Drugs, Statistical Methods.
Received October 5, 2020; Accepted November 10, 2020



1616 S. VIJAYALAKSHMI

i.e. a lung inflammation so severe that fluid builds up around and within the
lungs which may cause septic shock because of a dramatic fall in blood
pressure and body orangs are starved for oxygen. The period of this Corona
Virus is approximately 1 to 14 days symptoms and severity vary from patient
to patient. Because of the weak immune system, elderly people, pregnant
women, children, people with diseases like asthma, heart problems, diabetes

less low level of vitamin D, affect more.

The epicenter of the outbreak was located in Wuhan, Hubei provenience,
China [2, 3]. This outbreak was declared a public health emergency of
international concern on 30th January 2020 by WHO thanks to its fast

transmission.
Literature Review

The causative agent for COVID-19 is SARS-COV-2 (Severe acute
respiratory syndrome-2). Drug repositioning (also referred to as drug
repurposing, reprofiling, re-tasking, or Therapeutic switching) is that the
repurposing of an approved drug for the treatment of various diseases (or)
medical conditions than that it was originally developed [5].

The development of drug its disposition (absorption, distribution,
metabolism, and excretion known by the acronym ADME) and pharma co
kinetics (the Mathematica description of the speed of their process and of
concentration-time relationships), plays a central role throughout
pharmaceutical research and development [7].

ADME studies provide the sole basis for critical judgments from a
situation where the behavior of a drug is known to those where it’s unknown.
It also gives the knowledge for a full understanding of the mechanism of

action and toxicity. (ncbi.nlm.nih.gov/books).

There 1s a computational database for genome study that’s useful in fast-
track drug discovery other research directions include the event of a COVID-

19 vaccine [8] and convalescent plasma trans-fusion [9].
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Table 1. List of medicine used for the treatment of COVID-19 [10].

No Name Structure Active against Mechanism
1 Favipiravir . Influenza Inhibits viral
o rau o
Ho—g:o—‘o‘:o—i:o\g\—g - RNA-dependent
e on RNA polymerase
(RdRp)
2 Remdesivir PN '; H Ebola virus Viral RNA
| I./“‘ . .
NG W Respiratory polymerase
q OH
3
" syncytial virus
3 Zanamivir ne O')_'Ok T Influenza Neuraminidase
HO H - 'r TOH . . I
N viruses inhibitor
A o HNL NHe
o= —
NI
4 Oseltamivir o Influenza virues Inhibits the
o o~ ..
/j/ A neuraminidase
ilo NH, enzyme
5 Lopinavir HIV Protease inhibitor
CC a2 2

Molecular docking. Molecular docking could be a structure-based drug
design approach to stop the essential aminoalkanoic acid interaction between
the chosen protein and generated ligands with low energy conformation [11].

Methodologies.
COVID-19 source data is maintained by Hannah Ritchie and was downloaded

During this present paper information regarding

directly from Corona Virus Source data. A statistical tool Regression and
Correlation methods wont to analyze the info. Unfortunately, no medicine or
anti-virus vaccine has yet been officially approved to treat COVID-19-

associated pathologies.

At present clinical management includes infection prevention, control

measures, and supportive care including supplementary oxygen and
mechanical ventilation when indicated. While many countries are working
toward a vaccine against SARS-CoV-2, it’s almost certain that there’ll be no

vaccine available before the tip of this year [12].
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Several drugs are identified supported their differing modes of action on
the virus and various pathways it traverses, including several antivirals
(lopinavir/ritonavir combination, remdesivir, and favipiravir); two
antimalarials (chloroquine and hydroxychloroquine); ACE2 inhibitor
(losartan); 1mmunosuppressive agents (tocilizumab, leronlimab and
corticosteroids); TMPRSS2 inhibitor (camostat mesylate); anti-parasitic drugs
(ivermectin and nitazoxanide); a gold-containing drug, auranofin, an
immunomodulator utilized in sepsis and leprosy (Sepsivac, mycobacterium w
heat-killed injections); allogeneic Placental expanded (PLX) cells; and
convalescent plasma [13].

Drugs Details. Sold under the name Avigan among others, [17] is an
antiviral medication want to treat influenza in Japan. [14] it’s also being
studied to treat many other viral infections. [14] just like the experimental

antiviral drugs T-1105 and T-1106, it is a pyrazine carboxamide derivative.

N
3 9 9 Qz(
HO—P—0—P—0—P—0 N
| | | \@/ \ NH,

OH OH OH
o' on
It is being developed and made by Toyama Chemical (Fujifilm Group) and
was approved for medical use in Japan in 2014. [15] In 2016, Fujifilm licensed
it to Zhejiang Hisun Pharmaceutical Co. of China. [16] It became a drug in

2019, allowing the corporate to supply it within the People’s Republic of
China.

Favipiravir has been approved to treat influenza in Japan. [15] It 1is,
however, only indicated for novel influenza (strains that cause more severe
disease) instead of seasonal influenza. [15] As of 2020, the probability of
resistance developing appears low. [15].

The adverse effect of Favipiravir
e Reduced weight
e Vomiting

e Reduced locomotive activity
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e Decreased production of red blood cells

e An increased liver function like the assemble of aspartate
aminotransferase, alkaline phosphatase, alanine
aminotransferase, and total albumin.

e Increased vacuolization in hepatocytes

e It is teratogenic meaning; it can cause congenital defects and
therefore should be avoided in pregnant women.

