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Introduction

The Great Race!

Ivermectin

Current evidence
• Ivermectin is a broad spectrum antiparasitic drug with known antiviral properties.

• On April 3, 2020, Caly et al. published evidence from in vitro experiments showing that
ivermectin can inhibit the replication of SARS-CoV-2 at micromolar concentrations.
• Vero/hSLAM cells were infected with SARS-CoV-2 isolate
Australia/VIC01/ 2020 at an MOI of 0.1 for 2 h, followed by
the addition of 5 μM ivermectin.
• At 24 h, there was a 93% reduction in viral RNA present in the
supernatant (indicative of released virions) of samples treated
with ivermectin compared to the vehicle DMSO.
• Similarly a 99.8% reduction in cell-associated viral RNA
(indicative of unreleased and unpackaged virions) was
observed with ivermectin treatment.
• By 48 h this eﬀect increased to an ~5000-fold reduction of
viral RNA in ivermectin-treated compared to control samples,
indicating that ivermectin treatment resulted in the eﬀective
loss of essentially all viral material by 48 h.
• Consistent with this idea, no further reduction in viral RNA
was observed at 72 h.
L. Caly, J.D. Druce, M.G. Catton, D.A. Jans, K.M. Wagstaff, The FDA-approved drug ivermectin inhibits the replication of SARS-CoV-2 in vitro, Antiviral
research (2020) 104787.

Current evidence (2)
• This discovery gave hope to the researchers who are screening for drugs that can be
repurposed for treating the Coronavirus Disease 2019 (COVID-19).
• This has torn the scientific community into two opposing views, one group calling for
avoiding investment and effort in a drug likely to fail clinical trials, and another group calling

for rapid scale-up even in the absence of proven safety and efficacy for the potential COVID19 indication.
• Since April 2020, there has been an abundance of observational trials, case series and
ecological analyses suggesting a potential efficacy of ivermectin against COVID-19.
• Yet very few reports of rigorously conducted randomized controlled clinical trials.

Ivermectin – Repurposed?
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Sharun et al. Ann Clin Microbiol Antimicrob (2020) 19:23 https://doi.org/10.1186/s12941-020-00368-w

Ivermectin – Repurposed?
• Ivermectin, is a member of the avermectin family; as these compounds are produced by the soil
microorganism, Streptomyces avermitilis, they are called avermectins.
• Ivermectin has showed a wide range of activities, ranging from broad-spectrum endo/ecto-parasiticide activity
to antiviral, antibacterial, and anticancer activities.
• It was first introduced commercially in 1981 for use in animals. In addition to being used for treating billions of
livestock and companion animals worldwide to help maintain food production and animal health, ivermectin is
also used for treating several diseases in humans, e.g. a key drug in the elimination programs of onchocercosis.
• Ivermectin is considered a drug of choice for various parasitic diseases. As an anthelmintic drug, its mechanism
of action in invertebrates mainly involves the opening of glutamate-gated and Gamma aminobutyric acid
(GABA)-gated chloride channels, leading to increased conductance of chloride ions and causing subsequent
motor paralysis in parasites
(2020) 104787.

Sharun et al. Ann Clin Microbiol Antimicrob (2020) 19:23 https://doi.org/10.1186/s12941-020-00368-w
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Ivermectin – Drug Properties
Ivermectin is a broad-spectrum highly lipophilic anti-parasite medication.

A small molecule with a group of pentacyclic sixteen-membered lactone (i.e. a macrocyclic lactone disaccharide).
Primarily hepatic metabolism, and/or its metabolites are excreted almost exclusively in the faeces over an
estimated 12 days, with less than 1 % of the administered dose excreted in the urine.

Despite this it is moderately well absorbed better absorbed with a high fat meal
The volume of distribution is 3 to 3.5 L/kg and it does not cross the blood-brain barrier.
For the treatment of intestinal (i.e., nondisseminated) strongyloidiasis due to the nematode parasite
Strongyloides stercoralis. Also for the treatment of onchocerciasis (river blindness) due to the nematode
parasite Onchocerca volvulus. Can be used to treat scabies caused by Sarcoptes scabiei, and other associated
conditions such as Acne Rosacea, Ascaris lumbricoides infection, Cutaneous larva migrans, Demodicidosis,
Gnathostomiasis, Mansonella ozzardi infection and others.
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Sharun et al. Ann Clin Microbiol Antimicrob (2020) 19:23 https://doi.org/10.1186/s12941-020-00368-w

Ivermectin – Mechanism of Action
• Agonist for the inhibitory neurotransmitter gammaaminobutyric acid (GABA) and can be administered orally,
topically or by injection
• Binding GABA-gated chloride and invertebrate-specific
glutamate-gated
anion
channels
in
peripheral
neuromuscular synapses, suppressing nerve impulse
conduction
• Its usefulness as an anthelminthic results from differences
in the distribution of GABA receptors between mammals
and arthropods or nematodes: GABA receptors in
mammals are mostly in the central nervous system (CNS)
protected by the blood brain barrier, whereas in
arthropods and nematodes they are found in the
peripheral nervous system at the neuromuscular junction.
• Stimulation of GABA receptors in endo- and ecto-parasites
causes flaccid paralysis and inhibits feeding of the parasite
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Trends in Parasitology 2017 33463-472DOI: (10.1016/j.pt.2017.02.004)

