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ABSTRACT ÖZ

Introduction

Coronaviruses are single-stranded, large positive-polar RNA 

(having the largest genome of all RNA viruses), belonging to the 

order of Nidovirales. 

In humans, they cause respiratory tract and gastrointestinal system 
infections, in addition to these, mostly mild, self-healing, and 
rarely with severe respiratory failure and renal involvement fatal 
diseases. In some animal species (rats, mice, various bird species, 
ruminants, dogs, cats, rabbits, pigs, etc.) they cause respiratory 
diseases or gastroenteritis (1,2).

Şiddetli akut solunum sendromu koronavirüs-2 (SARS-CoV-2) ile 
yeniden gündeme gelen, evcil ve yabani hayvan türlerinin yanı sıra 
insanlarda da hastalık yapabilme potansiyeli yüksek olan CoV karşı 
günümüze değin etkin bir tedavi yöntemi bulunamamıştır. Yüksek 
morbidite ve mortalite oranı ile pandemik bir karakter kazanan 
bu virüsle mücadele amacıyla tedavi seçeneklerinin araştırılması 
multidisipliner bir araştırma konusudur. Bu kapsamda, güncel 
konu niteliğinde olan SARS-CoV-2 ile mücadelede ilaçların 
yeniden konumlandırma çalışmaları gündeme gelmiştir. Ancak 
rasyonel kullanım amaçlarının dışındaki ilaç seçeneklerinin, 
kolay ulaşılabilirlik ve hızla uygulamaya aktarılabilir olmaları gibi 
üstün özelliklerine rağmen, etkinlik ve güvenilirliklerine yönelik 
değerlendirmelerin yapılmamış olması yanlış yönlendirmelere yol 
açabilmektedir. Bu derlemede, etkin bir sağaltım seçeneği olabileceği 
ileri sürülen ivermektinin SARS-CoV-2 tedavisinde kullanılabilirliği, 
riskleri ve olası moleküler mekanizmalar, ilacın farmakokinetik ve 
toksikokinetik özellikleri çerçevesinde ele alınmıştır.
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To date, no effective treatment has been found against coronaviruses 
(CoVs), which have re-emerged with severe acute respiratory 
syndrome CoV-2 (SARS-CoV-2) and have a high potential for 
disease in humans as well as domestic and wild animal species. The 
investigation of treatment options to combat this virus, which has 
a pandemic character with its high morbidity and mortality rate, 
is a multidisciplinary research subject. In this context, the drug 
repositioning has come to the agenda in the fight against SARS-
CoV-2, which is the current subject. However, despite the superior 
characteristics of drug options other than rational usage purposes 
such as easy accessibility and rapid transfer to the field, the lack 
of evaluations for their efficacy and safety may lead to misleading. 
In this review, the applicability, risks, and possible molecular 
mechanisms of ivermectin, which is suggested to be an effective 
treatment option, are discussed within the framework of the 
pharmacokinetic and toxicokinetic properties of the drug.
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Viruses belonging to the coronavirus family that are effective on 
humans and animals was first defined as infectious bronchitis 
virus in poultries in 1937, and the first human coronavirus 
was reported in the 1960s. The coronavirus, which has the 
potential to pass from animals to humans and to cause epidemics 
by mutation. There are 7 different coronavirus species, which  
infections in humans, these are CoV 229E, HCoV NL63, HCoV 
HKU1 and HCoV OC43, and in addition to these, SARS-CoV, 
Middle East respiratory syndrome (MERS) and SARS-CoV-2 
(3,4). A new member of this family of viruses was identified 
for the first time in Wuhan, China in December 2019 and was 
defined as SARS-CoV-2 due to its genetic association with the 
virus that caused the SARS epidemic, and the disease it caused 
is named as by the World Health Organization as coronavirus 
disease (COVID-19) (5,6).

With the scope of combating this virus, which is classified as 
a pandemic and has become a threat to all humanity, research 
on vaccine development and treatment still continues, but no 
effective specific agent has yet been found for the treatment of 
coronaviruses. This situation has led to the importance of drug 
repositioning studies, which include the use of known drugs for 
new purposes, in the treatment of COVID-19 (7-10).

