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Abstract

Ivermectin, originally developed for the treat-
ment of parasitic diseases such as onchocerciasis
(river blindness), has earned its title of "wonder
drug" due to its broad-spectrum therapeutic ac-
tivity. Ivermectin’s potential to address unmet
global health challenges makes it an important
focus for future medical research. This review
explores ivermectin’s mechanisms of action and
its expanding therapeutic applications, including

Introduction

The discovery of ivermectin was serendipitous and
fortuitous, it is a story in which the discovery could
have easily been missed, and billions of people de-
prived of its benefits. Ivermectin’s illustrious story
begins in 1972, when Dr. Satoshi Omura launched
aresearch project to bioprospect for antibiotics from
organisms in natural environments (Figure 1). (1)
Omura of the Kitasato Institute in Japan formed a
collaboration the next year with the laboratories of
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in parasitic, bacterial and viral infections, and
cancer among other disorders. It demonstrates a
robust safety profile, and wide scale studies have
found a low rate of adverse events. This review
highlights the ongoing research and emphasizes
the need for careful consideration of both the
benefits and risks of ivermectin. Further studies
are required to support its repurposing for new
indications.

Merck, Sharpe and Dohme (MSD) in the United
States, led by Dr. William Campbell.

Between 1973 and 1974, Omura collected soil sam-
ples to screen for the biological activity of com-
pounds. One of these samples, collected at a golf
course in Kawana, about 80 miles outside Tokyo,
was sent to the MSD laboratories for testing as an
antihelminthic agent. (2) Sample number MA-4680
showed potent anthelmintic activity across a broad
range of concentrations, with crude extracts po-
tently inhibiting roundworms at concentrations as
low as 0.0003%. (3) The compound appeared safe,
as the toxicity observed in the in vivo tests was at-
tributable to a microbial metabolite, which could be
removed in subsequent isolation. (3) The anthelmin-
thic compound was named avermectin, and the bac-
terial species which produced it was named Strepto-
myces avermitilis. The discovery of Streptomyces
avermitilis by Omura was extremely fortunate, it
wasn’t until 1992 that another isolate of the same
species was found in a field sample in Italy. (4)
Since then, the bacterium has been discovered only
a handful more times from soil samples, underscor-
ing its rarity. (5,6)

Ivermectin (IVM) has been widely used throughout

37



Africa and South America to treat its primary indi-
cation of river blindness, a disease caused by infec-
tion with helminth worms. Its efficacy for river
blindness was established with clinical trials in the
1980’s. (7)

Since ivermectin’s discovery in 1975, it has saved
hundreds of thousands of lives. It is estimated to
have saved at least 19.1 million Disability Adjusted
Life Years (DALYs) between 1995 and 2010 alone
through the African Program for Onchocerciasis
Control, with an additional 500 000 DALY saved
from non-target diseases. (8) Ivermectin is widely
used, with 1.3 billion doses being distributed be-
tween 1987 and 2013. (9,10) The broad applications
of ivermectin culminated in Satoshi Omura being
awarded the Nobel Prize in Physiology or Medicine
in 2015 for his contributions to its discovery. (11)
Ivermectin’s potential was explored beyond its an-
tiparasitic properties. In 2004, studies showed its
antitumor effects, (12) and in 2011, it was found to
effectively treat allergic asthma symptoms in mice.
(13) Ivermectin was repurposed to treat Covid-19
during the recent pandemic. (14,15)

Ivermectin’s shows a very broad therapeutic spec-
trum across parasites, (11) bacteria, (16) viruses,
(17) cancer, (18) and other indications. (13,19,20)
This review explores the indications and mecha-
nisms by which ivermectin has a therapeutic effect,
both as an established therapeutic and an agent with
therapeutic potential. This review aims to present a
balance view for the therapeutic potential of iver-
mectin and a guide to potential health hazards.

Antiparasitic and antibacterial use

Mechanism

Ivermectin’s antiparasitic action is typically at-
tributable to its effect on glutamate channels, which
causes a rapid polarization in neurons, leading to
death of parasitic organisms. (21) Fortunately, hu-
man receptors have very low affinity for IVM and
so any neurotoxicity is highly selective against non-
mammalian glutamate receptors. This is the main
mechanism of antiparasitic activity of ivermectin.
(10,21,22) Figure 2 (reproduced from [23] under a
Creative Commons Attribution Non-Commercial li-
cense) shows the [VM binding site and its structural
determinants in GluCl and GlyR.

Indications
Ivermectin is broadly useful as an antiparasitic and
against bacterial infections. (3)

Onchocerciasis (river blindness)
Onchocerciasis is a parasitic disease caused by On-
chocerca volvulus, which affects approximately 37
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million people, (24,25) with 100 million at risk of
infection. (24,25) It can cause visual impairment
and blindness, with 500,000 people suffering signif-
icant vision loss and 270,000 becoming blind. (26)
Ivermectin is the standard treatment for this condi-
tion, (27) reducing parasite loads and preventing
new infections. The drug works by activating mast
cells, which play a role in the host's immune re-
sponse. (28)

Myiasis

Myiasis, caused by botflies from the Oestridae and
Callihoridae families, 1s rare in humans but more
common in livestock and wild animals. (29) Iver-
mectin is considered a standard treatment alongside
albendazole and clindamycin. (30) The drug works
through the Glutamate-gated Chloride Channels
(GGCC) mechanism, (31) with studies showing its
effectiveness in controlling Haemonchus contortus
infections. (32)

Trichinosis

Trichinosis, caused by Trichinella spp., affects ap-
proximately 11 million people globally. (10) Iver-
mectin serves as a first-line treatment, (33) with its
antiparasitic action linked to GGCC activation. (34)
In addition to reducing parasitic activity, ivermectin
has the potential to decrease NF-kB, tissue Nitric
Oxide (NO), and myogenin expression, (35) en-
hancing its therapeutic benefits.

Trichuriasis (whipworm infection)

Trichuris trichiura, the whipworm responsible for
trichuriasis, infects an estimated 429 to 508 million
individuals globally. (36) Clinical data supports the
efficacy of ivermectin, (37) with the likely mecha-
nism involving GGCC, which disrupts the neural
function of the parasites.

Malaria

Malaria, caused by Plasmodium spp. and transmit-
ted by Anopheles mosquitoes, affects 249 million
people globally, with 608,000 deaths in 2022. (38)
Ivermectin has shown promise in reducing malaria
transmission by killing the mosquito host, (39) re-
ducing transmission by 35%. (40) Its mechanisms
include the activation of GGCC in mosquitoes and
inhibition of Importin alpha (IMPa) in Plasmodium.
(14-17)

Toxoplasmosis
Toxoplasmosis, a parasitic disease caused by Toxo-

plasma gondii, affects approximately 25.7% of the
global population. (45) Though ivermectin's use in
treating toxoplasmosis is still in the preclinical
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phase, (46-48) studies suggest that it inhibits IMPa
in Toxoplasma gondii (44) and increases local ex-
pression of GABA, (47) contributing to its antipar-
asitic effects.

Neurocysticercosis

Taenia solium causes neurocysticercosis, affecting
populations in Latin America, Asia, and Sub-Sa-
haran Africa. (49) Case reports (50) and preclinical
data suggest that ivermectin, (51,52) possibly
through GGCC activation, may be effective in man-
aging this condition when used in combination with
other treatments like albendazole.

Leishmaniasis

Leishmaniasis, caused by Leishmania spp., results
in approximately 0.9 to 1.6 million cases annually.
(53) Preclinical studies indicate that ivermectin may
act by inducing oxidative stress, (54,55) leading to
plasma membrane rigidity and mitochondrial alter-
ations in the parasite, (56,57) offering potential as a
therapeutic agent. (58)

African trypanosomiasis (sleeping sickness)
African trypanosomiasis, caused by Trypanosoma
brucei and transmitted by the tsetse fly, claims
around 100,000 lives annually. (32,33) Although no
human trials have been conducted, (60) preclinical
evidence (61) suggests that ivermectin may enhance
host defense by improving packed cell volume
(62,63) and anemia while also controlling the tsetse
fly vector. (38,39)

American trypanosomiasis (Chagas disease)
Chagas disease, also caused by Trypanosoma
brucei, affects 5-18 million people and causes over
10,000 deaths annually. (66) Preclinical data sup-
ports (67) ivermectin’s potential in targeting the im-
portin alpha/beta pathway in Trypanosoma species,
though no human trials have yet been conducted.
(62,63)

Schistosomiasis

Schistosomiasis, caused by Schistosoma spp., af-
fects more than 200 million people worldwide. (10)
Preclinical studies suggest (68) that ivermectin may
activate GGCC channels, though results remain
conflicting, (69) and no human trials have con-
firmed its efficacy for this indication. (68,70,71)

Bedbugs
Bedbug infestations, caused by Cimex lectularius,

affect an estimated 78% of the global population.
(72) Ivermectin has demonstrated efficacy against
bedbugs, (73) potentially by targeting GGCC chan-
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nels, contributing to their morbidity and mortality.

Epilepsy (nodding syndrome)

Nodding syndrome, associated with Onchocerca
volvulus infection, affects fewer than 10,000 people
globally. (74) The distribution of ivermectin has
been linked to a reduction in incidence, (75,76) and
ongoing trials suggest its potential to modulate neu-
roinflammation and other pathways involved in ep-
ilepsy. (77)

Ivermectin is believed to work by modulating glu-
tamate-gated chloride channels (GGCC) and poten-
tially interacting with neuroinflammatory, opioider-
gic pathways, (19,78,79) and potassium channels.
However, a completed trial for treating this syn-
drome with ivermectin has not yet shown conclu-
sive results. (78)

Tuberculosis

Tuberculosis (TB), caused by Mycobacterium tu-
berculosis, affects 10 million people annually, with
1.4 million deaths reported in 2019. (80) Ivermectin
has shown preclinical promise against TB, (16,81)
particularly as an inhibitor of the DprEl enzyme,
(82) which is critical for the bacterial cell wall syn-
thesis. While ivermectin is not a standard treatment
for TB, ongoing research suggests potential benefits
in combination with traditional therapies. (82)

Buruli ulcer

Buruli ulcer is a necrotizing skin disease caused by
Mycobacterium ulcerans and affects approximately
4,000 people each year, particularly in tropical re-
gions. (83) While there is preclinical evidence sup-
porting the effectiveness of ivermectin in managing
this condition, (84) its exact mechanism of action
remains unknown. Ivermectin’s role in treating Bu-
ruli ulcer may expand as more studies are con-
ducted.

Strongyloidiasis
Strongyloidiasis is an intestinal parasitic infection

caused by Strongyloides stercoralis, affecting 30 to
100 million people annually. (85) Ivermectin is
commonly used as a treatment, with several case
studies demonstrating its effectiveness. (86-89) The
drug works by disrupting parasitic neurological
function, leading to their paralysis and death.