Remdesivir - Remdesivir, sold under the brand name Veklury, [18] [19]
may be a broad-spectrum antiviral medication developed by the
biopharmaceutical company Gilead Sciences. [20] It is administered via
injection into a vein. [21] [22] Remdesivir is being tested as a treatment for
COVID-19 and has been authorized for emergency use within the US, India,
[8] Singapore, [24] and approved to be used in Japan, the European Union,
and Australia for people with severe symptoms. [18] [19] [25] [26] [27] [28] It
also received approval within the UK in May 2020; however, it had been
visiting be rationed because of limited supply. [29] It should shorten the time
it takes to endure the infection. [30]

The most common side effect in healthy volunteers has raised blood levels
of liver enzymes (a sign of liver problems). [18] The foremost common side
effect in people with COVID-19 is nausea (feeling sick). [18]

Side effects may include liver inflammation and an infusion-related
reaction with nausea, low blood pressure level, and sweating. [31] It’s a
prodrug that’s intended to permit intracellular delivery of GS-441524
monophosphate and subsequent biotransformation into GS-441524
triphosphate, a ribonucleotide analog inhibitor of viral RNA polymerase. [32]

Earlier studies found antiviral activity against several RNA viruses
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including SARS coronavirus and MERS coronavirus, but it’s not approved for
any indication. [20] [25] Remdesivir was originally developed to treat
hepatitis C [33] and was then tested against filovirus, virus disease and
Marburg virus disease, but was ineffective for all of those viral infections. [20]
[34].

The adverse effect of remdesivir

The most common adverse effects in studies of remdesivir for COVID-19
include respiratory failure and organ impairment, including low albumin, low
potassium, low count of red blood cells, low count of platelets that help with
clotting, and yellow discoloration of the skin. [35] [unreliable medical source?]
Other reported side effects include gastrointestinal distress, elevated
transaminase levels within the blood (liver enzymes), and infusion site

reactions. [22]
Other possible side effects of remdesivir include

Infusion-related reactions are seen during a remdesivir infusion or
around the time remdesivir was given. [36] Signs and symptoms of
infusion-related reactions may include low blood pressure level, nausea,

vomiting, sweating, and shivering. [36]

Increases in levels of liver enzymes, seen in abnormal liver blood tests.
[36]. People that have received remdesivir, which can be an indication of

inflammation or damage to cells within the liver. [36]

Oseltamivir- Oseltamivir, sold under the brand Tamiflu, is an antiviral
medication wont to treat and stop influenza A and influenza B (flu). [37]
Many medical organizations recommend it in those who have complications
or are at high risk of complications within 48 hours of first symptoms of
infection. [38] They recommend it to forestall infection in those at high risk,
but not the overall population. [38] The Centers for Disease Control and
Prevention (CDC) recommends that clinicians use their discretion to treat
those at lower risk who present within 48 hours of first symptoms of
infection. [38] [39] [40] It’s taken orally, either as a pill or liquid. [37]

Recommendations regarding oseltamivir are controversial as are
criticisms of the recommendations. [38] [41] [42] [43] A 2014 Cochrane
Review concluded that oseltamivir doesn’t reduce hospitalizations which
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there’s no evidence of a discount in complications of influenza. [43] Two meta-
analyses have concluded that benefits in those that are otherwise healthy
don’t outweigh its risks. [44] [45] They also found little evidence regarding
whether treatment changes the danger of hospitalization or death in high-
risk populations. [44] [45] However, another meta-analysis found that
oseltamivir was effective for the prevention of influenza at the individual and
household levels. [46]
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The adverse effect of Oseltamivir

Common side effects include vomiting, diarrhea, headache, and trouble
sleeping. [37] Other side effects may include psychiatric symptoms and
seizures. [37] [47] [48] within the United States, it’s recommended for
influenza infection during pregnancy. [56] It’s been taken by a little number
of pregnant women without signs of problems. [56] Dose adjustment is also

needed in those with kidney problems. [37]

Oseltamivir was approved for medical use within the US in 1999. [37] It
was the primary neuraminidase inhibitor available orally. [49] It’s on the
planet Health Organization’s List of Essential Medicines but was downgraded
to “complementary” status in 2017. [50] [51] A generic version was approved
within the US in 2016. [52] [53] In 2017, it had been the 159th most typically
prescribed medication within the United States, with quite three million

prescriptions. [54] [565]

Common adverse drug reactions (ADRs) related to oseltamivir therapy
(occurring in over 1 percent of people) include nausea and vomiting. In
adults, oseltamivir increased the danger of nausea that the quantity needed
to harm was 28, and for vomiting was 22. So, for each 22-adult people on
oseltamivir one experienced vomiting. within the treatment of kids,

oseltamivir also induced vomiting. The amount needed to harm was 19. So,
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for every 19 children on oseltamivir one experienced vomiting. In prevention,
there have been more headaches, kidney, and psychiatric events.
Oseltamivir's effect on the center is unclear: it should reduce cardiac

symptoms, but may induce serious arrhythmias. [57]

Post marketing reports include liver inflammation and elevated liver
enzymes, rash, sensitivity including anaphylaxis, toxic epidermal necrolysis,
abnormal heart rhythms, seizure, confusion, aggravation of diabetes, and
hemorrhagic colitis, and Stevens-Johnson syndrome. [58] [51]

Zanamivir may be a medication won’t to treat and stop influenza caused
by influenza A and B viruses. It's a neuraminidase inhibitor and was
developed by the Australian biotech firm Biota Holdings. It was licensed to
Glaxo in 1990 and approved within the US in 1999, just for use as a
treatment for influenza. In 2006, it was approved for the prevention of
influenza A and B. [60] Zanamivir was the primary neuraminidase inhibitor
commercially developed. It’s currently marketed by GlaxoSmithKline under
the trade name Relenza as a powder for oral inhalation.

