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Abstract

Background: Due to the migratory flow of infected people with severe acute respiratory syndrome virus (SARS COV-
2), the number of confirmed cases of coronavirus disease 2019 (COVID-19) is accelerating globally; preclinical evi-
dence of antiviral agents that can combat this pandemic is still elusive. We identified published articles on SARS-COV
efficacy experiments in which some selected compounds were used to test the reduction of the virus load in mice.
Methods: A systematic search of articles was conducted in PubMed, Web of Science, and Scopus. We then developed a
combined model based on a systematic review, meta-analyses, and molecular docking studies to evaluate the effect size
of preclinical studies of compounds that have been tested against SARS-COV. Because substantial heterogeneity was
expected, random effect model meta-analyses were carried out to estimate the overall pooled disease’s prevalence. All
meta-analyses were performed with Stata version 15.0. Subgroup analyses on therapies were conducted as well. Molecu-
lar docking studies of the inhibitors in the active pocket of COVID-19 protease were also performed.

Results: From all screened articles, six studies were appropriate for ultimate meta-analysis and systematic review. The
residual amount of heterogeneity was high (7> =0.02; heterogeneity 1> =85.5 % with heterogeneity chi-square =103.57,
a degree of freedom =15, and p <0.001). The overall random pooled prevalence of infected mice treated with the selected
compounds was 78.1 % [95 % Confidence Interval (CI): 14.7-17.0 %]. Prophylactic has a significantly higher pooled
prevalence than therapeutic, with 21.8 % (95 % CI: 16.4 % to 28.8 %). Our results indicated that most of the SARS-COV
inhibitors analyzed were less effective in reducing the lung virus titer of SARS-COV infection in animal models. The
findings from molecular docking studies also identified COVID-19 inhibitors that are good for optimization and drug
development to fight against COVID-19 infection.

Conclusions: Findings from the review showed that studies on the preclinical compounds targeting SARS-COV and
COVID-19 are limited. Furthermore, molecular docking studies and meta-analysis results substantiated three com-
pounds, i.e., EIDD-2801, GS-5734, and amodiaquine. HIPPOKRATIA 2020, 24(3): 99-106.
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Introduction

The coronavirus disease originated in 2019 (also referred to
as COVID-19) is an emerging infectious disease caused by severe
acute respiratory syndrome coronavirus 2 (SARS-COV-2). The
global pandemic disease which sprung forth from Wuhan City, in
the Hubei Province of China, was first reported by the World Health
Organization (WHO) on December 31, 2019. Globally, the estimate
of SARS-COV-2 on April 7, 2020, indicated that ~1.4 million peo-
ple were infected, and 75,933 deaths had been recorded. Meanwhile,
the migratory flow of infected people has accelerated the spread of
the virus, especially in the United States of America, Spain, Italy
and United Kingdom which led to mandatory isolation quarantine
across the globe. Moreover, the outbreak of COVID-19 infection is
not effectively controlled due to its strong capacity of transmission:
i) human to human, i.e., proximity with infected people via respira-

tory droplets from cough or sneezing, ii) touching the surface or ob-
ject contaminated with the virus and later on touching their mouth,
nose, or eyes, and iii) aerosol transmission'’. Consequently, the
aftermath could potentially threaten worldwide health systems and
negatively influence the global economy®!!. Heshui et al noted that
older people and those with an underlying illness such as chronic
pulmonary disease and diabetes are more susceptible to COVID 19
infection®. In another study, Ying and co-workers reported that many
patients with underlying cardiovascular diseases (CVDs) might
have an increased risk of death'?. Additionally, the expert consensus
statement released by Yen et al reviewed that no positive cases of
newborns have been reported yet, and infected children show symp-
toms such as; fever, dry cough, and fatigue, and few have upper res-
piratory tract infection'®. Due to a rapid increase in confirmed cases,
COVID-19 has been considered a menace to humankind. Hence, an
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urgent need for drastic measures is required to design and develop
an antiviral agent that can target COVID-19 so that treatment can be
timely and expeditious while reducing the mortality rate'.