Demodecidosis

Demodecidosis, caused by the mites Demodex fol-
liculorum and Demodex brevis, can lead to skin ir-
ritation and inflammation. These mites are found in
about 18% of adults. (90) Ivermectin has been used
to treat demodecidosis, with case reports showing
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that it can reduce mite populations and alleviate
symptoms, such as itching and redness. (91)

Loiasis

Loiasis, caused by Loa Loa, is a parasitic infection
that affects about 3.7 million people. (92) In regions
where ivermectin has been administered for other
conditions, the prevalence of Loiasis has signifi-
cantly decreased. Ivermectin's ability to target and
kill the Loa Loa microfilariae contributes to its ef-
fectiveness. (93)

Scabies

Scabies is caused by Sarcoptes scabiei mites, lead-
ing to intense itching, rash, and skin irritation. It af-
fects over 204 million people globally. (94) Iver-
mectin is considered a standard treatment for sca-
bies and works by paralyzing the mites, (95) leading
to their death.

Pediculosis (head lice)

Pediculosis, or head lice infestation, primarily af-
fects children, with around 19% of school-aged chil-
dren experiencing infestations. (96) Ivermectin has
been shown to be highly effective in clinical trials,
(97) killing lice through neural disruption that leads
to paralysis and death.

Lymphatic filariasis

Lymphatic filariasis, caused by Wuchereria ban-
crofti and transmitted by Culex mosquitoes, affects
about 120 million people globally, with 76 million
suffering from severe lymphatic and renal damage.
(98) Ivermectin, often used in mass drug administra-
tion programs, has been shown to reduce the inci-
dence of infection and halt disease progression
through its action on parasitic microfilariae. (99)

Impetigo

Impetigo, a bacterial skin infection primarily caused
by Staphylococcus aureus, (100) affects around 162
million children worldwide. (101) Ivermectin has
shown efficacy in treating impetigo, with clinical
data supporting its use, especially in areas where co-
infection with parasitic diseases is common. (102)
Table 1 shows the worldwide burden of parasitic
diseases, mechanisms of ivermectin, and status of
repurposing research for antiparasitic indications.

Viral diseases

Mechanisms

Ivermectin is effective against a wide variety of vi-
ruses. (17,104-106) One property of ivermectin is
that the mechanism which act against viruses are
somewhat delineable from those that act against
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parasites. While ivermectin’s primary mode of ac-
tion against parasites is that of GGCC channel acti-
vation, the most common mode of action of iver-
mectin against viruses is by inhibition of nuclear im-
port. (63,107)

Nuclear import is a biological process that is hi-
jacked during viral infection and viral takeover of
this process is often crucial for successful infection.
(63,108-110) Viral hijacking of the nuclear
transport process impacts the host innate immune
response, and can be crucial for evasion during in-
fection. (108) Regulation of host nuclear transport
is common to many viruses, including most DNA
viruses, which typically replicate in the nucleus of
the infected cell, and require nuclear transport for
entry, as well as some RNA viruses, a minority of
which replicate in the host cell nucleus, and a
greater proportion who replicate in the cytoplasm,
yet rely on nuclear transport at some stage of infec-
tion. (109) This mechanism is common to many vi-
ruses, and is also considered as a potential anti-can-
cer target. (111) Figure 3 (reproduced from [112]
under a Creative Commons Attribution 4.0 Interna-
tional [CC BY 4.0] license) shows the inhibition of
nuclear import by ivermectin.

Indications

HIV (human immunodeficiency virus)

HIV is a retrovirus that affects approximately 1.99
million people worldwide, (113) with 864,000
deaths annually. (113) The virus integrates its ge-
nome into the host's DNA in the nucleus, leading to
a chronic infection that weakens the immune system
over time, causing AIDS if untreated. Symptoms in-
clude fever, fatigue, and swollen lymph nodes in the
early stages, progressing to life-threatening infec-
tions and cancers. Preclinical studies suggest that
ivermectin inhibits importin o/pf-mediated nuclear
import, (114) a crucial process for HIV-1 replica-
tion. This mechanism offers potential for repurpos-
ing ivermectin in HIV treatment, although more
clinical data is needed. (44,115)

Influenza virus

Influenza is a widespread virus, with about 1 billion
infections and 389,000 deaths reported annually
(from 2002 to 2011). (5,6) Influenza attacks the res-
piratory system, causing fever, cough, body aches,
and, in severe cases, pneumonia or death, particu-
larly in vulnerable populations. (118) The virus rep-
licates in the nucleus, with viral RNA entering and
exiting the nucleus. (5,6) Preclinical evidence
shows that ivermectin affects the NS1 protein, (116)
a key viral component involved in immune evasion
and replication, (8,9) though clinical efficacy is yet
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to be established.

Dengue virus
Dengue affects 59.22 million people globally and is

transmitted by mosquitoes. (121) It causes flu-like
symptoms such as high fever, severe headache, pain
behind the eyes, and, in severe cases, hemorrhagic
fever or shock. (122,123) If untreated, severe den-
gue can be fatal. Preclinical data show that ivermec-
tin inhibits importin o/pB-mediated nuclear import in
dengue virus replication, (2,3,13-15) and while clin-
ical efficacy is limited, one study demonstrated that
ivermectin shortened the clearance time of NS1 an-
tigenemia. (127,128) Ongoing trials aim to deter-
mine its full potential. (18,19)

Zika virus

Zika virus, primarily transmitted by mosquitoes,
caused 169,734 cases in 2021. It typically causes
mild symptoms, including fever, rash, and conjunc-
tivitis, but is of significant concern due to its link to
birth defects such as microcephaly. Preclinical data
suggest that ivermectin blocks nuclear import via
importin o/f inhibition, (131-134) affecting the vi-
ral NS5 protein, (135) although conflicting results
have been reported. (25,26) Further research is
needed to clarify its potential in Zika treatment.

Chikungunya virus

Chikungunya, a mosquito-borne virus, caused
271,824 cases in Brazil alone in 2016. (28) It results
in fever and severe joint pain, which can persist for
months. If untreated, chronic arthritis-like symp-
toms may develop. Preclinical studies have shown
that ivermectin reduces RNA production and viral
protein expression, (134,140,141) and while trials
have been completed, no results are currently avail-
able. (142)The mechanism involves inhibition of
capsid protein interactions. (27,32)

Hepatitis B virus (HBV)

Hepatitis B affects 356 million people globally,
causing liver infection, (94) which can lead to cir-
rhosis, liver failure, or liver cancer if untreated. The
virus enters the nucleus to replicate. Preclinical data
demonstrate that ivermectin decreases the expres-
sion of HBV core protein and the nuclear transporter
karyopherin a2 (KPNA2), (144) suggesting a poten-
tial role in treatment. However, clinical evidence is
still lacking.

Hepatitis E virus (HEV)

Hepatitis E causes 20 million infections and 3 mil-
lion symptomatic cases globally each year. (145) It
typically results in acute liver disease with symp-
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toms such as jaundice, fatigue, and abdominal pain.
Untreated cases can lead to liver failure, especially
in pregnant women. Preclinical evidence suggests
that ivermectin may inhibit HEV replication
through importin al, (146) although further re-
search is needed to confirm this.

Herpes simplex virus (HSV-2)

Herpes simplex virus type 2 (HSV-2) affects 491.5
million people worldwide, (147) causing painful
genital sores. The virus enters the nucleus for repli-
cation and establishes lifelong latency. If untreated,
HSV-2 can lead to recurrent outbreaks and compli-
cations such as neonatal herpes. Ivermectin has
shown preclinical efficacy in inhibiting importin
o/B-mediated nuclear import, though more clinical
data are required. (134)

COVID-19 (SARS-CoV-2)

COVID-19 has affected over 700 million people,
(148,149) causing 7 million deaths between 2020
and 2024. (150) Symptoms range from mild respir-
atory illness to severe pneumonia and death. Iver-
mectin has been deployed in treatment, with preclin-
ical and clinical studies showing efficacy. (14)
Mechanistically, it is suggested that it disrupts the
importin  heterodimer complex  (IMPa/B1),
(14,15,151) downregulates STAT3, (44,45) and af-
fects viral proteins such as the spike protein (153)
and 3CL protease. (112,154,155)

Venezuelan equine encephalitis virus (VEEV)
VEEV occasionally causes outbreaks in Latin
America, with a notable outbreak of 75,000 to
100,000 cases in Colombia in 1995. (56-59) The vi-
rus causes flu-like symptoms and can progress to
encephalitis, which can be fatal if untreated. Pre-
clinical data indicate that ivermectin inhibits im-
portin o/f-mediated nuclear import, (56,57,60) a
key step in VEEV replication. (158,159)

West Nile virus (WNV)

WNV, a mosquito-borne virus, caused 1,267 cases
and 119 deaths in the U.S. in 2013. (160) It can
cause flu-like symptoms, but severe cases can lead
to encephalitis or meningitis. Preclinical studies
suggest that ivermectin inhibits viral replication by
targeting the NS5 and NS3 proteins. (62,63,65,66)
However, its efficacy in humans remains to be
demonstrated. (162)

Semliki forest virus (SFV)

SFV is an alphavirus that primarily affects humans
in Africa, with outbreaks being rare but infection
potentially common, as indicated by seroprevalence
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studies. (163) Symptomatically, SFV often presents
with fever, headache, muscle pain, and sometimes
neurological symptoms such as encephalitis. If un-
treated, severe cases can progress to chronic neuro-
logical damage, though fatalities are rare. Preclini-
cal studies have shown a slight effect of ivermectin
on the virus in cell lines, (143) but the exact mech-
anism remains unclear. Possibly, the mechanism is
due to disruption of the nuclear imported protein
nsp2. (164)

Yellow fever virus

Yellow Fever is a serious viral disease transmitted
by mosquitoes, primarily in Africa and South Amer-
ica. In 2021, there were 86,509 reported cases. (121)
Symptoms include fever, chills, severe headache,
back pain, nausea, and vomiting. In more severe
cases, patients may develop jaundice, bleeding, and
multi-organ failure, which can lead to death if un-
treated. Preclinical data using cell lines have ex-
plored ivermectin's effects on the virus, (143)
though the precise mechanisms remain unknown,
(165) and clinical efficacy is yet to be demonstrated.

Sindbis virus

Sindbis virus is a mosquito-borne virus with out-
breaks primarily in Finland, where the incidence
rate is estimated at 7 to 9 per 100,000 people. (166)
The virus causes fever, rash, and arthritis, with
symptoms usually subsiding after several weeks.
However, arthritis can become chronic if untreated.
Preclinical studies have shown only slight effects of
ivermectin on the virus in cell lines, (143) with no
clear mechanism identified for its action.