Current studies carried out in this context have revealed the 
approach that ivermectin, a compound widely used in veterinary 
practice for the control of parasitic infections, can be effective 
in the treatment of COVID-19. Ivermectin, a broad spectrum 
antiparasitic compound approved by the US Food and Drug 
Administration (FDA), is known to exhibit antiviral activity 
against many viruses in vitro. Similarly, in a study conducted in a 
SARS-CoV-2 infected Vero/hSLAM cell line, it was reported that 
an approximately 5,000-fold decrease in viral RNA was detected 
at the 48th hour following ivermectin administration at 5 µM 
concentration (11). According to the findings, the researchers 
stated that ivermectin has in vitro antiviral activity against 
SARS-CoV-2 and this effect is likely to occur by blocking the 
nuclear entry of importin alpha and beta-1 (IMPα/β1) mediated 
viral protein (11). Since the application of ivermectin yielded 
remarkable results against SARS-CoV-2, clinical studies based on 
the use of ivermectin + nitazoxanide combination as an adjuvant 
to hydroxychloroquine and azithromycin were initiated (12). In 
contrast, the FDA reported that such in vitro research is widely 
conducted in the early stages of drug development studies, but 
more research is needed on whether ivermectin is effective and 
safe in preventing or treating coronavirus or COVID-19 (13). 
When the ivermectin effectiveness in COVID-19 treatment is 
evaluated in relation to the pharmacokinetic profile of the drug; 
whenever the 5 µM concentration found effective in in vitro 
conditions adapted to in vivo conditions, the highest peak plasma 
concentration reached was 247.8 ng/mL, and this concentration 
was used after the approved dose (150-200 µg/kg) to reach the 
plasma peak concentration (30-47 ng/mL) approximately 17 
times (14,15). 

There are many studies evaluating the antiviral activity of 
ivermectin in vitro conditions. In a study carried out by Wagstaff 
et al (16), it was reported that ivermectin is an inhibitor of 

IMPα/β1 mediated nuclear import and prevents the replication 
of human immunodeficiency virus (HIV-1) by inhibiting 
the entry of viral proteins into the nucleus. There are also 
studies confirming that ivermectin is effective against Porcine 
Reproductive and Respiratory Syndrome Virus (17), Bovine 
Herpes Virus (18), Newcastle Disease Virus (19), Chikungunya 
Virus, Semliki Forest Virus and Sindbis Viruses (20).

In the study evaluating the activities of some molecules including 
ivermectin against Dengue Virus (DENV), it was reported that 
the in vitro activity test was terminated due to the high cytotoxic 
effect of ivermectin in the HuH-7 cell line (21). On the other 
hand, in a study conducted in vitro with liposome formulation 
of ivermectin, it was reported that the cytotoxic effect of the drug 
decreased up to 5 times, and the antiviral EC50 value against 
DENV 2 reached from 2.6 µM to 0.3 µM (22). In studies 
conducted at known therapeutic doses, ivermectin inhibit 
Pseudorabies Virus (23) in BHK-21 cell line and mice, Porcine 
Circovirus 2 (24) in PK-15 cell line and piglets. Ivermectin has 
a wide safety margin with no adverse effects up to 50 times the 
recommended dose in pigs (25). Remarkable findings were also 
obtained in studies evaluating the effectiveness of ivermectin 
against Flaviviruses. It has the highest potency for Yellow Fever 
Virus, which causes hemorrhagic fever, with an EC50 value of 
0.5 nM. It has also proven to be a micromolar level replication 
inhibitor for DENV, West Nile Virus, Japanese Encephalitis 
Virus and Tick-borne Encephalitis Virus in in vitro studies (26). 
As a result of the application made to the World Intellectual 
Property Organization, it has been observed that the use of all 
Avermectins and Milbemicins in the treatment of Flavivirus 
infections is protected by patent (27).

There are many veterinary medicinal products around the world 
where this first endectoside, which is widely used in veterinary 
treatment with its powerful anthelmintic, insecticide and 
acaricidal effects, is included as an active ingredient (28,29). 
In our country, different pharmaceutical forms of ivermectins, 
whose marketing authorization has been issued by the Ministry 
of Agriculture and Forestry, General Directorate of Food and 
Control, has an indication area for cattle, sheep, horses and 
dogs (30). 1% cream form has been found by American and 
European authorities to be more effective and safe than known 
treatment options for the treatment of rose disease lesions with 
inflammatory lesions, known as Rosacea, and has been approved 
for human use (31).

There are also studies evaluating the antiviral activity of ivermectin 
as well as its anti-inflammatory and antitumoral activity. 
It has been shown that avermectin used in inflammation induced 
by lipopolysaccharide inhibits Tumor necrosis factor-alpha 
(TNF-α) and interleukin (IL)-1β production significantly and 
increases IL-10 production in macrophages. These effects were 
reported to be mediated by ERK1/2, JNK and p38 MAPK signal 
and activation of the NF-κB pathway (32).