Severe acute respiratory syndrome virus (SARS-
COV) and Middle East respiratory syndrome virus
(MERS-COV) are in the same class of betacoronavirus
alongside SARS-COV-2. SARS-COV main protease,
3CLpro, also referred to as MP©, is a homodimer with
three structural domains: domain I, II, and III and highly
conserved among SARS-COV and MERS-COYV, display-
ing 40-44 % sequence homology'>!*!1>, Whereas 3CLpro
protease of SARS-COV-2 share over 95 % of sequence
similarity with those of the SARS-COV. These two vi-
ruses demonstrated only 79 % sequence similarity at the
genome level and similar active sites®'*!°. Also, 3CLpro
plays a crucial role as functional intermediates involved
in the replication and transcription of viral RNA, which
makes it turn-out as the most potential attractive anti-
coronavirus target?*-22,

Unfortunately, at the time this review was conducted,
there is only one approved vaccine to combat COVID-19.
This has caused a global race for researchers and scien-
tists to develop a useful, bioavailable antiviral agent with
minimal side effects to fight COVID-19. To support the
ongoing research and development efforts to discover ef-
fective agents that can target coronavirus. We used a com-
bined method, including systematic review, meta-analy-
ses, and molecular docking studies of selected preclinical
(in vivo) compounds (Figure 1) targeting SARS-COV to
identify active compounds with possibilities of combat-
ing COVID-19 infection®. Meta-analyses were used to
calculate the effect size by exploring the experimental
models’ main characteristics, virus strains, and the lung
virus titer since clinical decisions should be based on
the best evidence’s totality results of individual studies.
Combining the in silico method, we also explored to what
level the effect size attained for each compound could
be explained by disparities in chemical structures, mo-
lecular interactions, and the rate of SARS-COV inhibi-
tion. Hence, meta-analyses on the preclinical studies and
molecular docking studies were accomplished to analyze
and obtain SARS-COV inhibitors that can be optimized
to combat COVID-19 infection.
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Figure 1: Structures of compounds evaluated for efficacy of
SARS-COV in the animal models.

Materials and methods

Search Strategies

The search strategy was based on the methodological
framework suggested by Moher and colleagues, namely,
Preferred Reporting Items for Systematic Review and Me-
ta-Analysis (PRISMA)?. The meta-analysis of preclinical
evidence of SAR-COV inhibitors was initiated with fo-
cus incline keywords using search words: ‘SARS-COV’,
‘SARS’, ‘COVID-19 OR COVID-19 infection’, ‘corona-
virus’, ‘severe acute respiratory syndrome virus’, OR ‘in
vivo’, ‘SARS-COV main protease’, ‘protease’, ‘preclinical
evidence’, ‘animal model’, mice, ‘SARS-COV inhibitors’,
‘mouse’, and ‘BALB/c’. The search was carried out in
three electronic databases: PubMed, Web of Science, and
Scopus. The entire databases were searched until April 5,
2020, and all relevant studies were recovered and included
in the systematic review and meta-analysis. The criteria
“filtered results’ was applied to exclude conference pro-
ceedings, review articles, and book chapters.

Study Selection and Eligibility Criteria

In the systematic review and meta-analysis, we in-
cluded published studies that are preclinical (in vivo) evi-
dence of SARS-COV agents, regardless of the country.
The included studies were published in an English lan-
guage reputable journal. Since the number of articles on
preclinical (in vivo) evidence on the SARS-COV agent is
relatively small, no restrictions were made for publica-
tion dates. The exclusion criteria include i) no full-text
available, ii) secondary studies (i.e., editorials, com-
mentaries, letters to the editor and articles blog), iii) da-
tabased and epidemiological reports, iv) studies without
control groups, v) experimental studies investigating in
vitro and human systems, and vi) studies without SARS-
COV strains.

Selections of the Studies

The study selection process is shown in Figure 2. All
citations (n =225) identified through our search strategy
were imported into EndNote version X7 (Clarivate Analyt-
ics, Philadelphia, PA, United States) reference management
software and used the automated “Find Duplicates” function
to exclude duplicates. The title and abstracts of the 225 ar-
ticles were assessed by two reviewers (OE & REO).

