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Ivermectin Docks to the SARS-CoV-2 Spike
Receptor-binding Domain Attached to ACE2
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Abstract. Background/Aim: Coronavirus disease 2019
(COVID-19) is an infectious disease caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). One
drug that has attracted interest is the antiparasitic
compound ivermectin, a macrocyclic lactone derived from
the bacterium Streptomyces avermitilis. We carried out a
docking study to determine if ivermectin might be able to
attach to the SARS-CoV-2 spike receptor-binding domain
bound with ACE2. Materials and Methods: We used the
program AutoDock Vina Extended to perform the docking
study. Results: Ivermectin docked in the region of leucine
91 of the spike and histidine 378 of the ACE?2 receptor. The
binding energy of ivermectin to the spike-ACE2 complex
was -18 kcal/mol and binding constant was 5.8 e-08.
Conclusion: The ivermectin docking we identified may
interfere with the attachment of the spike to the human cell
membrane. Clinical trials now underway should determine
whether ivermectin is an effective treatment for SARS-Cov2
infection.

Coronavirus disease 2019 (COVID-19) is an infectious
disease caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). According to the World
Health Organization, there are no available vaccines nor
specific antiviral treatments for COVID-19. Management
involves the treatment of symptoms, supportive care,
isolation, and experimental measures, among them, the
repurposing of old drugs. On 1 May 2020, the United States

This article is freely accessible online.

*These Authors contributed equally to this study.

Correspondence to: Dr. Steven Lehrer, Department of Radiation
Oncology, Icahn School of Medicine at Mount Sinai, Mount Sinai
Medical Center, 1 Gustave L. Levy Place, Box 1236, New York
City, 10029 NY, USA. E-mail: steven.lehrer@mssm.edu

Key Words: COVID-19, ivermectin, ACE2, spike protein.

gave emergency use authorization to the antiviral remdesivir
for people hospitalized with severe COVID-19.

One drug that has attracted interest is the antiparasitic
compound ivermectin, a macrocyclic lactone derived from
the bacterium Streptomyces avermitilis. Ivermectin kills
parasites by interfering with nervous system and muscle
function and enhancing inhibitory neurotransmission.
Ivermectin binds to glutamate-gated chloride channels in
the membranes of invertebrate nerve and muscle cells,
causing increased permeability to chloride ions, resulting
in cellular hyper-polarization, followed by paralysis and
death (1).

Ivermectin shows broad-spectrum anti-viral activity in vitro.
Caly et al. demonstrated that ivermectin inhibits SARS-CoV-
2, with a single addition to Vero-hSLAM cells 2 h post
infection. Caly er al. found ivermectin was able to achieve
~5,000-fold reduction in viral RNA at 48 h (2). But Caly et
al. used high ivermectin concentrations. The relevance of their
studies to human infection has been questioned (3) and FDA
has warned that ivermectin in veterinary products should not
be used for human therapy (4).

Patel et al. found that the administration of ivermectin
during COVID-19 illness in hospitalized patients is
associated with a lower mortality and hospital length of stay,
although these findings have been called into question (5).

SARS-CoV-2 viral spike protein binds to the membrane-
bound form of angiotensin-converting enzyme 2 (ACE2) to
infect the host cell (6). For this reason, we carried out a docking
study to determine if ivermectin might be able to attach to the
SARS-CoV-2 spike receptor-binding domain bound with ACE2.

Materials and Methods

We used the program AutoDock Vina Extended to perform the
docking study (7). The ivermectin molecule is from PubChem CID:
6321424 (Figure 1). Crystal structure of SARS-CoV-2 spike
receptor-binding domain bound with ACE2 was deposited in the
Protein Data Bank 2020-02-21, released: 2020-03-18 (8). We
analyzed the human ACE2 receptor because this enzyme apparently
differs among species, and the affinity of the virus for the human
form may explain its particular infectivity for humans (9).

3023



in vivo 34: 3023-3026 (2020)

Table 1. Docking parameters calculated by AutoDock Vina Extended.

Site Affinity (kca/mol) Ki (umol) RMSD (lower bound) RMSD (upper bound)
1 —18.0543 5.84x10-8 0 0

2 —16.7427 5.34x10-7 48.6656 50.524
3 -16.6953 5.78x10~7 21.875 27.2769
4 -16.1018 1.57x10-6 48.55 50.7351
5 —-16.1 1.58x10-6 14.0964 16.1947
6 -16.099 1.58x10-6 45.6938 47.5979
7 -16.0325 1.77x10-6 48.5902 50.4646
8 —15.9898 1.90x10-6 31.7807 33.8106
9 —15.7808 2.71x10-6 48.8268 50.2865
10 —15.4683 4.59x10-6 37.6908 38.7931

Lower values of root-mean-square deviations of atomic positions (RMSD) indicate that docking is validated with higher accuracy. RMSD values
of 3 or more indicate no docking has occurred. Only one docking position, site 1, with RMSD=0 is highly valid.

Results

The root-mean-square deviations of atomic positions (RMSD
in Angstroms) are tabulated in Table I. Lower values of
RMSD indicate that docking is validated with higher
accuracy. RMSD values of 3 or more indicate that no
docking has occurred. Only one docking position with
RMSD=0 is highly valid, and this docking position is shown
in Figures 2 and 3. The next 9 docking calculations were
greater than 22 Angstroms RMSD, indicating that no
docking was detected (Figure 4 and Table I).

Ivermectin docked in the region of leucine 91 of the spike
and histidine 378 of the SARS Cov2-ACE2 receptor complex,
between the SARS-Cov2 protein and the ACE2 protein. The
binding energy of ivermectin to the spike-ACE2 complex
was —18 kcal/mol and binding constant was 5.8x1078.

Computational biochemical methods and docking software
have been used to screen potential drugs in the structural  Figure 1. The ivermectin molecule. PubChem CID: 6321424.

Figure 2. Ivermectin molecule docked with SARS-CoV-2 spike receptor-binding domain bound with ACE2. Triangle points to viral spike, arrow to
ivermectin, star to ACE2 receptor.
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Figure 3. Ivermectin molecule docked with SARS-CoV-2 spike receptor-binding domain (left) bound with ACE2 (right) close-up view.

protein and non-structural protein sites of SARS-Cov2.
Ribavirin (a common antiviral drug), remdesivir, chloroquine
and luteolin have been analyzed (10). SARS-CoV-2 main
protease inhibitors have been predicted using Autodock (11),
among them Hispidin and Lepidine E, two natural
compounds, and folic acid (12).

The Vero-hSLAM cell assays performed by Caly et al.
might not be entirely relevant to human SARS-Cov?2 infection.
Vero-hSLAM is an African green monkey kidney epithelial
cell line that does not express human ACE2 (13). Therefore,
Caly et al. had to use high ivermectin concentrations.

Conclusion

The ivermectin docking site we identified, between the viral
spike and the ACE2 receptor, may interfere with the attachment
of the spike to the human cell membrane. Our observation is
consistent with the findings of Caly et al. and Patel et al.
Clinical trials now underway should determine whether
ivermectin is an effective treatment for SARS-Cov2 infection.
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