Adenovirus

Adenoviruses are common globally, affecting 47%
of'the U.S. (167) population at some point. They can
cause a wide range of illnesses, including respira-
tory infections, gastroenteritis, conjunctivitis, and
even severe pneumonia in immunocompromised in-
dividuals. If untreated, adenovirus infections can
lead to severe complications such as bronchitis and
pneumonia, especially in children and those with
weakened immune systems. Preclinical studies have
demonstrated that ivermectin inhibits nuclear im-
port, (168) which is crucial for adenovirus replica-
tion, but further research is needed to establish clin-
ical efficacy. (72,74) Table 2 contains an overview
of viruses affecting human health, ivermectin's
mechanisms of inhibition, and current repurposing
status for antiviral use.

Cancer
Ivermectin’s antitumor properties were first eluci-
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dated in 2004. (12) Since then, research has discov-
ered ivermectin’s multiple different anticancer
mechanisms. (181-184) Clinical evidence is still
limited, but the repurposing of ivermectin as an an-
ticancer drug is highly promising and early clinical
data shows benefit. (182) Table 3, which is adapted
from (184) with additional mechanisms added (18),
shows the antitumour mechanisms of ivermectin.
Two clinical trials using ivermectin for cancer treat-
ment are posted on clinical trials.gov. (201,202)
Currently, the evidence for ivermectin’s efficacy in
cancer is mostly limited to preclinical data.

Other indications

Mechanisms

Ivermectin has action as an anti-inflammatory,
which is useful for several other conditions. It also
interacts with several human receptors, which may
be useful for treatment. (23)

Indications

Alcohol use disorder

Ivermectin has shown potential therapeutic benefits
across a range of conditions. Alcohol use disorder
effects 12.7% of adults in the USA in 2013, (203)
and 5.1% of the global population. (204) Preclinical
data in mice suggests that ivermectin can antagonize
ethanol’s inhibition on purinergic P2X4 receptors,
providing a possible mechanism for its use. This
supports the positive results shown in a pilot study
of alcohol use disorder in adults.

Amyotrophic lateral sclerosis (ALS)

For Amyotrophic Lateral Sclerosis (ALS), which
has a global prevalence of 4.42 per 1 million people,
preclinical studies suggest ivermectin may inhibit
AMPA-mediated toxicity through its antagonistic
effects on P2 receptors, presenting a possible thera-
peutic role.

Asthma

Asthma, affecting 4.3% of the global adult popula-
tion, also shows potential for ivermectin as an anti-
inflammatory treatment. Though evidence is cur-
rently limited to preclinical data and case reports,
these findings point to further avenues for research.

Rosacea

In rosacea, an inflammatory skin condition which
impacts 5.5% of the global adult population, iver-
mectin’s efficacy has been established through mul-
tiple clinical trials. Its anti-inflammatory effects in-
clude inhibiting IL-8, IL-6, and MCP-1 secretion, as
well as inhibiting KLK5 and CAMP, making it a
promising treatment option.

J Indep Med 2025 Vol. 1 No. 1



Atopic dermatitis

Another skin condition, atopic dermatitis, with a
global prevalence of 2,690 per 100,000 persons (or
221 million people), has also shown a potential re-
sponse to ivermectin in preclinical studies due to its
anti-inflammatory properties.

Post COVID -19 vaccination syndrome

For COVID-19 post-vaccination syndrome, which
affects up to 3% of vaccine recipients, ivermectin
has been used by 18% of patients. Its mechanisms
include binding to the spike protein, anti-inflamma-
tory effects, and modulation of a7nAChR and
GABA pathways, indicating potential utility in
managing these post-vaccine symptoms.

Table 4 contains an overview of other indications
for which ivermectin demonstrates repurposing po-
tential.

Drug safety

As with any pharmaceutical, the risk of adverse
events is inherent in ivermectin treatment, and these
risks must be weighed against the potential benefits
of the drug. While it is crucial to limit adverse ef-
fects, delaying treatment can result in greater harm,
particularly in regions where parasitic diseases are
endemic. Pharmacovigilance plays a critical role in
ensuring ongoing drug safety and addressing post-
marketing concerns. (231) Several drugs have been
approved and later recalled due to unforeseen safety
issues, which underscores the importance of contin-
uous monitoring and improving treatment protocols
to reduce the risk of adverse events.

Ivermectin’s use is concentrated primarily in devel-
oping nations where parasitic infections remain en-
demic, while its use in the developed world remains
relatively uncommon. In 2022, ivermectin was only
the 314th most prescribed medication in the United
States, despite its use for acute Covid-19. (232)
Worldwide, hundreds of millions of people have re-
ceived ivermectin. (233) Over the past three dec-
ades, a substantial body of clinical reports and re-
view articles has documented adverse events occur-
ring during clinical trials or following ivermectin
prescriptions. (234)

Commonly reported side effects include headache,
muscle pain, cough, nausea, vomiting, diarrhea,
blurred vision, dyspnea, postural hypotension, and
disorientation. Additionally, anecdotal symptoms
such as significant skin reactions and edematous
swelling have been observed in clinical trials and
observational studies. (235) Non-neurological ad-
verse effects related to ivermectin use, including
nephropathy, (236) cutaneous reactions, (237) men-
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tal disorder, (238) hepatic diseases, (239) and mul-
tiorgan dysfunction syndrome, (240) have also been
reported.

Despite these side effects, ivermectin has a well-es-
tablished safety profile, with serious adverse effects
being rare, especially considering it has been admin-
istered over a billion times globally. (9,10) During
treatment for Strongyloides stercoralis infection,
13% of patients reported fatigue, 9% experienced
headaches, 10% noted dizziness and drowsiness,
12% reported itching, and 9% experienced light-
headedness. (241,242) In another study, dysmenor-
rhea was reported by 6% of patients, throat pain by
2%, and diarrhea by 2%. (243)

The highest doses studied in human volunteers have
been up to ten times the maximum FDA-approved
dose of 200 pg/kg, with limited adverse effects. (22)
In animal models, the LD50 in mice exceeds 27
mg/kg. (244). Ivermectin’s half-life ranges from 12
to 36 hours in human blood. (245)

Reproductive adverse effects

Reproductive adverse effects from high doses of
ivermectin have been observed in animal (246-253)
and insect models, (254,255) motivating the study
of adverse reproductive effects in humans. Larger
animals, show conflicting results, with some studies
showing no adverse reproductive effects of iver-
mectin, (256,257) while others show negative im-
pacts. (258) Ivermectin is classified by the US FDA
as pregnancy category C, meaning “Animal repro-
duction studies have shown an adverse effect on the
foetus and there are no adequate and well-controlled
studies in humans, but potential benefits may war-
rant use of the drug in pregnant women despite po-
tential risks”. (259) The World Health Organization
African Programme for Onchoceriasis Control also
advises pregnant women to withhold IVM treatment
until one week after childbirth, but notes that “preg-
nancy is not considered a specific contraindication”.
(260) Currently, there are few large scale trials in
humans, though the present meta-analyses in hu-
mans show no ill effects. (261,262)

One meta-analysis involving 893 mothers during
pregnancy found no neonatal deaths, preterm births,
or low birthweight. (261) Another study on iver-
mectin taken during pregnancy for the treatment of
onchoceriasis, shows that at least in the circum-
stance of acuteonchoceriasis, the benefits of IVM
treatment outweigh potential risks. (262) However,
the data which exist are inadequate to declare [IVM
safe in pregnancy, given the teratogenicity shown in
rabbit models at repeated doses as low as 0.2 times
the maximum human recommended dose per body-
weight. (259,263) A pharmacovigilance study of
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667 ivermectin related adverse drug reactions found
9 reports of pregnancy related complications and 9
reproductive related complications. (264) Given
that the drug has been given an estimated 1.3 billion
times by 2013, (9,10) this is a low rate of reproduc-
tive adverse events.

Neurological adverse events

Serious neurological adverse events associated with
ivermectin are rare, (265) but there is potential dan-
ger for individuals with polymorphisms in the
ABCBI1 gene, which encodes the P-glycoprotein
transporter. (266,267) These gene variants can com-
promise the blood brain barrier, which is typically
impermeable to ivermectin. (265) A plurality of se-
rious neurological adverse events reported with
ivermectin occur during treatment for onchocercia-
sis. (265)

In rare cases, poisoning from high doses of veteri-
nary formulations has resulted in symptoms such as
rash, edema, headache, dizziness, nausea, vomiting,
diarrhea, and asthenia. (242,268) More severe
symptoms such as seizures, dyspnea, paresthesia,
urticaria, abdominal pain, and contact dermatitis
have also been documented. Additionally, treatment
for Onchocerca volvulus infections has been associ-
ated with neurological effects in humans, including
encephalopathy, disorientation, stupor, and coma,
particularly in reports from African nations. (269)
In human clinical trials, neurological effects such as
headaches (0.2%) during treatment for onchocerci-
asis and dizziness (2.8%), somnolence (0.9%), ver-
tigo (0.9%), and tremor (0.9%) during strongyloidi-
asis treatment were observed. (270,271)
Ivermectin's potential to cause serious neurological
effects may be exacerbated in cases of infection
with Loa loa. While the mechanism is poorly under-
stood, density of Loa loa microfilarial density is
correlated with adverse event severity after [IVM
treatment. (265,272) Vulnerability in Loa loa infec-
tion may be related to P-glycoprotein polymor-
phisms with reduced mdr-1 expression. (267)

Environmental impacts of ivermectin

Ivermectin is widely used globally as an antipara-
sitic drug in pets and livestock, and its environmen-
tal impacts are a growing concern due to the large-
scale veterinary applications. (273) Widespread use
of ivermectin presents potential risks to ecosystems
on land and in water. Ivermectin exhibits high tox-
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icity to crustaceans, both acutely and chronically,
while in fish, it induces lethargy, darkened skin, and
reduced feeding activity. (274)

Drug resistance from ivermectin

Ivermectin was the first broad-spectrum endecto-
cide of the avermectin/milbemycin class, widely
used in parasitic disease management. (275) How-
ever, drug resistance is a growing concern, espe-
cially in parasitic nematodes. For example, re-
sistance to ivermectin in the sheep nematode
Haemonchus contortus has been linked to P-glyco-
protein expression. Studies have shown that the ef-
ficacy of ivermectin and related drugs like moxidec-
tin can be enhanced in H. contortus strains when co-
administered with verapamil, a multidrug re-
sistance-reversing agent. (276) These findings sug-
gest that P-glycoproteins may play a crucial role in
resistance to ivermectin and other macrocyclic lac-
tones, posing challenges for the long-term manage-
ment of parasitic diseases.

