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Abstract
There is a major need for antiviral drugs that are
efficacious and usable for treatment of SARS-CoV-2,
SARS-CoV-1, and MERS-CoV infections.
One drug with strong potential to join this limited subset
of efficacious in vivo oral antivirals, is Pyronaridine
tetraphosphate. It has now been shown to have both in
vitro and in vivo efficacy in A549 cells and K18 mice
respectively by functioning as a protease inhibitor of
PLpro. In our studies, Pyronaridine treatment showed
significant reductions in lung inflammatory pathology,
pro inflammatory cytokine and chemokine levels, and
weight loss seen in the mouse model associated with
severity of disease in three highly pathogenic
coronavirus models. Additionally, we found that when
Pyronaridine treatment was combined with Molvupiravir
and Nirmatrelvir in a SARS-CoV-2 in vivo model there
was evidence of a synergistic effect that further dropped
viral titers, inflammatory lung pathology, and
inflammatory cytokine and chemokine levels.
These results indicate that Pyronaridine represents a
strong potential therapeutic candidate for COVID-19
treatment individually, or in combination with other
approved antivirals as well as a potential therapeutic
option for treatment of other pathogenic coronaviruses
such as SARS1 and MERS.

RESULTS

SARS-CoV-2/B.1.351
10 week old Balb/C mice infected with 105 PFU of
B.1.351(Beta)

In order to test the efficacy of Pyronaridine , we administered the
drug to mice orally once a day with virus challenges including
B.1351 (Beta variant), BA.1 (Omicron variant), MA10 (Mouse
adapted SARS-CoV-2), and MA15 (Mouse adapted SARS-CoV-1).

Lung viral titer measured by plaque assay and visualized by Nucleocapsid
immunostaining

Introduction
Through studies and collaborations around the world, a
number of drugs have been identified to interact with
SARS-CoV-2 that have led to repurposing of existing
drugs such as Remdesivir, which had initially been
tested for Ebola virus and other coronaviruses. Finding
existing drugs with efficacy against SARS-CoV-2
represents the fastest and most cost effective method
for improving treatment of COVID-19 patients available.
Previously, Pyronaridine tetraphosphate was identified
using a large scale machine learning model that collated
various in vitro drug screens and thousands of FDA
approved compounds for potential efficacy against
SARS-CoV-2.This drug is on the WHO essential
medicines list due to its use as an antimalarial drug in
combination with Artensuate known as PyraMax.
This compound, along with other hits was tested in vitro
and displayed a strong antiviral effect that merited
investigation in vivo. Multiple mechanisms responsible
for this efficacy have been explored with the leading
hypothesis involving the observed inhibition of the
Coronavirus protease PL pro, representing a different
target from the protease inhibitor utilized in Pfizer's FDA
approved Paxlovid which target Mpro.
In our studies we tested the efficacy of Pyronaridine in
mouse models of various SARS-CoV-2 variants of
concern including Omicron (BA.1), Beta (B.1.351), as
well as MA-10 mouse adapted SARS-CoV-2, MA-15
mouse adapted SARS-CoV-1, and mouse adapted MERS.
Additionally, we investigated this drug in combination
with currently approved therapeutics Molnupiravir and
Paxlovid, in order to determine if combination therapies
are a potentially improved option over current single
therapies for COVID-19 patients.

SARS-CoV-2/BA.1
10 week old Balb/C mice infected with 105 PFU of BA.1 (Omicron)

Cytokine and chemokine protein quantities were determined by Luminex
immunoassay

SARS-CoV-1/MA15
In this experiment we challenged Balb/c mice with 104 of a
mouse adapted MA15 SARS-CoV-1 virus.

SARS-CoV-2/MA10
6 month old Balb/C mice infected with 104 PFU of SARS-CoV-2 MA10

CONCLUSIONS
We find that Pyronaridine tetraphosphate is an effective
therapeutic in our mouse model of highly pathogenic coronavirus
infections. It works as an antiviral in SARS-CoV-2 challenges with
MA10, B.1351. BA.1, as well as MA15 SARS-CoV-1. Additionally
Pyronaridine combines effectively with Molnupiravir and yields
enhanced viral lung clearance as well as a further reduction in
lung inflammation including several critical cytokines and
chemokines. This data indicates that pyronaridine is broadly
effective as a coronavirus antiviral and could be an important tool
for COVID-19 patients.
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