Zanamivir is employed for the treatment of infections caused by influenza
A and influenza B viruses, but in otherwise healthy individuals, benefits
overall appear to be small. It decreases the chance of one’s getting
symptomatic, but not asymptomatic influenza. The mix of diagnostic
uncertainty, the danger for virus strain resistance, possible side effects, and
financial cost outweigh the tiny benefits of zanamivir for the prophylaxis and
treatment of healthy individuals. [61] As of 2009, no influenza had shown any
signs of resistance within the US. [62] Since then, genes expressing
resistance to zanamivir were found in Chinese people infected with avian
influenza A H7N9 during treatment with zanamivir. [63]

The adverse effect of Zanamivir
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Dosing is restricted to the inhalation route. This restricts its usage, as
treating asthmatics could induce bronchospasms. [64] In 2006 the Food and
Drug Administration (FDA) found that breathing problems (bronchospasm),
including deaths, were reported in some patients after the initial approval of
Relenza. Most of those patients had asthma or chronic obstructive pulmonary
disease. Relenza, therefore, wasn’t recommended for treatment or
prophylaxis of seasonal influenza in individuals with asthma or chronic
obstructive pulmonary disease. [65] In 2009 the zanamivir package insert
contains precautionary information regarding the chance of bronchospasm in
patients with a respiratory disorder. [66] GlaxoSmithKline (GSK) and FDA
notified healthcare professionals of a report of the death of a patient with
influenza having received zanamivir inhalation powder, which was

solubilized and administered by mechanical ventilation. [67]

In adults, there was no increased risk of reported adverse events in trials.
There was little evidence of the possible harms related to the treatment of
kids with zanamivir. [69] Zanamivir has not been known to cause toxic effects

and has low systemic exposure to the chassis. [68]

Lopinavir is an antiviral drug class inhibitor class. It’s used against HIV
infections as a fixed-dose combination with another antiviral drug, ritonavir

(lopinavir/ritonavir). [70]

It was patented in 1995 and approved for medical use in 2000. [71]
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The adverse effect of Lopinavir

Side effects, interactions, and contraindications have only been evaluated

within the drug combination lopinavir/ritonavir.

The most common adverse effects observed with lopinavir/ritonavir are
diarrhea and nausea. In key clinical trials, moderate or severe diarrhea

occurred in up to 27% of patients, and moderate/severe nausea in up to 16%.
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[72] Other common adverse effects include abdominal pain, asthenia,

headache, vomiting, and, particularly in children, rash. [72]

Raised liver enzymes and hyperlipidemia (both hypertriglyceridemia and
hypercholesterolemia) are commonly observed during lopinavir/ritonavir
treatment. [citation needed]

Lopinavir/ritonavir 1s anticipated to possess varying degrees of
interaction with other medications that also are CYP3A and/or P-gp
substrates. [73]

People with structural cardiopathy, preexisting conduction system
abnormalities, ischaemic cardiovascular disease, or cardiomyopathies should

use lopinavir/ritonavir with caution. [74]

On 8 March 2011 the U. S. Food and Drug Administration notified
healthcare professionals of serious health problems that are reported in
premature babies receiving lopinavir/ritonavir oral solution, probably due
to its propanediol content. They recommend the use should be avoided in

premature babies. [75]

Regression. The term ‘regression’ was coined by Francis Galton
within the nineteenth century to explain a biological phenomenon. In
rectilinear regression, a line is fitted to bivariate data. A simple regression
of the shape

y =a+bx

where b is that the parametric statistic and a is that the regression is
constant. @ and b are determined by the tactic of a method of least squares
and y’ denotes the estimated value of y. Here x is named the predictor and y is

named the predictand.

Pearson Correlation. The Pearson coefficient of correlation is employed
to live the strength of a linear association between two variables, where the

worth » =1 means an ideal correlation and therefore the value r = -1

means an ideal negative correlation. So, as an example, you’ll use this test to
search out whether people’s height and weight are correlated (they are going
to be - the taller people are, the heavier they’re likely to be).
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Requirements for Pearson’s coefficient of correlation

r =

e The scale of measurement should be interval or ratio
e Variables should be approximately normally distributed
e The association should be linear
e There should be no outliers within the data
e Equation
ANALYSIS OF VARIANCE (ANOVA).

Central to the making of statistical inference within the regression
setting is that the estimation of the variance from the sample residuals. Once
we fit an equation, we estimate two parameters a and b. Therefore, the

degrees of freedom for a sample of n data points are (n —2). The variance of

residuals become.

n
2 _ 1 2
Se = n—2ze’
i=1

The COVID data from June 01, 2020, to July 10, 2020, is considered.