Conclusion

In conclusion, ivermectin stands as a versatile ther-
apeutic agent with an impressive history of treating
parasitic diseases such as onchocerciasis and its po-
tential applications beyond its traditional scope.
From viral infections to cancer and neurological dis-
orders, the drug’s wide-ranging mechanisms of ac-
tion provide hope for various medical challenges.
However, despite its vast benefits, there remain sig-
nificant concerns, particularly regarding its safety in
individuals with ABCB1 polymorphisms (266,267)
and its environmental impact. Additionally, while
clinical trials and preclinical data continue to sup-
port its repurposing, careful consideration of its side
effects, resistance development, and specific popu-
lations at risk is essential for ensuring the safe and
effective use of ivermectin in future applications.
The ongoing monitoring and study of ivermectin’s
capabilities are crucial as it continues to influence
global health.

Further research will expand ivermectin’s repertoire
of repurposed conditions, as well as improve treat-
ment standards by finding synergistic interventions
to improve treatment efficacy for a wide variety of
conditions. Depending on the choice of milestone,
the 50th anniversary of ivermectin is approaching,
and given its demonstrable record of success, we be-
lieve this is only the beginning of this versatile drug.
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Table 1. Worldwide burden of parasitic diseases, mechanisms of ivermectin, and status of repurposing research for antiparasitic indications

(10)

Potential: Decrease NK-kB,
tissue NO, and myogenin
expression (35)

Indication Organism Number affected worldwide | State of repurposing evi- Mechanisms Interaction model
dence
Myiasis Botflies of family Oestridae | Rare in humans (29), more |IVM considered standard GGCC (31) Mechanism shown in H.
and Callihoridae common in livestock and treatment alongside albend- contortus (32)
wild animals azole and clindamycin(30)
Trichinosis Trichinella spp. Approximately 11 million First line treatment (33) GGCC (34)

(Sleeping sickness)

Host: Glossina tachinoides

(2002) (59). World Health
Organization claims 70
million people at risk (103)

ruary 2023 (60)
Preclinical data (61)

Possible improvement of
host defense capacity
through improvement in
packed cell volume and
state of anemia. (64)
Vector control of Tsetse fly
(65)

Trichuriasis (whipworm in- | Trichuris trichiura 429 to 508 million infections | Clinical data (37) Likely GGCC
fection) (36)
Malaria Plasmodium spp. 249 million people affected |Reduces transmission of ma- | Potential: GGCC in host GGCC (42)
Host: Anopheles mosquitos |and 608 000 deaths in 2022 | laria by 35% through killing | Anopheles (41-43) IMPa (44)
(38) host mosquitos (39) IMPa in Plasmodium (44)
Reduces malaria (40)
Toxoplasmosis Toxoplasma gondii 25.7% of the global popula- |Preclinical data (46-48) IMPa in Toxoplasma gondii
tion has an infection (45) (44)
increase the level of GABA
local expression (47)
Neurocysticercosis Taenia solium Latin America: 4% to 24% | Case reports (50) Possibly GGCC
Asia: 2% to 13% Preclinical data (51,52)
Sub-Saharan Africa: 6% to
22% (49)
Leishmaniasis Leishmania spp. 0.9 to 1.6 million cases per | Preclinical data (54,55) Potential: Oxidative stress
year (2012) (53) - plasma membrane rigid-
ity (56,57)
Alterations in parasite mi-
tochondria (58)
African trypanosomiasis Trypanosoma brucei 100 000 deaths per year No human trials as of Feb- | Potential: IMPa/B1 (62,63)
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1.4 million deaths (2019)
(80)

(82)

American trypanosomiasis | Trypanosoma brucei 5-18 million current infec- | Preclinical data (67) Potential: IMPa/B1 (62,63)
(Chagas disease) tions, more than 10 000 No human trials as of Au-
deaths annually (66) gust 22, 2024.
Schistosomiasis Schistosoma spp. Over 200 million (10) Preclinical data (68) Potential: GGCC (68,70) (71)
Conflicting results (69)
No human trials as of Au-
gust 22, 2024
Bedbugs Cimex lectularius 78% of global population, or | Efficacy against bedbugs Possibly GGCC
approximately 6.4 billion demonstrated (73)
people (72)*
Epilepsy (Nodding Syn- Onchocerca volvulus (asso- | <10 000 cases Distribution of IVM associ- | GGCC (19,78,79)
drome) ciated with Nodding Syn- <1000 deaths ated with drop in Nodding | Potential: modulation of
drome) (2013) (74) Syndrome incidence (75,76) | neuroinflammation, opi-
Completed trial without re- | oidergic pathways and potas-
sults (77) sium channels interaction
with nitrergic system (78)
Tuberculosis Mycobacterium tuberculosis | 10 million cases Preclinical data (16,81) Inhibitor of DprE1 enzyme | (82)

Buruli ulcer

500,000 individuals with
significant visual impair-
ment (26)

270,000 blind (26)

Mycobacterium ulcerans ~4000 cases reported per Preclinical data (84) Unknown
year (2015) (83)
Strongyloidiasis Strongyloides stercoralis 30-100 million people Case studies (86-89) Unknown
yearly (85)
Demodecidosis Demodex folliculo- Mites found in 18% of Case reports (91) Likely GGCC
rum and Demodex brevis adults in Hungarian survey
(2011) (90)
Onchocerciasis (river Onchocerca volvulus 37 million with active dis- | Standard treatment (27) Mast cell activation (28)
blindness) ease (24,25)
100 million at risk of new
infection (24,25)

Loaisis Loa loa 3.7 million people (1995) Decreased prevalence in Likely GGCC
(92) IVM treated communities
93)
46
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Scabies Sarcoptes scabiei 204 151 700 (2015) (94) Considered a standard treat- | Likely GGCC
ment (95)
Pediculosis (head lice) Pediculus humanus capitis | 19% of school aged children |Efficacy shown in clinical | Likely GGCC
(96) trial (97)
Lymphatic filariasis Wuchereria bancrofti 120 million infected Clinical data (99) Likely GGCC
Vector: Culex quinquefascia- | 76 million with damaged
tus lymphatic and renal systems
(98)
Impetigo Staphylocaccus aureus (100) | 162 million children (101) | Clinical data (102) Likely GGCC

Legend: GGCC=glutamate-gated chloride channel; IMPa=importin alpha.
*Based on a weighted average (by population) of the survey results for bedbug incidence in different continents. 95% of respondents in USA, 98% of respondents in
Canada, 92% of respondents in Europe, 90% of respondents in Africa and the Middle East, 73% of respondents in Asia, and 59% of respondents in Latin America. (72)
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Table 2. Overview of viruses affecting human health, ivermectin's mechanisms of inhibition, and current repurposing status for antiviral use

Virus and genome type | Replication site Viral elements trans- Number affected world- | State of repurposing ev- | Mechanism Interaction model
ported across nuclear wide idence
membrane or interacting
with nuclear transport
machinery
HIV (ssRNA (+), retro- |Cytoplasm & nucleus | Viral genome enters nu- | 1 989 000 world-wide | Preclinical data (114) Inhibits importin o/fB-
virus) cleus for integration (113) mediated nuclear import
864 000 deaths (113) in HIV-1 replication
(44,115)
Influenza virus (ssRNA | Nucleus Viral RNA enters nu- 1 billion cases (2019) Preclinical data (119) NS1 protein (120) (120)
(-), segmented) cleus, mRNA exits (117)
Ribonucleoprotine parti- | 389 000 deaths per year
cles and NS1 protein (period 2002-2011)
(116) (118)
Dengue virus (ssRNA | Cytoplasm NS5 (122,123) 59220 428 (2021) Preclinical data Inhibits importin o/f-
) (121) (114,124-126) mediated nuclear im-
Clinical efficacy not port in dengue replica-
observed, but IVM tion (115)
shortened clearance
time of NS1 anti-
genemia (127,128)
Completed trial, results
not available (129)
Trial (status unknown)
(130)
Zika Virus (ssRNA Cytoplasm NS5 (135) 169 734 cases (2021) Preclinical data (131- Blocking nuclear im-
) 134) port by importin o/
Conflicting results inhibition (137)
(136)
Chikungunya virus Cytoplasm Capsid protein (138) 271 824 (2016 in Bra- | Preclinical data Decreased RNA pro-
(ssRNA (+)) zil alone) (139) (134,140,141) duction and protein ex-
Completed trial (no re- | pression (143)
sults available) (142)
48 J Indep Med 2025 Vol. 1 No. 1




Hepeatitis B virus Nucleus & cytoplasm Viral genome enters nu- |356 083 400 (94) Preclinical data (144) Decreased the expres-
(dsDNA, partially dou- cleus sion of HBV core pro-
ble-stranded) tein and the nuclear
transporter karyopherin
a2 (KPNA2) in the nu-
clei of HepG2-hNTCP-
C4 cells (144)
Hepatitis E virus Cytoplasm Unknown 20 million infections Preclinical data (146) Likely importin al
(ssRNA (+)) 3 million symptomatic (146)
cases (2023) (145)
Herpes simplex virus Nucleus Viral genome enters 491.5 million people Preclinical cell data Unknown. Proposed
(Type 2) (dsDNA) nucleus infected (2016) (147) (134) inhibition of importin
o/B (134)
COVID-19 (SARS- Cytoplasm ORF6 disrupts nuclear | 700 million cases Preclinical and clinical | Nspl13 helicase (170) Spike protein (153)
CoV-2) (ssRNA (1)) import (148,149) 7 million deaths (2020 | data (14,15,151) Disrupting the Im- CD147 (153)
through 2024) (150) Veterinary data in mu- | portin heterodimer a7nAChr (153)
rine coronavirus (152) | complex (IMPa/B1) IMPa (171-173)
(112,154,155) ACE2 (human)
Downregulating 3CLPe
STAT3 PLPr
3CL Protease SARS unique domain
Spike protein (153) (SUD) (174,175)
CD147 (153) NF-xB, MAPK10, and
a7nAChr (153) MAPK14 (human)
(176)
Venezuelan equine en- | Cytoplasm Capsid protein inter- Occasional outbreaks Preclinical cell line Inhibitor of importin
cephalitis virus acts with nuclear in Latin America. Out- | data (158) o/B-mediated import
(ssRNA (+)) transport (156,157) break of 75 000 to 100 (158,159)
000 cases in humans in
Colombia in 1995
(177,178)
West Nile virus Cytoplasm NS5 (179,180) 1267 Cases Preclinical cell line Inhibitor of importin (1e1)
(WNV) (ssRNA (+)) 119 deaths (2013, USA | data (63,161) o/B-mediated import
only) (160) (63)
NS3 helicase (161)
Host control (162)
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(169)

Semliki forest virus Cytoplasm nsP2 (164) Rare outbreaks in hu- Slight effect in cell lines | Unknown
(ssRNA (+)) mans in Africa (163). (143)