Data Extraction

A standardized and pre-piloted checklist was used
to extract the required information. Data were extracted
on i) publication characteristics, ii) experimental design
(animal models and disease models): species, linage,
sex, age, and weight, virus species and strain, route of
inhibitors administration, and iii) research outcomes (vi-
rus titer, histopathological, immunological maker, find-
ings and mortality). Only the outcomes of the final tests
were included in case they were performed at different
points. Only the data of the highest dose of the inhibitors
in the experimental group of animals were included. The
mean and standard deviation (mean = SD) were directly
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Figure 2: Flow diagram of the database searches and inclu-
sion/exclusion process.

extracted when available in the tables or text, and val-
ues reported in graphics were extracted with an image
analysis software program (Image-Pro Plus 4.5, Media
Cybernetics, Bethesda, Maryland, USA).

Data Analysis and Synthesis

The data extracted were captured into an excel spread-
sheet and later imported to Stata/IC software, version 15.0
(StataCorp LLC, College Station, Texas, USA) for further
analysis. An essential statistical issue in meta-analysis is
the handling of heterogeneity among studies. We evaluated
heterogeneity with DerSimonian and Laird I* statistics for
each analysis category?. Funnel plots assessed the visual
assessment of publication bias. A Begg-adjusted rank cor-
relation test was also used to check for publication bias.
If these tests showed non-significant heterogeneity, we
used a fixed-effects model; otherwise, a more conservative
random-effects model was used®. Because substantial het-
erogeneity was expected, a random-effects meta-analysis
was done to estimate heterogeneity being taken from an in-
verse-variance model. Between studies, heterogeneity was
assessed using I?, which estimated the percentage of total
variation across studies and Cochran’s Q method. I? values
of 25 %, 50 %, and 75 % were considered low, moderate,
and high heterogeneity, respectively?**. According to the
heterogeneity of studies, subgroup analysis was conducted
and stratified the studies according to prophylactic and
therapeutic therapies.

Molecular Docking

We performed molecular docking analysis to explore
the SARS-COV agents’ binding pattern into the binding
site of COVID-19 main protease. We retrieved the X-
ray crystal structure of COVID-19 main protease (PDB
ID: 6lu7) from RCSB Protein Data Bank?’. We prepared
the ligand and receptor complexes for docking using
Autodock vina. We used the Chem3D Ultra to construct a

three-dimensional structure for all the study compounds,
followed by structure optimization. We used AutoDock
Tools (V 1.5.6) to establish grid box parameters; we
merged all non-polar hydrogens, added Gasteiger partial
atomic charges, assigned and rotatable bonds?. The grid
box of the complex had a grid spacing of 0.375 A. The
grid center and grid size were set: X =40/-20,Y =31/13,Z
=65/47 A. Ligand-receptor interaction of the ligands was
after that simulated into the binding site of COVID-19
main protease. The resulting docking studies were vali-
dated by redocking the native ligand of the protein crystal
structures into the binding site. Analysis and visualiza-
tion of binding interactions in the protein-ligand complex
were achieved using Discovery Studio Visualizer soft-
ware developed by Accelrys (Dassault Systemes, BIO-
VIA Corp., San Diego, CA, USA).

Results

The literature search strategy included 225 articles.
After removing the duplicates, 190 were excluded just by
reading their titles. Of the remaining studies, four were
excluded based on the abstract and the outcome variable.
Hence, the remained six studies were included in the final
analysis (Figure 2).

Characteristics features of the included studies

A total of six studies were included in systematic re-
view and meta-analysis®3. All studies originated from
the United States of America (USA) and utilized mice
and marmosets, but only the analyses with mice are
considered. Besides, none of the studies reported the ap-
proach used to determine the sample size calculation uti-
lized and the order in which the groups were treated. For
the allocation of the administration usage: intraperitoneal
(n =2, 33.3 %); intraperitoneal and intranasal (n =2, 33.3
%); oral (n=1, 16.6 %), and subcutaneous (n =1, 16.7 %).

Features of the animal model

As reported above, all the studies utilized mice as
the animal model. The linage is distributed as follows:
BALB/C (n =4, 66.7 %); C57B46] (n =1, 16.7 %), and
both C57B46] and Ces/”- (n=1, 16.7 %). Four of the stud-
ies (n =4) used female animals, and it represents 66.7 %
of the entire studies while 33.3 % (n =2) of the studies
used animals of both sexes. None of the studies utilized
exclusively male animals. The animals’ age was reported
in weeks, of which each category represented about 17 %.
Three of the studies did not report the age of their animal.
Meanwhile, the animal weight ranged from 11 to 18 g;
animals with weight 11-16 g had the highest proportion
(n=2, 33.3 %), while two of the studies did not report the
weight of the mice. Urbani (n =3, 50.0 %); v2163 (n =1,
16.7 %), and MA15 (n =2, 33.3 %) were the SARS-COV
strains finally used for the in vivo experiment.
Meta-analysis result