New New Total Total Weekly
Date Location cases Deaths Cases Deaths Cases
6/1/20 India 8392 230 190535 5394 51690
6/2/20 India 8171 204 198706 5598 53326
6/3/20 India 8909 217 207615 5815 55848
6/4/20 India 9304 260 216919 6075 58586
6/5/20 India 9851 273 226770 6348 60971
6/6/20 India 9887 294 236657 6642 62894
6/7/20 India 9971 287 246628 6929 64485
6/8/20 India 9983 206 256611 7135 66076
6/9/20 India 9987 331 266598 7466 67892
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6/10/20 India 9985 279 276583 7745 68968
6/11/20 India 9996 357 286579 8102 69660
6/12/20 India 10956 396 297535 8498 70765
6/13/20 India 11458 386 308993 8884 72336
6/14/20 India 11929 311 320922 9195 74294
6/15/20 India 11502 325 332424 9520 75813
6/16/20 India 10667 380 343091 9900 76493
6/17/20 India 10974 2003 354065 11903 77482
6/18/20 India 12881 334 366946 12237 80367
6/19/20 India 13586 336 380532 12573 82997
6/20/20 India 14516 375 395048 12948 86055
6/21/20 India 15413 306 410461 13254 89539
6/22/20 India 14821 445 425282 13699 92858
6/23/20 India 14933 312 440215 14011 97124
6/24/20 India 15968 465 456183 14476 102118
6/25/20 India 16922 418 473105 14894 106159
6/26/20 India 17296 407 490401 15301 109869
6/27/20 India 18552 384 508953 15685 113905
6/28/20 India 19906 410 528859 16095 118398
6/29/20 India 19459 380 548318 16475 123036
6/30/20 India 18522 418 566840 16893 126625
7/1/20 India 18653 507 585493 17400 129310
7/2/20 India 19148 434 604641 17834 131536
7/3/20 India 20903 379 625544 18213 135143
7/4/20 India 22771 442 648315 18655 139362
715120 India 24850 613 673165 19268 144306
7/6/20 India 24248 425 697413 19693 149095
717120 India 22252 467 719665 20160 152825
7/8/20 India 22752 482 742417 20642 156924
7/9/20 India 24879 487 767296 21129 162655
7/10/20 India 26506 475 793802 21604 168258
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Variables Entered/Removed®
Model | Variables Variables Method
Entered Removed
1 Total deaths? Enter
a. All requested Variables entered.
b. Dependent Variable: new cases
Model Summary
Model | R R Square | Adjusted | Std. Error of
R Square | the Estimate
1 .974a | .949 .947 1249.02414
a. Predictors: (Constant), total deaths
ANOVAP
Model Sum of squares df Mean F Sig.
Square
1 Regression 1.098E9 1 1.098E9 | 703.792 | .000a
Residual 59282329.761 38 | 15660061.309
Total 1.157E9 39
a. Predictors: (Constant), total deaths
b. Dependent Variable: new cases
Coefficients?
Unstandardized coefficients Standardized
coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 1934.551 540.829 3.577 .001
total deaths 1.039 .039 974 | 26.529 .000
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a. Dependent Variable: new cases

Correlation

New | new Total | Total
cases | deaths | cases deatha
New cases Pearson Correlation 1 .148 .985 974
Sig. (2-tailed) 40 .363 .000 .000
N 40 40 40
New Pearson Correlation .148 1 .204 .248
deaths Sig. (2-tailed) .363 40 .206 123
40 40 40
Total Pearson Correiation .985 .204 1 .988
cases Sig. (2-tailed) .000 .206 40 .000
N 40 40 40
Total Pearson Correiation 974 .248 .988 1
deaths Sig. (2-tailed .000 .123 .000 40

N 40 40 40

** Correlation is significant at the 0.01 level (2-talled)

The above analysis reveals that COVID-19 Patients treating with
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Results

repurposing Drugs survived and the mortality rate decreased.
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Discussion

In this article design, strategies for some of the drugs effective against
COVID-19 are represented also focusing through light on the listing of drugs
that are currently testing under clinical trials for COVID-19 virus with their
mechanism of action. Repurposing drugs may have some side effects
associated with heterocycles and also potentiate the efficiency of the

molecule.
Conclusion

Based on current knowledge concern COVID-19, drugs that combine anti-
inflammatory and antiviral effects and have a favorable adverse effects
profile, should be the most promising strategies to fight this viral infection.
At the starting of pandemic time, repurposing drugs are used that those
already tested on humans. The current situation highlights the urgency for

clinical trials and vaccine development for clinical uses.

The non-therapeutic approaches as effective measures to control disease
spread. These may include social distancing, using a mask, improving
immunity, taking proteinaceous food, washing hands, and quarantine of

suspects.
Acknowledgement

It is my proud privilege to release the feelings of my gratitude to several

persons who helped me directly or indirectly to conduct this project.

I am highly indebted to my mentor DR.C. VIJAYALAKSHMI for her
guidance and constant supervision as well as providing necessary information

regarding the project and also for her support in completing the project.

I am very much grateful to my beloved parents and sisters for their
constant support and encouragement which helped me in the completion of

my project.