Infection may be com-

mon based on seroprev-

alence studies, but dis-

ease rare (163)
Yellow fever virus Cytoplasm NS5 (165) 86,509 (2021) (121) Preclinical data: cell Unknown
(ssRNA (+)) line (143)
Sindbis virus (ssRNA | Cytoplasm No known nuclear cargo | Incidence rate in Fin- Slight effect in cell lines | Unknown
) land 7 to 9 per 100 000 |(143)

(166)
Adenovirus (d&sDNA) Nucleus Viral genome enters nu- |47% of US civilians Preclinical data (168) Inhibition of nuclear im-

cleus, mRNA exits (167) port (168)

50

J Indep Med 2025 Vol. 1 No. 1




Table 3. Antitumour mechanisms of ivermectin

Target Effect Reference
MDR protein Inhibition (185)
Chloride channel Increase of activity (186)
Akt/mTOR pathway Inhibition (187)
P2X7/P2X7 receptors Activation (188,189)
PAK1 protein Inhibition (190,191)
WNT-TCF pathway Inhibition (192,193)
SIN3 domain Inhibition (194)
NS3 DDX23 helicase Inhibition (195)
Nanog/Sox2/Oct4 genes Downregulation (196)
YAPI Inhibition (197)
TFE3 reporter Activation (198)
Tubulin polymerization Increase of activity (199)
VEGF and GST Inhibition (200)
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Table 4. An overview of other indications for which ivermectin demonstrates repurposing potential

cination syndrome

19 vaccine dose*

Used by 18% of patients
(228)

Anti-inflammatory (218)
a7nAChr modulation (153,230)
GABA modulation (230)

Indication Number affected State of repurposing evi- | Mechanism Interaction model
dence
Alcohol use disorder | 12.7% of adults (USA, 2013) Pilot study shows efficacy | Antagonist of ethanol inhibition on purinergic P2X4 re- |(211)
(203) (20) ceptors (206-210)
5.1% of global population (204) | Preclinical data in mice
(205)
Amyotrophic lateral |4.42 per 1 million people world- | Preclinical data (213) Potential: inhibits AMPA-mediated toxicity through an- | (211)
sclerosis wide (212) tagonism with P2 receptors (213)
Asthma 4.3% of global adult population | Preclinical data (215) Anti-inflammatory (13,217,218) NF-kB (176)
has doctor-diagnosed asthma Limited case reports (216)
(214)
Rosacea 5.5% of global adult population | Efficacy established in Potential: Anti-inflammatory (inhibits IL-8, IL-6 and
(219) multiple clinical trials MCP-1 secretion) and inhibits KLK5 and CAMP
(220) (221,222)
Atopic dermatitis Prevalence 2690 per 100 000 per- | Preclinical data (224) Anti-inflammatory (224)
sons, or 221 million people (223)
Covid-19 post-vac- | Up to 3% of recipients of Covid- |Mechanistic basis (227) | Spike protein binding (153,229) Spike protein bind-

ing (153,229)

Legend: *Based on a Vaccine Adverse Event Reporting System (VAERS) reporting rate of 0.1% (225) and an under-reporting factor of 31 (226).
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Figure 1. A timeline of the history of Ivermectin discovery and application worldwide
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Figure 2. [IVM binding site and its structural determinants in GluCl and GlyR
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Figure 3. Inhibition of nuclear import by ivermectin

J Indep Med 2025 Vol. 1 No. 1

Cytokine - @

storm o @
S @

55



References

L.

10.

11.

12.

56

Omura S, Crump A. The life and times of iver-
mectin — a success story. Nat Rev Microbiol
2004;2:984-9.

American Chemical Society [Internet]. [cited
2024 Sep 28]. Ivermectin Mectizan. Available
from: https://www.acs.org/educa-
tion/whatischemistry/landmarks/ivermectin-
mectizan.html

Campbell WC. History of Avermectin and Iver-
mectin, with Notes on the History of Other
Macrocyclic Lactone Antiparasitic Agents.
Curr Pharm Biotechnol 13:853-65.
Bonjouklian R, Godfrey OW, Smitka TA, Yao
RC. Strain of streptomyces for producing aver-
mectins and processes therewith [Internet].
US5292647A, 1994 [cited 2024 Sep 28]. Avail-
able from:  https://patents.google.com/pa-
tent/US5292647A/en

Siddique S, Syed Q, Adnan A, Qureshi FA. Iso-
lation, Characterization and Selection of Aver-
mectin-Producing  Streptomyces avermitilis
Strains From Soil Samples. Jundishapur J Mi-
crobiol 2014;7:¢10366.

Saravanan TG, Loganathan A, Rajendran G,
Vasanthakumar RK, Ganapathy K. Bioleaching
of Heavy Metals by Streptomyces avermitilis —
BBAA4 Isolate from Coal Mine Soil of Tamil
Nadu. Curr Microbiol 2022;79:303.

White AT, Newland HS, Taylor HR, Erttmann
KD, Larijani EK, Nara A, et al. Controlled Trial
and Dose-Finding Study of Ivermectin for
Treatment of Onchocerciasis. J Infect Dis
1987;156:463-70.

Krotneva SP, Coffeng LE, Noma M, Zouré
HGM, Bakoné L, Amazigo UV, et al. African
Program for Onchocerciasis Control 1995-
2010: Impact of Annual Ivermectin Mass Treat-
ment on Off-Target Infectious Diseases. PLoS
Negl Trop Dis 2015;9:¢0004051.

Lawrence J, Sodahlon YK, Ogoussan KT, Hop-
kins AD. Growth, Challenges, and Solutions
over 25 Years of Mectizan and the Impact on
Onchocerciasis Control. PLoS Negl Trop Dis
2015;9:e0003507.

Crump A. Ivermectin: enigmatic multifaceted
‘wonder’ drug continues to surprise and exceed
expectations. J Antibiot (Tokyo) 2017;70:495-
505.

Molyneux DH, Ward SA. Reflections on the
Nobel Prize for Medicine 2015 — The Public
Health Legacy and Impact of Avermectin and
Artemisinin. Trends Parasitol 2015;31:605-7.
Drinyaev VA, Mosin VA, Kruglyak EB, Novik
TS, Sterlina TS, Ermakova NV, et al. Antitumor

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

effect of avermectins. Eur J Pharmacol
2004;501:19-23.

Yan S, Ci X, Chen N, Chen C, Li X, Chu X, et
al. Anti-inflammatory effects of ivermectin in
mouse model of allergic asthma. Inflamm Res
2011;60:589-96.

Bryant A, Lawrie TA, Dowswell T, Fordham
EJ, Mitchell S, Hill SR, et al. Ivermectin for
Prevention and Treatment of COVID-19 Infec-
tion: A Systematic Review, Meta-analysis, and
Trial Sequential Analysis to Inform Clinical
Guidelines. Am J Ther 2021;28:e434-60.

Kory P, Meduri GU, Varon J, Iglesias J, Marik
PE. Review of the Emerging Evidence Demon-
strating the Efficacy of Ivermectin in the
Prophylaxis and Treatment of COVID-19. Am
J Ther 2021;28:€299-318.

Lim LE, Vilchéze C, Ng C, Jacobs WR,
Ramon-Garcia S, Thompson CJ. Anthelmintic
avermectins kill Mycobacterium tuberculosis,
including multidrug-resistant clinical strains.
Antimicrob Agents Chemother 2013;57:1040-
6.

JABEEN T, KHADER M, JABEEN S. A RE-
VIEW ON THE ANTIPARASITIC DRUG
IVERMECTIN FOR VARIOUS VIRAL IN-
FECTIONS AND POSSIBILITIES OF USING
IT FOR NOVEL SEVERE ACUTE RESPIRA-
TORY SYNDROME CORONAVIRUS 2:
NEW HOPE TO TREAT CORONAVIRUS
DISEASE-2019. Asian J Pharm Clin Res
2020;21-7.

Liu J, Zhang K, Cheng L, Zhu H, Xu T. Pro-
gress in Understanding the Molecular Mecha-
nisms Underlying the Antitumour Effects of
Ivermectin. Drug Des Devel Ther 2020;14:
285-96.

Loscher W. Is the antiparasitic drug ivermectin
a suitable candidate for the treatment of epi-
lepsy? Epilepsia 2023;64:553-66.

Roche DJO, Yardley MM, Lunny KF, Louie
SG, Davies DL, Miotto K, et al. A Pilot Study
of the Safety and Initial Efficacy of Ivermectin
for the Treatment of Alcohol Use Disorder. Al-
cohol Clin Exp Res 2016;40:1312-20.

Martin RJ, Robertson AP, Choudhary S. Iver-
mectin: An Anthelmintic, an Insecticide, and
Much More. Trends Parasitol 2021;37:48-64.
Guzzo CA, Furtek CI, Porras AG, Chen C, Tip-
ping R, Clineschmidt CM, et al. Safety, tolera-
bility, and pharmacokinetics of escalating high
doses of ivermectin in healthy adult subjects. J
Clin Pharmacol 2002;42:1122-33.

Chen IS, Kubo Y. Ivermectin and its target

J Indep Med 2025 Vol. 1 No. 1



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

molecules: shared and unique modulation
mechanisms of ion channels and receptors by
ivermectin. J Physiol 2018;596:1833-45.
Winthrop KL, Furtado JM, Silva JC, Resnikoff
S, Lansingh VC. River Blindness: An Old Dis-
ease on the Brink of Elimination and Control. J
Glob Infect Dis 2011;3:151.

African Programme for Onchocerciasis Control
- report of the sixth meeting of National Task
Forces, October 2009. Releve Epidemiol Hebd
2010;85:23-8.

Basafiez MG, Pion SDS, Churcher TS, Breitling
LP, Little MP, Boussinesq M. River Blindness:
A Success Story under Threat? PLoS Med
2006;3:e371.

Brattig NW, Cheke RA, Garms R. Onchocerci-
asis (river blindness) - more than a century of
research and control. Acta Trop 2021;218:
105677.

Wildenburg, Korten, Mainuka, Biittner. Iver-
mectin influence on the mast cell activity in
nodules of onchocerciasis patients. Trop Med
Int Health 1998;3:918-25.

Bernhardt V, Finkelmeier F, Verhoff MA,
Amendt J. Myiasis in humans—a global case
report evaluation and literature analysis. Parasi-
tol Res 2019;118:389-97.

Patel BC, Ostwal S, Sanghavi PR, Joshi G,
Singh R. Management of Malignant Wound
Myiasis with Ivermectin, Albendazole, and
Clindamycin (Triple Therapy) in Advanced
Head-and-Neck Cancer Patients: A Prospective
Observational Study. Indian J Palliat Care
2018;24:459-64.

Al-Eissa GS, Gammaz HA, Mohamed Hassan
MF, Abdel-Fattah AM, Al-Kholany KM, Hal-
ami MY. Evaluation of the therapeutic and pro-
tective effects of ivermectin and permethrin in
controlling of wound myiasis infestation in
sheep. Parasitol Res 2008;103:379-85.