We use the standardized mean difference (SMD) for this
meta-analysis. An SMD is adopted regularly in clinical meta-
analyses due to its ability to express the difference between
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the groups relative to the standard deviation. It can be seen
from the result that the test of heterogeneity yields Q =103.57,
degree of freedom (df) =15, resulting in a p-value <0.0001.
This indicates statistically significant heterogeneity among
the sixteen compounds, which leads to the random-effects
model. Using the random-effects model, the combined SMD
=0.781 (95 % CI: 0.147, 1.595) with p-value <0.001, indi-
cating a statistically significant difference between the com-
pounds and control (placebo or vehicle) in terms of virus titer.
Eleven out of the fifteen compounds showed a significant
reduction in virus titer, indicating an effect in favor of treated
animals compared to placebo (Figure 3). Subgroup analysis
by study compounds was conducted to assess the potential
heterogeneity between studies. Out of the two therapies, the
highest estimated of mortality was found in studies with pro-
phylactic [21.8 % (95 % CI: 16.4 % to 28.8 %), I*=64.2 %),
followed by studies conducted with therapeutic, was 10.6 %
(95 % CL: 14.2 %, 22.7 %), I* =0.0 % (Figure 4). Hence, the
overall mortality was reduced in mice treated with the com-
pounds [RR: 1.80 (95 % CI: 1.42,2.27), p=0.020].

%
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Figure 3: Forest plot obtained from meta-analysis compar-
ing the mean difference of virus titer in infected mice treated
with the selected compounds and those untreated (control).
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Figure 4: Forest plot obtained from meta-analysis compar-
ing the mortality in infected mice treated with the selected
compounds.

Discussion

SARS-COV emerged from a zoonotic reservoir and
couple with cytokine, chemokine, and Interferon Stimu-
lated Gene (ISG) responses in patients provided evidence
that SARS-COV pathogenesis is partially controlled by
innate immune signaling®-’. Dysregulation of inflam-
matory cytokines such as tumor necrosis factor (TNF)-a,
interleukin (IL)-1p, IL-6, IL-10, polymorphonuclear neu-
trophil (PMN), and chemokine IL-8 are responsible for
the indication of viral infection. These may be due to acti-
vation of transcription factor nuclear factor (NF)-«xB, ac-
tivator protein (AP)-1, and activating factor-2 (ATF-2)*"
41 These can also be observed in SARS-COV-2. Thus,
identifying specific molecules to destroy the immune
evasion of SARS-COV-2 is very crucial. Systematic or
scoping reviews of preclinical have served as a robust
form of knowledge synthesis to evaluate transparently
experimental therapies for more than a decade*.

Interestingly, this is the first paper using systematic re-
view, meta-analyses, and molecular docking studies to iden-
tify SARS-COV preclinical (in vivo) compounds targeting
COVID-19 main protease to the best of our ability. Further,
the current meta-analysis aimed to estimate the pooled ef-
fect of compounds used to treat infected mice with SARS-
COV. There was scarce data (in vivo) on infected mice with
SARS-COV treated with active compounds. The results
presented in this manuscript were from the analysis of data
obtained through a systematic review of scientific publica-
tions of the efficacy of compounds used to treat infected
mice with SARS-COV until April 5, 2020. The final quan-
titative and meta-analysis were done only on six articles
that met the inclusion criteria. Our findings from the meta-
analysis indicated the impacts of the selected compounds in
reducing the virus titer. The treatment efficacy is represented
by the midpoint and each segment’s length in the forest plot,
while the diamond shape showed the combined effect (Fig-
ure 3). The random-effect meta-analysis result showed high
variability with Higgin’s I?, which indicates that the variabil-
ity between studies was not by chance alone. Because of
the considerable variability between studies, the random ef-
fects meta-analysis weight of studies was nearly equal. This
study’s findings affirmed a higher, statistically significant
pooled effectiveness of compounds used to treat infected
mice with SARS-COV. The effectiveness rate of infected
mice was estimated to be 78.1 %. A possible explanation for
this might be the differences attributed to the sample size,
experimental models’ main characteristics, and the mice’s
virus strains. The articles’ analysis in this domain showed
that the effectiveness rate of infected mice treated with the
selected compounds was higher in prophylactic than the
therapeutic. This inference is reasonable since prophylac-
tic is a preventive measure used to prevent the occurrence
of disease. Nevertheless, further population-based research
would help confirm the difference in the effectiveness of
infected mice treated with the selected compounds against
other infected mice treated based on different compounds
examined in this study and appraise the factors that might
lead to such differences. The histopathology and immu-
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nological outcomes of the selected compounds against the
SARS-COV are detailed in Table 1 below.