I express my deep sense of gratitude, love and affection to my husband
Mr. A. Ramachandra for his kind co-operation, constant support and strength

in achieving my goal.

Advances and Applications in Mathematical Sciences, Volume 21, Issue 4, February 2022



1630 S. VIJAYALAKSHMI

My heartful thanks to my dearest friend Dr. G. Vasundhara for her moral
support, valuable suggestions, priceless tips and everlasting encouragement
at various stages of research work.

The study has indeed helped me to explore more knowledgeable avenues

related to my topic and I am sure it will help me in my future.

References

[1] The epidemiology and pathogenesis of coronavirus disease (COVID-19) outbreak, Hussin
A. Rothan and Siddappa N. Byrareddy, dJournal of Autoimmunity,
(https://doi.org/10.1016/j.jaut.2020.102433).

[2] Research and Development on Therapeutic Agents and Vaccines for COVID-19 and
Related Human Corona virus Diseases Cynthia Liu*, Qionggiong Zhou, Yingzhu Li,
Linda V. Garner, Steve P. Watkins, Linda J. Carter, Jeffrey Smoot, Anne C. Gregg,
Angela D. Daniels, Susan Jervey, and Dana Albaiu
(https://doi.org/10.1021/acscentsci.0c00272).

[8] Pneumonia of unknown a etiology in Wuhan, China: potential for international spread
via commercial air travel Isaac I Bogoch, Alexander Watts, Andrea Thomas-Bachli,
Carmen Huber, Moritz U G Kraemer, Kamran Khan
(https://doi.org/10.1093/jtm/taaa008).

[4] Corona virus disease (COVID-19) Weekly Epidemiological Update and Weekly
Operational Update (https://www.who.int/docs/default-source/coronaviruse/situation-
reports/20200321-sitrep-61-covid-19.pdf?sfvrsn=ce5callc_2).

[6] National Center for Advancing Translational Sciences
(https://ncats.nih.gov/files/NCATS-2017-2018.pdf).

[6] Corona virus puts drug repurposing on the fast track
(https://www.nature.com/articles/d41587-020-00003-1).

[71 An Introduction to Drug Disposition: The Basic Principles of Absorption, Distribution,
Metabolism, and Excretion dJohn Caldwell, Iain Gardner, Nicola Swales
(https://doi.org/10.1177/019262339502300202).

[8] Corona virus vaccine frontrunners: Vaccine candidates that are most promising
(https://timesofindia.indiatimes.com/life-style/health-fitness/health-news/coronavirus-
vaccine-frontrunners-vaccine-candidates-that-are-most-
promising/photostory/77179309.cms).

[9] Effectiveness of convalescent plasma therapy in severe COVID-19 patients View ORCID
Profile Kai Duan, Bende Liu, Cesheng Li, View ORCID ProfileHuajun Zhang, Ting Yu,
View ORCID ProfileJieming Qu, View ORCID ProfileMin Zhou, View ORCID ProfileLi
Chen, Shengli Meng, Yong Hu, Cheng Peng, Mingchao Yuan, View ORCID ProfileJinyan
Huang, Zejun Wang, Jianhong Yu, Xiaoxiao Gao, Dan Wang, View ORCID ProfileXiaoqi
Yu, View ORCID ProfileLi Li, Jiayou Zhang, Xiao Wu, Bei Li, View ORCID

Advances and Applications in Mathematical Sciences, Volume 21, Issue 4, February 2022



(10]

(11]

(12]

(13]

IMPLEMENTATION OF FUNCTIONAL GROUP ANALYSIS OF ...1631

ProfileYanping Xu, Wei Chen, Yan Peng, Yeqin Hu, Lianzhen Lin, Xuefei Liu, Shihe
Huang, Zhijun Zhou, Lianghao Zhang, Yue Wang, Zhi Zhang, Kun Deng, Zhiwu Xia, Qin
Gong, Wei Zhang, Xiaobei Zheng, Ying Liu, Huichuan Yang, Dongbo 15 Zhou, Ding Yu,
Jifeng Hou, Zhengli Shi, Saijjuan Chen, Zhu Chen, Xinxin Zhang, and View ORCID
ProfileXiaoming Yang (https://www.pnas.org/content/117/17/9490).

In silico studies on therapeutic agents for COVID-19: Drug repurposing approach a L. dJ.
Institute of Pharmacy, S. G. Highway, Sanand Circle, Sarkhej, Ahmedabad, Gujarat
382210, India b Registered Research Scholar K B Institute of Pharmaceutical Education
and Research, Gandhinagar, Gujarat 382023, India

(https://doi.org/10.1016/.1fs.2020.117652).

A. Carlesso, C. Chintha and A.M. Gorman, et al., Merits and pitfalls of conventional and
covalent docking in identifying new hydroxyl aryl aldehyde like compounds as human
IRE1 inhibitors, Sci. Rep. 9 (2019) 3407. (https://www.nature.com/articles/s41598-019-
39939-2).

Recent progress and challenges in drug development against COVID-19 corona virus
(SARS-CoV-2) - an update on the status Tarek MohamedAbd El-AzizabJames D.
Stockanda (https://doi.org/10.1016/j.meegid.2020.104327).