Atif M, Estrada-Mondragon A, Nguyen B,
Lynch JW, Keramidas A. Effects of glutamate
and ivermectin on single glutamate-gated chlo-
ride channels of the parasitic nematode H. con-
tortus. PLoS Pathog 2017;13:¢1006663.
Elmehy DA, Gamea GA, El-Guindy DM, Ta-
hoon DM, Elkholy RA, Zoghroban HS. Mox-
idectin versus Ivermectin in the prevention and
treatment of acute and chronic experimental
trichinellosis. Exp Parasitol 2024;262:108775.
Mohamed SMAG, Taha AAR, Abdel Hamed
EF, Fawzy EM. Updated Treatment Modalities
of Trichinellosis: Review Article. Egypt J Hosp
Med [Internet]. 2022 Oct 1 [cited 2024 Sep 28];
Available from: https://journals.ekb.eg/arti-

J Indep Med 2025 Vol. 1 No. 1

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

cle 276901 .html

Hassan ZR, El-Sayed S, Zekry KM, Ahmed SG,
Hassan Abd Elhamid A, Salama DEA, et al.
Evaluation of muscular apoptotic changes and
myogenin gene expression in experimental
trichinosis after stem cells and atorvastatin
added to ivermectin treatment. Exp Parasitol
2024;265:108823.

CDC. Soil-Transmitted Helminths. 2024 [cited
2024 Sep 20]. About Whipworms. Available
from: https://www.cdc.gov/sth/about/whip-
worms.html

GM,AS,JaG,MJ,LC, AE, etal. Efficacy
and Safety of Albendazole and High-Dose Iver-
mectin Coadministration in School-Aged Chil-
dren Infected With Trichuris trichiura in Hon-
duras: A Randomized Controlled Trial. Clin In-
fect Dis Off Publ Infect Dis Soc Am [Internet].
2021 Oct 5 [cited 2024 Sep 18];73(7). Available
from: https://pub-
med.ncbi.nlm.nih.gov/33906234/

Organization WH. World malaria report 2023.
World Health Organization; 2023. 356 p.
Ouédraogo AL, Bastiaens GJH, Tiono AB,
Guelbéogo WM, Kobylinski KC, Ouédraogo A,
et al. Efficacy and Safety of the Mosquitocidal
Drug Ivermectin to Prevent Malaria Transmis-
sion After Treatment: A Double-Blind, Ran-
domized, Clinical Trial. Clin Infect Dis
2015;60:357-65.

BdF,HA,JaS,SR, TM, M W, et al. Efficacy
and risk of harms of repeat ivermectin mass
drug administrations for control of malaria
(RIMDAMAL): a cluster-randomised trial.
Lancet Lond Engl [Internet]. 2019 Apr 13 [cited
2024 Sep 18];393(10180). Available from:
https://pubmed.ncbi.nlm.nih.gov/30878222/
Singh L, Singh K. Ivermectin: A Promising
Therapeutic for Fighting Malaria. Current Sta-
tus and Perspective. J Med Chem 2021;64:
9711-31.

Meyers JI, Gray M, Kuklinski W, Johnson LB,
Snow CD, Black WC 1V, et al. Characterization
of the target of ivermectin, the glutamate-gated
chloride channel, from Anopheles gambiae. J
Exp Biol 2015;218:1478-86.

Kern C, Miiller P, Chaccour C, Liechti ME,
Hammann F, Duthaler U. Pharmacokinetics of
ivermectin metabolites and their activity against
Anopheles stephensi mosquitoes. Malar J
2023;22:194.

Wagstaff KM, Rawlinson SM, Hearps AC, Jans
DA. An AlphaScreen®-Based Assay for High-
Throughput Screening for Specific Inhibitors of
Nuclear Import. SLAS Discov 2011;16:192-

57



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

58

200.

Molan A, Nosaka K, Hunter M, Wang W.
Global status of Toxoplasma gondii infection:
systematic review and prevalence snapshots.
Trop Biomed 2019;36:898-925.

Bilgin M, Yildirim T, Hékelek M. In Vitro Ef-
fects of Ivermectin and Sulphadiazine on Tox-
oplasma gondii. Balk Med J 2013;2013:19-22.
Fahmy MEA, Shalaby MA, Issa R, Badawi M,
Magdy M, Afife AA, et al. Ivermectin modu-
lated cerebral y-aminobutyric acid (GABA)
and reduced the number of chronic Toxo-
plasma gondii cysts significantly in the brains
of immunocompromised mice. J Parasit Dis
2023;47:635-43.

Antczak M, Dzitko K, Dhugonska H. Human
toxoplasmosis—Searching for novel chemo-
therapeutics. Biomed Pharmacother 2016;82:
677-84.

Fogang YF, Savadogo AA, Camara M, Toffa
DH, Basse A, Sow AD, et al. Managing neu-
rocysticercosis: challenges and solutions. Int J
Gen Med 2015;8:333-44.

Samannodi MS, Zhao A, Hasbun R. Use of
Ivermectin in Neurocysticercosis: A Case Re-
port. Am J Case Rep 2018;19:1378-81.

da Silva Santana RC, Prudente TP, de Sousa
Guerra CH, de Lima NF, de Souza Lino Junior
R, Vinaud MC. Albendazole — Ivermectin
combination decreases inflammation in exper-
imental neurocysticercosis. Exp Parasitol
2023;251:108568.

Lyons ET, Bellaw JL, Dorton AR, Tolliver SC.
Efficacy of moxidectin and an ivermectin-pra-
ziquantel combination against ascarids, stron-
gyles, and tapeworms in Thoroughbred year-
lings in field tests on a farm in Central Ken-
tucky in 2016. Vet Parasitol Reg Stud Rep
2017;8:123-6.

Alvar J, Vélez ID, Bern C, Herrero M, Desjeux
P, Cano J, et al. Leishmaniasis Worldwide and
Global Estimates of Its Incidence. PLOS ONE
2012;7:e35671.

Freitas CS, Lage DP, Machado AS, Vale DL,
Martins VT, Cardoso JMO, et al. Exploring
drug repositioning for leishmaniasis treatment:
Ivermectin plus polymeric micelles induce im-
munological response and protection against
tegumentary leishmaniasis. Cytokine 2023;
164:156143.

Reis TAR, Oliveira-da-Silva JA, Tavares
GSV, Mendonga DVC, Freitas CS, Costa RR,
et al. Ivermectin presents effective and selec-
tive antileishmanial activity in vitro and in vivo
against Leishmania infantum and is therapeu-

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

tic against visceral leishmaniasis. Exp Parasitol
2021;221:108059.

Alonso L, Dorta ML, Alonso A. Ivermectin and
curcumin cause plasma membrane rigidity in
Leishmania amazonensis due to oxidative
stress. Biochim Biophys Acta BBA - Biomembr
2022;1864:183977.

CsF,DpL, AsM, DIV, Vt M, Jmo C, et al.
Exploring drug repositioning for leishmaniasis
treatment: Ivermectin plus polymeric micelles
induce immunological response and protection
against tegumentary leishmaniasis. Cytokine
[Internet]. 2023 Apr [cited 2024 Sep 13];164.
Available from: https://pub-
med.ncbi.nlm.nih.gov/36774730/

Reis TAR, Oliveira-da-Silva JA, Tavares GSV,
Mendon¢a DVC, Freitas CS, Costa RR, et al.
Ivermectin presents effective and selective an-
tileishmanial activity in vitro and in vivo against
Leishmania infantum and is therapeutic against
visceral ~ leishmaniasis. =~ Exp  Parasitol
2021;221:108059.

Welburn SC, Odiit M. Recent developments in
human African trypanosomiasis. Curr Opin In-
fect Dis 2002;15:477-84.

Pfarr KM, Krome AK, Al-Obaidi I, Batchelor
H, Vaillant M, Hoerauf A, et al. The pipeline for
drugs for control and elimination of neglected
tropical diseases: 2. Oral anti-infective drugs
and drug combinations for off-label use. Parasit
Vectors 2023;16:394.

Udensi UK, Fagbenro-Beyioku AF. Effect of
ivermectin on trypanosoma brucei brucei in ex-
perimentally infected mice. J Vector Borne Dis
2012;49:143.

Fraccaroli L, Ruiz MD, Perdomo VG, Clausi
AN, Balcazar DE, Larocca L, et al. Broadening
the spectrum of ivermectin: Its effect on Trypa-
nosoma cruzi and related trypanosomatids.
Front Cell Infect Microbiol [Internet]. 2022 Jul
28 [cited 2024 Sep 7];12. Available from:
https://www.frontiersin.org/journals/cellular-
and-infection-microbiology/arti-
cles/10.3389/fcimb.2022.885268/full

Yang SNY, Atkinson SC, Wang C, Lee A, Bo-
goyevitch MA, Borg NA, et al. The broad spec-
trum antiviral ivermectin targets the host nu-
clear transport importin o/pf1 heterodimer. An-
tiviral Res 2020;177:104760.

Udensi UK, Fagbenro-Beyioku AF. Effect of
ivermectin on trypanosoma brucei brucei in ex-
perimentally infected mice. J Vector Borne Dis
2012;49:143.

Sterkel M, Haines LR, Casas-Sanchez A,
Adung’a VO, Vionette-Amaral RJ, Quek S, et

J Indep Med 2025 Vol. 1 No. 1



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

al. Repurposing the orphan drug nitisinone to
control the transmission of African trypanoso-
miasis. PLOS Biol 2021;19:¢3000796.
Stanaway JD, Roth G. The Burden of Chagas
Disease: Estimates and Challenges. Glob
Heart 2015;10:139-44.

Dias JCP, Schofield CJ, Machado EM, Fer-
nandes AJ. Ticks, ivermectin, and experi-
mental Chagas disease. Mem Inst Oswaldo
Cruz 2005;100:829-32.

Taman A, El-Beshbishi S, El-Tantawy N, El-
Hawary A, Azab M. Evaluation of the in vivo
effect of ivermectin on Schistosoma mansoni
in experimentally-infected mice. J Coast Life
Med 2014;2:817-23.

Vicente B, Lopez-Aban J, Chaccour J, Hernan-
dez-Goenaga J, Nicolas P, Fernandez-Soto P,
et al. The effect of ivermectin alone and in
combination with cobicistat or elacridar in ex-
perimental Schistosoma mansoni infection in
mice. Sci Rep 2021;11:4476.

Gholami MH, Hashemi F, Entezari M. Iver-
mectin: An Effective Remedy Against Various
Diseases: A Literature Review. Arch Adv Bi-
osci 2023;13:1-10.