Understanding the similarity between the 3CLpro
main protease of SARS-COV and COVID-19, which is
very important in the viral life cycle, has highlighted the
protease as an attractive potential target for anti-corona-
virus drug development*-#*. Besides, they both have cat-
alytic dyad composed of conserved residues His41 and
Cysl145. Considering the explored compounds’ in vivo
activity, their molecular affinity in the COVID-19 main
protease’s binding pocket was evaluated. Only seven out
of the compounds showed good binding energy. They
bind with COVID-19 protease via multiple hydrogen
bonding and hydrophobic contacts. Residues Phel40,
185 Leul41, His163, Met165, Glul66, and His172 form
hydrophobic interactions with the ligands. While Asn142,
Gly143, and Cysl145 form intermolecular H-bond with
the ligands. The binding mode indicates useful clues to
the possible molecular basis of these compounds.

The oxygen atom of the primary hydroxyl functional
group of nucleoside unit B-D-N*-hydroxycytidine (EIDD-
1931; Binding Energy (B.E) =—6.5 kcal/mol) is H-bonded
to Cys145 (bond distance =2.59 A; bond angle 127.7 and

100.5°, respectively) (relevant Figure 1S can be found
in the supplementary material: see Acknowledgement).
Meanwhile, the hydrogen atom is H-bonded Ser144 and
Lel41 (bond distance (b.d) =2.73 and 2.68 A; bond an-
gle =129.1, 114.7, 127.7, and 100.5°, respectively). The
conserved amino acid His41 is sandwiched between the
pyrimidinone ring and the hydroxy amino group via H-
bonding and hydrophobic interaction. The interactions
of 3-Deazaneplanocin (B.E = —6.5 kcal/mol) with the
COVID-19 main protease is described in detail in the
supplementary material (Figure S2: see Acknowledge-
ment). Interestingly, the cyclopentene unit of this com-
pound interacts with Cys145 via H-bonding. In contrast,
an oxygen atom of the primary hydroxy functional group
on the cyclopentene ring formed three outstanding hydro-
gen bonds with a backbone amino acid residue Gly143 and
145 having the bond distance of 2.59 and 2.25 A, respec-
tively. The hydrogen atom formed H-bond interactions
with Ser144 and Leu 141; these interactions were also ob-
served in the docked complex of EP128533. Meanwhile,
the amino acid Thr26 is interpolated between NH2 and
NH functional groups of imidazo[4,5-c]pyridine moiety
(supplementary material). The oxygen atoms on the car-

Table 1: Results obtained in infected mice treated with the selected compound.

Authors Treatment Lung virus titre  Hispathology and immunological findings
Bernard et al. 2006a  Nelfinavir Weakly effective -

B-D-N*-hydroxycytidine In effective -

Calpain inhibitor VI Weakly effective -

Pentoxifylline Weakly effective -

Chloroquine Weakly effective -

Amodiaquine Weakly effective -

3-Deazaneplanocin In effective -

Bernard et al. 2006b ~ Mycophenolic acid Suppressed production of pro-inflammatory
cytokines, nitric oxide, and LDH in
macrophages

Ribavirin Inhibit macrophage production of pro-
inflammatory cytokines and Th2 cytokines
while preserving Th1 cytokine.

EICAR

Mizoribine

Barnard et al. 2008 Promazine Ineffective Reduction in RANTES expression promoting
neutrophil migration to the SARS-COV
infection site. Promazine and its prodrugs
should not be considered potential therapies
for SARS infections.