Chloroquine and hydroxychloroquine in corona virus disease 2019 (COVID-19). Facts,
fiction and the hype: a critical appraisal Author links open overlay panel Mohammad
Sultan Khuroo (https://doi.org/10.1016/j.ijantimicag.2020.106101).

[14] Du YX, Chen XP (April 2020). Favipiravir: pharmacokinetics and concerns about clinical

(15]

(16]

(17]

(18]

(19]

(20]

trials for 2019-nCoV infection. Clinical Pharmacology and Therapeutics.
doi:10.1002/cpt.1844. PMID 32246834.

Jump up to:a b ¢ d e Shiraki K, Daikoku T (February 2020). Favipiravir, an anti-
influenza drug against life-threatening RNA virus infections. Pharmacology &
Therapeutics: 107512. doi:10.1016/j.pharmthera.2020.107512. PMC 7102570. PMID
32097670.

EJ Lane (June 22, 2016). Fuyjifilm in Avigan API license with Zhejiang Hisun
Pharmaceuticals. Fierce Pharma. Retrieved April 20, 2020.

https://www.business-standard.com/article/companies/glenmark-launches-covid-19-drug-
fabiflu-priced-at-rs-103-per-tablet- 120062000872_1.html

Veklury EPAR. European Medicines Agency (EMA). 23 June 2020. Retrieved 6 July
2020. This article incorporates text from this source, which is in the public domain.

Gilead Announces Approval of Veklury (remdesivir) in Japan for Patients With Severe
COVID-19 (Press release). Gilead Sciences. 7 May 2020. Retrieved 25 June 2020-via
Business Wire.

Scavone C, Brusco S, Bertini M, Sportiello L., Rafaniello C, Zoccoli A, et al. (April 2020).
Current pharmacological treatments for COVID-19: What’s next?. British Journal of
Pharmacology. do0i:10.1111/bph.15072. eISSN 1476-5381. PMC 7264618. PMID
32329520.

Advances and Applications in Mathematical Sciences, Volume 21, Issue 4, February 2022



1632

(21]
(22]

(23]

(24]

(25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

S. VIJAYALAKSHMI

Remdesivir. Drugs.com. 20 April 2020, Retrieved 30 April 2020.

Mehta N, Mazer-Amirshahi M, Alkindi N, Pourmand A (July 2020). “Pharmacotherapy
in COVID-19; A narrative review for emergency providers”. The American Journal of
Emergency Medicine. 38 (7): 1488-1493. doi:10.1016/j.ajem.2020.04.035. eISSN 0735-
6757. PMC 7158837. PMID 32336586.

India approves emergency use of remdesivir to treat Covid-19 patients, The Times of
India, Gurgaon, Haryana, India: Times Internet, Reuters, Retrieved 2 June (2020).

Singapore approves remdesivir drug for emergency COVID-19 treatment. Reuters. 10
June 2020. Retrieved 10 June 2020.

Remdesivir EUA Letter of Authorization (PDF), U. S. Food and Drug Administration
(FDA), Retrieved 1 May 2020, This article incorporates text from this source, which is in
the public domain.

Corona virus (COVID-19) Update: FDA Issues Emergency Use Authorization for
Potential COVID-19 Treatment (Press release), U. S. Food and Drug Administration
(FDA) Retrieved 1 May (2020).

Japan approves remdesivir for COVID-19 despite uncertainties, The Asahi Shimbun. 8
May 2020, Retrieved 9 May 2020.

Australia’s first COVID treatment approved. Therapeutic Goods Administration (TGA)
(Press release), 10 July 2020, Retrieved 11 July 2020.

Roberts M (26 May 2020), Anti-viral drug that speeds recovery offered by NHS. BBC
News Online, Retrieved 26 May 2020.

Corona Virus COVID-19 (SARS-CoV-2), Johns Hopkins ABX Guide, Retrieved 12 April
2020, Remdesivir: Likely the most promising drug.

Fact Sheet for Patients and Parent/Caregivers Emergency Use Authorization (EUA) Of
Remdesivir For Coronavirus Disease 2019 (COVID-19) (PDF), U. S. Food and Drug
Administration (FDA), Retrieved 8 May 2020.

Yan VC, Muller FL. (14 May 2020), Gilead should ditch remdesivir and focus on its
simpler and safer ancestor, Stat, Boston Globe Media Partners.

Stephens B (18 April 2020), The Story of Remdesivir, The New York Times. p. A23.
Retrieved 11 May 2020.

Warren TK, Jordan R, Lo MK, Ray AS, Mackman RL, Soloveva V, et al. (March 2016).
Therapeutic efficacy of the small molecule GS-5734 against Ebola virus in rhesus
monkeys, Nature, 531 (7594): 381-5. Bibcode:2016Natur.531..381W.
doi:10.1038/mature17180. PMC 5551389. PMID 26934220.

Y. Wang, D. Zhang G. Du, R. Du, J. Zhao, Y. Jin et al. (May 2020), Remdesivir in adults
with severe COVID-19: a randomised, double-blind, placebo-controlled, multicentre trial.
Lancet, 395 (10236): 1569-1578. doi:10.1016/S0140-6736(20)31022-9. PMC 7190303.
PMID 32423584.