Hibbs RE, Gouaux E. Principles of activation
and permeation in an anion-selective Cys-loop
receptor. Nature 2011;474:54-60.

Potter MF, Rosenberg B, Henriksen M. Bugs
without borders-executive summary. Fairfax
VA Natl Pest Manag Assoc 2010.

Sheele JM, Anderson JF, Tran TD, Teng YA,
Byers PA, Ravi BS, et al. Ivermectin Causes
Cimex lectularius (Bedbug) Morbidity and
Mortality. J Emerg Med 2013;45:433-40.
Dowell SF, Sejvar JJ, Riek L, Vandemaele
KAH, Lamunu M, Kuesel AC, et al. Nodding
Syndrome. Emerg Infect Dis 2013;19:1374-
1373.

Colebunders R, Post R, O’Neill S, Haesaert G,
Opar B, Lakwo T, et al. Nodding syndrome
since 2012: recent progress, challenges and
recommendations for future research. Trop
Med Int Health 2015;20:194-200.
Colebunders R, Hendy A, Mokili JL, Wamala
JF, Kaducu J, Kur L, et al. Nodding syndrome
and epilepsy in onchocerciasis endemic re-
gions: comparing preliminary observations
from South Sudan and the Democratic Repub-
lic of the Congo with data from Uganda. BMC
Res Notes 2016;9:182.

Study Details | Study Comparing Moxidectin
And Ivermectin In Subjects With Onchocerca
Volvulus Infection | ClinicalTrials.gov [Inter-
net]. [cited 2024 Sep 18]. Available from:

J Indep Med 2025 Vol. 1 No. 1

78.

79.

80.

&1.

82.

&3.

&4.

85.

86.

https://clinicaltri-
als.gov/study/NCT00790998?intr=Ivermec-
tin&page=3&rank=30

Manavi MA, Toutounchian S, Afsahi §,
Ebrahim Soltani Z, Mohammad Jafari R,
Dehpour AR. Ivermectin Exerts Anticonvulsant
Effects Against Status Epilepticus Induced by
Lithium-Pilocarpine in Rats via GABAA Re-
ceptor and Neuroinflammation Modulation:
Possible Interaction of Opioidergic Pathways
and KATP Channel with Nitrergic System. Mol
Neurobiol [Internet]. 2024 Feb 29 [cited 2024
Sep 71; Available from:
https://doi.org/10.1007/s12035-024-04061-3
Manavi MA, Jafari RM, Shafaroodi H,
Ejtemaei-Mehr S, Sharifzadeh M, Dehpour AR.
Anticonvulsant effects of ivermectin on pen-
tylenetetrazole- and maximal electroshock-in-
duced seizures in mice: the role of GABAergic
system and KATP channels. Heliyon [Internet].
2022 Nov 1 [cited 2024 Sep 7];8(11). Available
from: https://www.cell.com/heliyon/ab-
stract/S2405-8440(22)02663-9

Fukunaga R. Epidemiology of Tuberculosis and
Progress Toward Meeting Global Targets —
Worldwide, 2019. MMWR Morb Mortal Wkly
Rep [Internet]. 2021 [cited 2024 Sep 14];70.
Available from:
https://www.cdc.gov/mmwr/vol-
umes/70/wr/mm?7012a4.htm

Laing R, Gillan V, Devaney E. Ivermectin — Old
Drug, New Tricks? Trends Parasitol
2017;33:463-72.

Ezquerra-Aznarez JM, Degiacomi G, GaSpa-
rovi¢ H, Stelitano G, Sammartino JC, Kor-
duldkova J, et al. The Veterinary Anti-Parasitic
Selamectin Is a Novel Inhibitor of the Myco-
bacterium tuberculosis DprE1 Enzyme. Int J
Mol Sci 2022;23:771.

Roltgen K, Pluschke G. Epidemiology and dis-
ease burden of Buruli ulcer: a review. Res Rep
Trop Med 2015;6:59-73.

Scherr N, Pluschke G, Thompson CJ, Ramoén-
Garcia S. Selamectin s the Avermectin with the
Best Potential for Buruli Ulcer Treatment.
PLoS Negl Trop Dis 2015;9:¢0003996.
Boulware DR, Stauffer WM, Hendel-Paterson
BR, Rocha JLL, Seet RCS, Summer AP, et al.
Maltreatment of Strongyloides Infection: Case
Series and Worldwide Physicians-in-Training
Survey. Am J Med 2007;120:545.e1-8.
Donadello K, Cristallini S, Taccone FS, Lorent
S, Vincent JL, de Backer D, et al. Strongyloides
disseminated infection successfully treated with
parenteral ivermectin: case report with drug

59



&7.

88.

9.

90.

91.

92.

93.

94.

95.

96.

60

concentration measurements and review of the
literature. Int J  Antimicrob  Agents
2013;42:580-3.

Zeitler K, Jariwala R, Restrepo-Jaramillo R,
Kapadia S, Casanas B, Alrabaa S, et al. Suc-
cessful use of subcutaneous ivermectin for the
treatment of Strongyloides stercoralis hyperin-
fection in the setting of small bowel obstruc-
tion and paralytic ileus in the immunocompro-
mised population. Case Rep 2018;2018:bcr.
Pacanowski J, Santos MD, Roux A, LE
Maignan C, Guillot J, Lavarde V, et al. Subcu-
taneous ivermectin as a safe salvage therapy in
Strongyloides stercoralis hyperinfection syn-
drome: a case report. Am J Trop Med Hyg
2005;73:122-4.

Barrett J, Broderick C, Soulsby H, Wade P,
Newsholme W. Subcutaneous ivermectin use
in the treatment of severe Strongyloides ster-
coralis infection: two case reports and a discus-
sion of the literature. J Antimicrob Chemother
2016;71:220-5.

Horvath A, Neubrandt D, Ghidan A, Nagy K.
Risk factors and prevalence of Demodex mites
in young adults. 2011 Jun 29 [cited 2024 Sep

16];  Available  from:  https://akjour-
nals.com/view/journals/030/58/2/article-
pl45.xml

Clyti E, Nacher M, Sainte-Marie D, Pradinaud
R, Couppie P. Ivermectin treatment of three
cases of demodecidosis during human immu-
nodeficiency virus infection. Int J Dermatol
2006;45:1066-8.

Vinkeles Melchers NVS, Coffeng LE, Bous-
sinesq M, Pedrique B, Pion SDS, Tekle AH, et
al. Projected Number of People With Oncho-
cerciasis—Loiasis Coinfection in Africa, 1995
to 2025. Clin Infect Dis 2020;70:2281-9.
SR,AG,MB,JG,JK,JpC. Decreased prev-
alence and intensity of Loa loa infection in a
community treated with ivermectin every three
months for two years. Trans R Soc Trop Med
Hyg [Internet]. 1996 Aug [cited 2024 Sep
18];90(4). Available from: https://pub-
med.ncbi.nlm.nih.gov/8882197/

Vos T, Allen C, Arora M, Barber RM, Bhutta
ZA, Brown A, et al. Global, regional, and na-
tional incidence, prevalence, and years lived
with disability for 310 diseases and injuries,
1990-2015: a systematic analysis for the
Global Burden of Disease Study 2015. The
Lancet 2016;388:1545-602.

Fawcett RS. Ivermectin Use in Scabies. Am
Fam Physician 2003;68:1089-92.
Hatam-Nahavandi K, Ahmadpour E, Pashaza-

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

deh F, Dezhkam A, Zarean M, Rafiei-
Sefiddashti R, et al. Pediculosis capitis among
school-age students worldwide as an emerging
public health concern: a systematic review and
meta-analysis of past five decades. Parasitol
Res 2020;119:3125-43.
OC,BG,JC,ALLRH, SgM, etal. Oral iver-
mectin versus malathion lotion for difficult-to-
treat head lice. N Engl J Med [Internet]. 2010
Mar 11 [cited 2024 Sep 18];362(10). Available
from: https://pub-
med.ncbi.nlm.nih.gov/20220184/

Joshi PL. Epidemiology of Lymphatic Filaria-
sis. In: Tyagi BK, editor. Lymphatic Filariasis:
Epidemiology, Treatment and Prevention -
The Indian Perspective [Internet]. Singapore:
Springer; 2018 [cited 2024 Sep 20]. p. 1-14.
Available from: https://doi.org/10.1007/978-
981-13-1391-2 1

Ap P, Wc C, Gj van O, Jd H. Efficacy of iver-
mectin in the treatment of Wuchereria ban-
crofti infection: a model-based analysis of trial
results. Parasitology [Internet]. 1999 Oct [cited
2024 Sep 18];119 ( Pt 4). Available from:
https://pubmed.ncbi.nlm.nih.gov/10581617/
Darmstadt GL, Lane AT. Impetigo: An Over-
view. Pediatr Dermatol 1994;11:293-303.
Gahlawat G, Tesfaye W, Bushell M, Abrha S,
Peterson GM, Mathew C, et al. Emerging
Treatment Strategies for Impetigo in Endemic
and Nonendemic Settings: A Systematic Re-
view. Clin Ther 2021;43:986-1006.
MM,HT,CB,CK,JA, EP, et al. Random-
ized Trial of Community Treatment With
Azithromycin and Ivermectin Mass Drug Ad-
ministration for Control of Scabies and Impe-
tigo. Clin Infect Dis Off Publ Infect Dis Soc
Am [Internet]. 2019 Mar 5 [cited 2024 Sep
18];68(6). Awvailable from: https://pub-
med.ncbi.nlm.nih.gov/29985978/

Simarro PP, Cecchi G, Franco JR, Paone M,
Diarra A, Ruiz-Postigo JA, et al. Estimating
and Mapping the Population at Risk of Sleep-
ing Sickness. PLoS Negl Trop Dis 2012;6:
el1859.

Martin AJ, Jans DA. Antivirals that target the
host IMPa/B1-virus interface. Biochem Soc
Trans 2021;49:281-95.

Ali R, Islam SU. Chemistry and biological ac-
tivities of ivermectin. John Wiley & Sons;
2023.

Adegboro B, Lawani O, Oriaifo S, Abayomi S.
A review of the anti-viral effects of ivermectin.
Afr J Clin Exp Microbiol 2021;22:322-9.

Jans DA, Martin AJ, Wagstaff KM. Inhibitors

J Indep Med 2025 Vol. 1 No. 1



108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

of nuclear transport. Curr Opin Cell Biol
2019;58:50-60.

Cohen S, Etingov I, Panté N. Chapter Three -
Effect of Viral Infection on the Nuclear Enve-
lope and Nuclear Pore Complex. In: Jeon KW,
editor. International Review of Cell and Mo-
lecular Biology [Internet]. Academic Press;
2012 [cited 2024 Sep 28]. p. 117-59. (Interna-
tional Review of Cell and Molecular Biology;
vol. 299). Available from: https://www.sci-
encedirect.com/science/arti-
cle/pii/B9780123943101000035

Tessier TM, Dodge MJ, Prusinkiewicz MA,
Mymryk JS. Viral Appropriation: Laying
Claim to Host Nuclear Transport Machinery.
Cells 2019;8:559.