Craig et.al 2009 Ribavirin Moderately Allowed continual stimulation of the

effective inflammatory response, which may contribute
to pathogenesis. Decreased IL-6 expression

Dipeptidyl Ineffective Neither effective in preventing death nor

glutaminyl reduced the disease signs measured. No
fluoromethylketone evidence of toxicity and lack of activity

(EP128533) may be likely due to bioavailability. Maybe
a foundation for the development of an
effective antiviral prodrug that is soluble and
bioavailable

Sheahan et al. 2017 Remdesivir (GS-5734) Effective Therapeutic administration of
GS-5734 reduced disease and suppressed
replication of SARS-COV during an ongoing
infection. Improve pulmonary function,
reduce viral loads

Sheahan et al. 2020 B -D-N*-hydroxycytidine-5’-  Effective Significantly reduced lung viral loads and

isopropyl ester (EIDD-2801)

improved pulmonary function and weight
loss.
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bonyl group of fluoromethyl ketone and dimethylamine
(EP128533, B.E =-6.9 kcal/mol), dimethylamine forms an
H-bond with the side-chain nitrogen of Gly143 and Thr26,
the F atom formed interaction with Cys145 and Gly143
via H-bonding. The benzyl group in the unit formed in-
teraction with the sulfur of Met165. Also, the carbamate
group fits into a small hydrophobic pocket, which is fa-
vorable for n-c and alkyl interaction between the methy-
lene as well as methyl group and amino acid His41 and
Met49, respectively, whereas the amine group H-bonded
with GIn189. The increase in the inhibitor’s interaction
in the active pocket of COVID-19 protease can be ratio-
nalized to be the reason for the increase in the inhibitor’s
binding affinity (Figure S3: see Acknowledgement). The
amodiaquine docked complex (Figure 5) was similar to
that of EIDD-1931. Chloroquinoline group was inserted in
the hydrophobic pocket consisting of Met165 and His41.
The amino acid Cys145 was H-bonded to the benzyl ring
and the tertiary hydroxyl functional group’s oxygen atom
in the unit. The hydrogen atom formed H-bond, as shown
in Figure 5: the first H-bond is from Leul41 (b.d =1.90
A), the second is from Ser144 (b.d =2.53 A). These two
interactions in the binding pocket help in positioning and
stabilizing the docked complex of amodiaquine. Further-
more, the interactions of nelfinavir (B.E = -8.2 kcal/mol)
in the binding pocket of COVID-19 protease are shown
in the supplementary material (Figure S4: see Acknowl-
edgement). The phenylthiol was deeply inserted within the
hydrophobic pocket and interacted to formed: n-n-T stack-
ing contact with amino acid His41, n-alkyl with Met49,
and m-sulfur with Met165. Moreover, the -CH, group on
hydroxymethylbenzamide interact with His41 and Leu27
via hydrophobic. In contrast, the carbonyl oxygen atom is
involved in the H-bond network with Gly143. Moreover,
Asnl142 formed H-bonding with an amine and hydroxyl
functional group of isoquinoline carboxamide. It was
noted that nelfinavir has the highest binding affinity (-8.2
kcal/mol), which correlates with its highest interaction in
the binding pocket of COVID-19 protease, hence confirm
its highest stabilization compared to other inhibitors. In-
terestingly, the predicted binding mode of remdesivir (B.E
= -7.5 kcal/mol) in Figure 6A showed interaction with the
catalytic dyad. The phenyl moiety formed m-sulfur inter-
action with catalytic amino acid His41 and n-cation with
Met49. All the amines group formed H-bond with amino
acid Thr45, Thr25, and GIn149 (b.d =1.84, 2.34, and 2.53
A, respectively), hydroxyl functional group which is near
Cys145 accept H-bond from Thr26 (2.38 A). Besides, the
methyl group of methyl pentyl acetate formed hydrophobic
interaction with imidazoles of His163 and His172. Remde-
sivir reproduces Adenosine Triphosphate (ATP) structure
and shams as a nucleoside during viral RNA replication
on entry into the cell and further joins to a different RNA
molecule; thus, terminate the replication of viral RNA; this
process is known as chain termination*®. On February 21,
2020, the National Institutes of Health declared the Adap-
tive COVID-19 Treatment Trial (ACTT - NCT04280705),
a double-blind, randomized, placebo-controlled trial. The

optimistic outcomes from remdesivir make the U.S. Food
and Drug released a EUA for the emergency approval of
remdesivir to treat COVID-19 patients in the hospital*’#,