Frequently Asked Questions on the Emergency Use Authorization for Remdesivir for
Certain Hospitalized COVID-19 Patients (PDF), U. S. Food and Drug Administration

Advances and Applications in Mathematical Sciences, Volume 21, Issue 4, February 2022



(37)

(38]

(39]

[40]

[41]

[42]

(43]

[44]

[45]

[46]

[47]

(48]

IMPLEMENTATION OF FUNCTIONAL GROUP ANALYSIS OF ...1633

(FDA), 1 May 2020, Retrieved 1 May 2020, This article incorporates text from this
source, which is in the public domain.

Oseltamivir Phosphate Monograph for Professionals, The American Society of Health-
System Pharmacists, Archived from the original on 13 May 2016, Retrieved 8 January
2017.

CDC Recommendations for Influenza Antiviral Medications Remain Unchanged. U. S.
Centers for Disease Control and Prevention (CDC), 10 April 2014, Archived from the
original on 18 January 2017, Retrieved 16 January 2017.

European Centre for Disease Prevention and Control (2 June 2014), New and updated
evaluations of neuraminidase inhibitors for preventing and treating influenza published.
Archived from the original on 2014-11-02.

Amantadine, oseltamivir and zanamivir for the treatment of influenza, National
Institute for Health and Care Excellence (NICE), 25 February 2009, Archived from the
original on 18 January 2017, Retrieved 16 January 2017.

IDSA Continues to Recommend Antivirals for Influenza, Archived from the original on
24 April 2014, Retrieved 24 April 2014.

Brownlee S (19 February 2013), Tamiflu: Myth and Misconception, The Atlantic.
Archived from the original on 29 December 2014, Retrieved 7 December 2014.

D. Butler (April 2014), Tamiflu report comes under fire, Nature, 508 (7497): 439—40.
Bibcode:2014Natur.508..439B. doi:10.1038/508439a. PMID 24759392.

B. Michiels Van K. Puyenbroeck, V, Verhoeven E. Vermeire S. Coenen, (2013), Jefferson
T (ed.), The value of neuraminidase inhibitors for the prevention and treatment of
seasonal influenza: a systematic review of systematic reviews, PLOS ONE. 8 (4): e60348.
Bibcode:2013PL0S0...860348M. doi:10.1371/journal.pone.0060348. PMC 3614893. PMID
23565231.

MH. Ebell M. Call J. Shinholser (April 2013). Effectiveness of oseltamivir in adults: a
meta-analysis of published and unpublished clinical trials, Family Practice. 30 (2): 125-
33. doi:10.1093/fampra/cms059. PMID 22997224.

GN. Okoli, HE. Otete and CR. Beck Nguyen-Van-Tam JS (9 December 2014), Use of
neuraminidase inhibitors for rapid containment of influenza: a systematic review and
meta-analysis of individual and household transmission studies, PLOS ONE. 9 (12):
e113633.  Bibcode:2014PL0SO0...9k36330.  doi:10.1371/journal.pone.0113633. PMC
4260958. PMID 25490762.

K. Wang M. Shun-Shin P. Gill R. Perera and A. Harnden, (April 2012), Harnden A (ed.).
Neuraminidase inhibitors for preventing and treating influenza in children (published
trials only), The Cochrane Database of Systematic Reviews, 4 (4): CD002744.
doi:10.1002/14651858.CD002744.pub4. PMC 6599832. PMID 22513907.

T. Jefferson, M. Jones, P. Doshi, EA. Spencer, I. Onakpoya and CJ. Heneghan (April
2014), Oseltamivir for influenza in adults and children: systematic review of clinical
study reports and summary of regulatory comments, BMJ. 348: g2545.
doi:10.1136/bmj.g2545. PMC 3981975. PMID 24811411.

Advances and Applications in Mathematical Sciences, Volume 21, Issue 4, February 2022



1634

[49]

(50]

[51]

(52]

(53]

[54]
(53]
[56]

[57]

(58]

(59]

(60]

(61]

(62]

(63]

S. VIJAYALAKSHMI

Agrawal R, Rewatkar PV, Kokil GR, Verma A, Kalra A (July 2010), Oseltamivir: a first
line defense against swine flu. Medicinal Chemistry, 6 (4): 247-51.
d0i1:10.2174/1573406411006040247. PMID 20843284.

World Health Organization (2017), The selection and use of essential medicines: report
of the WHO Expert Committee, 2017 (including the 20th WHO Model List of Essential
Medicines and the 6th Model List of Essential Medicines for Children). Geneva: World
Health Organization. hdl:10665/259481. ISBN 9789241210157. WHO technical report
series;1006. License: CC BY-NC-SA 3.0 IGO.

Ebell, Mark H (12 July 2017), WHO downgrades status of oseltamivir, BMdJ: j3266.
do0i:10.1136/bm;j.j3266.

The FDA approves first generic version of widely used influenza drug, Tamiflu. U. S.
Food and Drug Administration (FDA), 4 August 2016, Archived from the original on 8
August 2016, Retrieved 6 August 2016.

Drugs@FDA: FDA-Approved Drugs, U. S. Food and Drug Administration (FDA),
Retrieved 9 January 2020.

The Top 300 of 2020, ClinCalc. Retrieved 22 December 2018.
Oseltamivir Phosphate - Drug Usage Statistics, ClinCalc. Retrieved 11 April 2020.