IVM – RNA Viruses

IVM inhibits viral by:
• Blocking viral helicase
• Suppression of viral
replication was thought to
reflect disruption of viral
protein trafficking between
the host cell cytoplasm and
nucleus by IVM inhibition of
importin a/b-mediated
transport

Poltronieri P et al RNA Viruses: RNA Roles in Pathogenesis, Coreplication and viral load – Curr Genomics, 2015; 16(5):327-335

SARS-CoV-2
The protein ACE -2 expresses in high quantities in the respiratory epithelia, allows for viral entry and infection of the lung and alveolar cells
ACE-2 enzyme expression is important for blood pressure regulation and interferon production
SARS-CoV-2 binding to these receptors impedes these processes
It was known to inhibit the nuclear import of viral and host proteins.
Integrase protein of viruses and the importin (IMP) α/β1 heterodimer was responsible
for IN nuclear import which further increases the infection
As most of the RNA viruses are dependent upon IMPα/β1 during infection,
Ivermectin acts on it and inhibits the import with the increase in antiviral response
CD147 along with ACE-2 has been recognized as a key binding site for SARS-CoV-2 spike protein. The potential for major dose–response
Ivermectin shields SARS-CoV-2 spike protein which binds to CD147 and ACE-2.

Kaur et al, Ivermectin as a potential drug for treatment of COVID-19: an in sync review with clinical
and computational attributes – Pharmacological reports, 2021
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Current Evidence available

Evidence available

In Silico

In Vitro

Clinical

Molecular dynamics
simulations based
studies

In Silico..

Kaur et al, Ivermectin as a potential drug for treatment of COVID-19: an in sync review
with clinical and computational attributes – Pharmacological reports, 2021

In vitro
Margo Nell, Chief Research Assistant, Dept. of Pharmacology,
University of Pretoria.

Current Studies

https://www.clinicaltrials.gov/

Clinical Studies

https://www.clinicaltrials.gov/

Clinical Studies - Summary
• Some beneficial results have been observed with these studies
• However
•

12 RCTs were included in the final analysis heterogenous in nature (disease states, populations and controls)

•

most of these studies have been conducted in mild to moderate diseases therefore greater diligence and regulatory review is required for testing
of ivermectin in sever conditions

•

Ivermectin targets the invertebrate’s glutamate gated chloride channels, and can also cross-target mammalian GABA-gated chloride channels in
the CNS

•

In normal conditions, this is prevented by the BBB BUT in individuals having hyperinflammatory states endothelial permeability at BBB may be
enhanced leading to drug leakage into the CNS and neurotoxicity

•

ARVs like lopinavir/ritonavir and darunavir inhibit cytochrome P450 3A4 (main metabolic pathway for Ivermectin) if used concurrently can
increase systemic exposure to ivermectin. Ritonavir inhibits P-glycoprotein efflux pump in BBB.

•

DOSING – population pharmacokinetic studies (dosed at 200 µg/kg, 60 mg, and 120 mg) after administration of single and repeat fasted dose for
total and unbound plasma concentration- time profiles. Indicated that the IC50 value of ivermectin as reported by Caly et al. was much higher
than the maximum plasma concentration achieved after administration of the above mentioned three doses when administered fasted. Thus the
likelihood of success in a clinical trail at the approved dose of 200 µg/kg is less. A similar study indicated that the excessive dosages used in vitro
is not feasible in vitro.

•

TARGET- IVM is HIGHLY protein bound (93 %) making highly unlikely that their will be adequate endothelial uptake

•

TOTAL LUNG CONCENTRATION – animal studies indicate that when 200 µg/kg were injected only 100 ng/g (around 0.1 µM) in the lung tissue of
calves – thus at normal conventional dosages one would not achieve therapeutic levels.

Molecular dynamics simulations based studies
•

The binding coordinates of ivermectin observed were at the prime regions crucial for the activity of particular SARSCoV proteins.
The least structural deviation with the nucleocapsid protein N terminal domain (1.89 Å±0.33) and high interaction ratio points
toward the suggestion that ivermectin exhibits relatively high afnity for N protein. The nucleocapsid shuttling has been proposed

to be facilitated via human Importin α/β into the nuclear matrix.
•

The reported binding of ivermectin to importin α/β and notably low infection in ivermectin treated patients, might also possibly
suggest that there is noticeable binding with the nucleocapsid cargo itself.

Kaur et al, Ivermectin as a potential drug for treatment of COVID-19: an in sync review with clinical and computational attributes –
Pharmacological reports, 2021

What about prophylaxis?
Many studies, only two individual RCTs - included both treatment and prevention groups and has only been reported in pre‐print.
No detail was provided in the preprint about the baseline characteristics of the trial participants or the time from exposure to
receiving ivermectin as prophylaxis.

Challenge with prophylactic dosing - Ivermectin has a plasma half-life of ≈16 to 18hrs with time-length ranging from 4 to 12days.
Thus Ivermectin given 1x/month you wouldn’t have effective drug in your system after 12 days. This makes a 1x/month dosing

scheme pharmacologically irrelevant for the finding

In South
Africa..

Concluding statements
• Despite nearly 30 years of use in veterinary and human medicine
there is much to learn about IVM
• The clinical efficacy and utility of IVM in SARS CoV-2 infected
patients are unpredictable at the moment as this is a completely
novel virus
• The possible signal of efficacy found with IVM warrants robust larger
trials of IVM in SARS CoV-2
• There should be better and more effective communication with the
public
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