Ivermectin also show antitumoral activity by effecting the 
MDR protein inhibition, Akt/mTOR pathway inhibition, 
PAK1 protein inhibition, WNT-TCF pathway inhibition, SIN3 
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domain inhibition, NS3 DDX23 helicase inhibition, Nanog/
Sox2/Oct4 genes downregulation, activation of P2X4/P2X and 
increased chlorine channel mechanisms (33).

Another effect of ivermectin is related to P-glycoprotein (P-gp). 
It has been observed that when the P-gp substrate ivermectin is 
used in combination with the P-gp inhibitor Verapamil, it can 
cause cytogenetic and teratogenic effects in rats (34). Similarly, 
when mice lacking the gene encoding P-gp (MDR1a -/-) were 
treated with the standard antiparasitic protocol of ivermectin, 
the concentration of ivermectin in brain tissue was found to be 
100-fold higher than wild-type mice, and death was reported. 
Neurotoxic effects and hypersensitivity reactions associated with 
mutation in P-gp genes were observed in subpopulations of CF1 
mice and coli dogs (35). In addition, since ivermectin acts as a 
Na+, K+-ATPase inhibitor at a dose of 6-17 µM IC50, it has been 
reported that this situation indicates significant adverse effects 
when used at high doses (36).

There are controversial results in studies examining the 
genotoxicity potential of ivermectin. In this context; Ames test 
using Salmonella typhimurium and Salmonella typhimurium + 
S9, in vitro L5178Y/TK +/– mouse lymphoma assay, in vitro 
unprogrammed DNA synthesis in human fibroblasts, in vitro 
sister chromatid exchange in peripheral human lymphocytes and 
CHO-K1 cells in vitro in rat thymocyte It has been reported that 
apoptosis induction gives negative results. On the other hand, 
in relation to ivermectin, in vitro comet test, mitotic index, cell 
cycle progression, neutral red, MTT test results (37-39) and 
in vitro sister chromatid exchange test in peripheral human 
lymphocytes (40) were positively detected in CHO-K1 cells. 
Similarly, in their in vivo studies; according to the chromosomal 
aberration test and micronucleus test findings, they concluded 
that ivermectin has clastogenic and genotoxic potential in mice 
(41). In another study, in which the genotoxicity potential of 
ivermectin was evaluated with the comet test system in Zebu 
cattle, it was stated that the concentrations of 1% and 3.15% of 
the compound caused a significant DNA damage and may show 
genotoxic potential (42). As part of drug repositioning, a network 
of medicine framework has been developed over the past decade, 
consisting of a set of quantitative approaches and predictive tools 
to examine host-pathogen interactions, uncover the molecular 
mechanisms of infections, identify comorbidities, and quickly 
identify drug candidates. Gysi et al. (43), published the results 
that shows the drugs that may affect biological processes targeted 
by the virus by using in vitro data. In this context, it has been 
suggested that clinical trials of ivermectin, whose toxicity and 
side effects are known, should be started rapidly (43).

Studies that involve repositioning drugs, requiring less time 
to target with a low cost advantage, may potentially not 
require preclinical trials and may enter phase 2 studies directly. 
Combination therapy strategies can be developed that may delay 
or reduce resistance associated with monotherapy, thanks to 
known mechanisms of action. Candidate drug analogs are easily 
available for testing. Researchers and small-scale laboratories 
can be the determinant of drug positioning processes, not 
requiring initial investment thanks to large-scale formulation 

and production chains. However, due to the high doses used 
in in silico screening studies, toxic drugs may be initially 
identified as active, unforeseen and undesirable side effects may 
be encountered, and the effective plasma concentration may be 
much higher than the levels achievable for humans (44,45).

Suggestions
In silico screening and in vitro researches are of great importance 
in drug development and repositioning studies. However, as with 
the controversy over ivermectin, the clinical pharmacokinetics of 
studies in in vitro conditions should be carefully evaluated when 
adapted to in vivo conditions.

Ivermectin, and its derivatives are protected by patent for some 
indications. In the efforts to reposition the drugs that are easily 
accessible in the world that meet the priority needs of the 
population, patent protection research may be useful due to the 
obstacles to the public accessibility of patented substances and 
products.

Quality assurance systems, and good cell culture practices gain 
importance in terms of reliability and reproducibility of research, 
and it is considered important that these principles are adapted 
to applications by researchers. In this context, it would be useful 
to investigate the effectiveness of ivermectin comprehensively by 
different researchers.

In addition to supporting the data obtained under in vitro 
conditions with in vivo research, it is thought that it may be 
beneficial to carry out formulation development studies to 
increase bioavailability and reduce undesirable effects.
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