Oseltamivir (Tamiflu), Use During Pregnancy. Drugs.com. Archived from the original on
9 September 2017, Retrieved 16 January 2017.

Roche - Doing now what patients need next (PDF). Archived from the original (PDF) on
2005-11-03.

S. Rossi, editor, Australian Medicines Handbook 2006, Adelaide: Australian Medicines
Handbook; 2006.

T. Jefferson, MA. Jones, P. Doshi, CB. Del Mar, R. Hama, MdJ. Thompson, et al. (April
2014), Neuraminidase inhibitors for preventing and treating influenza in healthy adults
and children, The Cochrane Database of Systematic Reviews, 4 (4): CDO008965.
doi:10.1002/14651858.CD008965.pub4. PMC 6464969. PMID 24718923.

FDA Approves a Second Drug for the Prevention of Influenza A and B in Adults and
Children FDA press release March 29, 2006. FDA.

B. Michiels, K. Van Puyenbroeck, V. Verhoeven, E. Vermeire and S. Coenen (2013), The
value of neuraminidase inhibitors for the prevention and treatment of seasonal
influenza: a systematic review of systematic reviews. PLOS One. 8 (4): e60348.
Bibcode:2013PL0S0...860348M. doi:10.1371/journal.pone.0060348. PMC 3614893. PMID
23565231.

2008-2009 Influenza Season Week 32 ending August 15, 2009, Flu Activity &
Surveillance. Centers for Disease Control and Prevention (CDC), August 21, 2009.

Hu, Y.; Lu, S.; Song, Z.; Wang, W.; Hao, P.; Li, J.; Zhang, X.; Yen, H. L.; Shi, B.; Li, T.;
Guan, W.; Xu, L.; Liu, Y.; Wang, S.; Zhang, X.; Tian, D.; Zhu, Z.; He, J.; Huang, K ;
Chen, H.; Zheng, L.; Li, X.; Ping, J.; Kang, B.; Xi, X.; Zha, L.; Li, Y.; Zhang, Z.; Peiris, M.;
Yuan, Z. (2013). Association between adverse clinical outcome in human disease caused

Advances and Applications in Mathematical Sciences, Volume 21, Issue 4, February 2022



(64]

[65]

(66]

[67]

(68]

(69]

[70]
[71]

[72]

(73]

[74]

(78]

IMPLEMENTATION OF FUNCTIONAL GROUP ANALYSIS OF ...1635

by novel influenza a H7N9 virus and sustained viral shedding and emergence of
antiviral resistance, The Lancet. 381 (9885): 2273-2279. do0i:10.1016/S0140-
6736(13)61125-3. PMID 23726392.

Hayden FG (December 2001), Perspectives on antiviral use during pandemic influenza.
Philosophical Transactions of the Royal Society of London. Series B, Biological Sciences.
356 (1416): 1877—84. doi:10.1098/rstb.2001.1007. PMC 1088564. PMID 11779387.

FDA Approves a Second Drug for the Prevention of Influenza A and B in Adults and
Children. FDA press release.

Safe and Appropriate Use of Influenza Drugs, Public Health Advisories (Drugs), U. S.
Food and Drug Administration (FDA), April 30, 2009, Archived from the original on
2009-11-04, Retrieved 2009-11-11.

https://www.fda.gov/Safety/MedWatch/SafetyInformation/Safety
AlertsforHumanMedicalProducts/ucm186081.htm

B, Freund, S, Gravenstein, M. Elliott and I. Miller, (Oct 1999). Zanamivir: a review of
clinical safety. Drug Safety. 21(4) 267-81.

T. Jefferson, MA. Jones, P. Doshi, CB. Del Mar, R. Hama, MJ. Thompson, EA. Spencer,
I. Onakpoya, KR. Mahtani, D. Nunan, J. Howick and CJ. Heneghan, (10 April 2014).
Neuraminidase inhibitors for preventing and treating influenza in healthy adults and
children (PDF). The Cochrane Database of Systematic Reviews. 4 (4): CD008965.
doi:10.1002/14651858.CD008965.pub4. PMC 6464969. PMID 24718923.

FDA Approved Drug Products: Kaletra. Retrieved 30 April 2004.

Fischer, Jnos, Ganellin and C. Robin, (2006). Analogue-based Drug Discovery. John
Wiley & Sons. p. 510. ISBN 9783527607495.

Kaletra-lopinavir and ritonavir tablet, film coated Kaletra-lopinavir and ritonavir
solution. Daily Med. 26 December 2019, Retrieved 18 March 2020.

L. Zhang, Y. Zhang SM. Huang, (19 October 2009), Scientific and regulatory perspectives
on metabolizing enzyme-transporter interplay and its role in drug interactions:
challenges in  predicting drug  interactions, Molecular ~ Pharmaceutics.
do0i:10.1021/mp900132e. PMID 19839641 6(6) 1766-74.

FDA Issues Safety Labeling Changes for Kaletra, Medscape, 10 April 2009, Archived
from the original on 10 September 2017, Retrieved 18 March 2020.

Kaletra (lopinavir/ritonavir): Label Change-Serious Health Problems in Premature
Babies. Drugs.com. Archived from the original on 11 March 2011.

Advances and Applications in Mathematical Sciences, Volume 21, Issue 4, February 2022