B-D-N*-hydroxycytidine-5'-isopropyl ester (EIDD-
2801), which is also a nucleoside analog, not only showed
high binding but also better interaction compared to 3-D-
N“-hydroxycytidine. Interestingly, the carbonyl oxygen of
EIDD-2801 (B.E = -7.2 kcal/mol) accepts H-bond from
the backbone of amino acids Gly143, Cys145, and Ser144.
The presence of ester in this compound rationalized the
increased inhibitory potency of this compound against
SARS-COV-2. The amino acid, Thr190, was H-bonded
with the hydroxylamine group. Meanwhile, the pyrimidi-
none ring formed hydrophobic interaction with Met165.
Further, the oxygen atom in the nucleoside ring and the pri-
mary hydroxy functional group interacts with Glu166 and
Asn142 via H-bonding (Figure 6B). The preclinical study
detailed a reduction in lung injury and weight loss in mice
12 or 24 hours after the virus infection. Even so, the thera-
peutic gap of prospect for treatment in mice was relatively
narrow. This treatment window will likely be extended in
humans because it takes longer for the disease to improve
in the human system than in mice. EIDD-1931 is orally
bioavailable, compared to remdesivir. Hence, EIDD-2801
serves as a promising antiviral agent for treating COV-
ID-19 infection in the future compared to remdesivir.

A meta-analysis of the preclinical studies and molecu-
lar docking studies results corroborate three compounds:
EIDD-2801, GS-5734, and amodiaquine. This combined
method would help develop primary deterrence policies
in the health care providers to lessen the death rate and
combat this pandemic to save lives using limited re-
sources. Additionally, some limitations must be consid-
ered when interpreting this meta-analysis’s findings due
to the limited information. The implication could lead to
the likelihood of inaccuracies in reporting the effective-
ness of therapies. Using the secondary data of a study as-
sessing a different primary outcome, measurement bias,
and residual confounding will inevitably influence this
meta-analysis. Besides, due to the small sample size of
the studies included and the samples of most of the stud-

Figure 5: Schematic representation of COVID-19 main pro-
tease (PDB: 6LU7) interactions with amodiaquine.

Blue: protein, Grey: ligand, Yellow: hydrophobic interaction,
Green: hydrogen bond
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Figure 6: Schematic representation of COVID-19 main protease (PDB: 6LU7) interactions with compound (A) remdesivir and

(B) EIDD-2801.

Blue: protein, Grey: ligand, Yellow: hydrophobic interaction, Green: hydrogen bond

ies not being population-based, the effectiveness estimate
is disposed to be unstable. The other constraint observed
was that published articles in English only were included
in the meta-analysis. However, we only performed sub-
group analysis on therapies; subgroup analyses on other
modifiable risk factors could not be performed due to the
included studies’ limited information. Another curb is
that this meta-analysis included only published articles;
thus, publication bias may exist. Like other systematic
reviews, a comprehensive review of available literature
provides a systematic identification of gaps and limita-
tions, leading to improved future research designs.

Conclusion

Systematic reviews and meta-analyses are essential
to accurately summarize evidence relative to drug de-
velopment, efficacy, and healthcare interventions safety.
This manuscript used systematic review, meta-analysis,
and molecular docking studies to gather and analyze the
preclinical evidence on SARS-COV inhibitors’ effect in
coronavirus infections. The result indicated that the iden-
tified studies’ significant methodological limitations were
centered on scarce data from the experimental designs as
well as the outcome measures. Using more thorough and
controlled studies appears possible. Our meta-analysis
showed the overall effect in the reduction of virus titer
and mortality in SARS-COV infected animals. Ribavirin
was the most studied compound but was less active com-
pared to EIDD-2801, GS-5734, and amodiaquine.

Further, optimization of the docked compounds as
a molecular scaffold to synthesis more active structures
using molecular synthesis or library screening of these
compounds could be a reasonable strategy or approach
in the development of new antiviral agents that targets
COVID-19 infection. A meta-analysis of the preclinical
studies and molecular docking studies results corroborate
three compounds: EIDD-2801, GS-5734, and amodia-
quine. This combined method would help develop pri-
mary deterrence policies in the health care providers to
lessen the death rate and combat this pandemic to protect
the survival of the human race using limited resources.
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