Fontoura BM, Faria PA, Nussenzveig DR. Vi-
ral Interactions with the Nuclear Transport
Machinery: Discovering and Disrupting Path-
ways. [UBMB Life 2005;57:65-72.

Mabhipal A, Malafa M. Importins and exportins
as therapeutic targets in cancer. Pharmacol
Ther 2016;164:135-43.

Wehbe Z, Wehbe M, Iratni R, Pintus G, Zara-
ket H, Yassine HM, et al. Repurposing Iver-
mectin for COVID-19: Molecular Aspects and
Therapeutic Possibilities. Front Immunol [In-
ternet]. 2021 Mar 30 [cited 2024 Sep 14];12.
Available from: https://www.fron-
tiersin.org/journals/immunology/arti-
cles/10.3389/fimmu.2021.663586/full
HeH,OuZ,YuD,LiY, Liang Y, He W, et al.
Spatial and Temporal Trends in HIV/AIDS
Burden Among Worldwide Regions From
1990 to 2019: A Secondary Analysis of the
Global Burden of Disease Study 2019. Front
Med [Internet]. 2022 May 12 [cited 2024 Aug
23];9. Available from: https:/www.fron-
tiersin.org/journals/medicine/arti-
cles/10.3389/fmed.2022.808318/full
Wagstaff KM, Sivakumaran H, Heaton SM,
Harrich D, Jans DA. Ivermectin is a specific
inhibitor of importin o/B-mediated nuclear im-
port able to inhibit replication of HIV-1 and
dengue virus. Biochem J 2012;443:851-6.
Wagstaff KM, Sivakumaran H, Heaton SM,
Harrich D, Jans DA. Ivermectin is a specific
inhibitor of importin o/B-mediated nuclear im-
port able to inhibit replication of HIV-1 and
dengue virus. Biochem J 2012;443:851-6.
Boulo S, Akarsu H, Ruigrok RWH, Baudin F.
Nuclear traffic of influenza virus proteins and
ribonucleoprotein complexes. Virus Res
2007;124:12-21.

World Health Organization. Global influenza

J Indep Med 2025 Vol. 1 No. 1

118.

119.

120.

121.

122.

123.

124.

125.

126.

strategy 2019-2030. 2019.

Paget J, Spreeuwenberg P, Charu V, Taylor
R1J, Tuliano AD, Bresee J, et al. Global mortal-
ity associated with seasonal influenza epidem-
ics: New burden estimates and predictors from
the GLaMOR Project. J Glob Health
2019;9:020421.

Gotz V, Magar L, Dornfeld D, Giese S, Pohl-
mann A, Hoper D, et al. Influenza A viruses
escape from MxA restriction at the expense of
efficient nuclear vVRNP import. Sci Rep
2016;6:23138.

Darapaneni V, Jaldani A. In silico binding site
detection of ivermectin with influenza A virus
NS1 protein. DYSONA - Life Sci 2022;3:36-
40.

Liang Y, Dai X. The global incidence and
trends of three common flavivirus infections
(Dengue, yellow fever, and Zika) from 2011 to
2021. Front Microbiol [Internet]. 2024 Aug 14
[cited 2024 Sep 16];15. Available from:
https://www.frontiersin.org/journals/microbi-
ology/arti-
cles/10.3389/fmicb.2024.1458166/full
Johansson M, Brooks AJ, Jans DA, Vasudevan
SG. A small region of the dengue virus-en-
coded RNA-dependent RNA polymerase,
NS35, confers interaction with both the nuclear
transport receptor importin-f3 and the viral hel-
icase, NS3. J Gen Virol 2001;82:735-45.
Fraser JE, Rawlinson SM, Wang C, Jans DA,
Wagstaff KM. Investigating Dengue Virus
Nonstructural Protein 5 (NS5) Nuclear Import.
In: Padmanabhan R, Vasudevan SG, editors.
Dengue: Methods and Protocols [Internet].
New York, NY: Springer; 2014 [cited 2024
Sep 28]. p. 301-28. Available from:
https://doi.org/10.1007/978-1-4939-0348-
119

Tay MYF, Fraser JE, Chan WKK, Moreland
NJ, Rathore AP, Wang C, et al. Nuclear local-
ization of dengue virus (DENV) 1-4 non-
structural protein 5; protection against all 4
DENV serotypes by the inhibitor Ivermectin.
Antiviral Res 2013;99:301-6.

Palacios-Rapalo SN, Farfan-Morales CN,
Cordero-Rivera CD, Jesus-Gonzalez LAD,
Reyes-Ruiz JM, Meraz-Rios MA, et al. An
ivermectin — atorvastatin combination impairs
nuclear transport inhibiting dengue infection in
vitro and in vivo. iScience [Internet]. 2023 Dec
15 [cited 2024 Sep 18];26(12). Available from:
https://www.cell.com/iscience/ab-
stract/S2589-0042(23)02371-4

Xu TL, Han Y, Liu W, Pang XY, Zheng B,

61



127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

62

Zhang Y, et al. Antivirus effectiveness of iver-
mectin on dengue virus type 2 in Aedes al-
bopictus. PLoS Negl Trop Dis
2018;12:e0006934.

Ooi EE. Repurposing Ivermectin as an Anti-
dengue Drug. Clin Infect Dis 2021;72:¢594-5.
Suputtamongkol Y, Avirutnan P, Mairiang D,
Angkasekwinai N,  Niwattayakul K,
Yamasmith E, et al. Ivermectin Accelerates
Circulating Nonstructural Protein 1 (NSI1)
Clearance in Adult Dengue Patients: A Com-
bined Phase 2/3 Randomized Double-blinded
Placebo Controlled Trial. Clin Infect Dis
2021;72:586-93.

Study Details | Pharmacokinetics and Pharma-
codynamics of Ivermectin in Pediatric Dengue
Patients | ClinicalTrials.gov [Internet]. [cited
2024 Sep 18]. Available from: https://clinical-
trials.gov/study/NCT03432442?cond=Den-
gue&intr=Ivermectin&rank=2

No Results Posted | Efficacy and Safety of
Ivermectin Against Dengue Infection | Clini-
calTrials.gov [Internet]. [cited 2024 Sep 18].
Available from: https://clinicaltri-
als.gov/study/NCT02045069?cond=Den-
gue&intr=Ivermectin&rank=1&tab=results
Da Silva S, Oliveira Silva Martins D, Jardim
ACG. A Review of the Ongoing Research on
Zika Virus Treatment. Viruses 2018;10:255.
Surnar B, Kamran MZ, Shah AS, Basu U, Kol-
ishetti N, Deo S, et al. Orally Administrable
Therapeutic Synthetic Nanoparticle for Zika
Virus. ACS Nano 2019;13:11034-48.
Barrows NJ, Campos RK, Powell ST, Prasanth
KR, Schott-Lerner G, Soto-Acosta R, et al. A
Screen of FDA-Approved Drugs for Inhibitors
of Zika Virus Infection. Cell Host Microbe
2016;20:259-70.

Betancur-Galvis L, Jimenez-Jarava OJ, Rivas
F, Mendoza-Hernandez WE, Gonzalez-
Cardenete MA. Synergistic In Vitro Antiviral
Effect of Combinations of Ivermectin, Essen-
tial Oils, and 18-(Phthalimid-2-yl)ferruginol
against Arboviruses and Herpesvirus. Pharma-
ceuticals 2023;16:1602.

Wang C, Yang SNY, Smith K, Forwood JK,
Jans DA. Nuclear import inhibitor N-(4-hy-
droxyphenyl) retinamide targets Zika virus
(ZIKV) nonstructural protein 5 to inhibit
ZIKV infection. Biochem Biophys Res Com-
mun 2017;493:1555-9.

Ketkar H, Yang L, Wormser GP, Wang P.
Lack of efficacy of ivermectin for prevention
of a lethal Zika virus infection in a murine sys-
tem. Diagn Microbiol Infect Dis 2019;95:38-

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

40.

Ji W, Luo G. Zika virus NS5 nuclear accumu-
lation is protective of protein degradation and
is required for viral RNA replication. Virology
2020;541:124-35.

Thomas S, Rai J, John L, Schaefer S, Piitzer
BM, Herchenréder O. Chikungunya virus cap-
sid protein contains nuclear import and export
signals. Virol J 2013;10:269.

Moizéis RNC, Fernandes TAA de M, Guedes
PM da M, Perecira HWB, Lanza DCF, de
Azevedo JWV, et al. Chikungunya fever: a
threat to global public health. Pathog Glob
Health 2018;112:182-94.

Varghese FS, Kaukinen P, Glasker S,
Bespalov M, Hanski L, Wennerberg K, et al.
Discovery of berberine, abamectin and iver-
mectin as antivirals against chikungunya and
other alphaviruses. Antiviral Res
2016;126:117-24.

Kovacikova K, van Hemert MJ. Small-Mole-
cule Inhibitors of Chikungunya Virus: Mecha-
nisms of Action and Antiviral Drug Re-
sistance. Antimicrob Agents Chemother
2020;64:10.1128/aac.01788-20.

Study Details | Oral Ivermectin for Chikungu-
nya Viral Infection | ClinicalTrials.gov [Inter-
net]. [cited 2024 Sep 18]. Available from:
https://clinicaltri-
als.gov/study/NCT06259383?intr=Ivermec-
tin&page=3&rank=28

Varghese FS, Kaukinen P, Glasker S,
Bespalov M, Hanski L, Wennerberg K, et al.
Discovery of berberine, abamectin and iver-
mectin as antivirals against chikungunya and
other alphaviruses. Antiviral Res
2016;126:117-24.

Nakanishi A, Okumura H, Hashita T, Yama-
shita A, Nishimura Y, Watanabe C, et al. Iver-
mectin Inhibits HBV Entry into the Nucleus by
Suppressing KPNA2. Viruses 2022;14:2468.
Hepatitis E [Internet]. [cited 2024 Sep 16].
Available from: https://www.who.int/news-
room/fact-sheets/detail/hepatitis-e

LiY, Miao Z, Li P, Zhang R, Kainov DE, Ma
Z, et al. Ivermectin effectively inhibits hepati-
tis E virus replication, requiring the host nu-
clear transport protein importin al. Arch Virol
2021;166:2005-10.

James C, Harfouche M, Welton NJ, Turner
KM, Abu-Raddad LJ, Gottlieb SL, et al. Her-
pes simplex virus: global infection prevalence
and incidence estimates, 2016. Bull World
Health Organ 2020;98:315-29.

Miyamoto Y, Itoh Y, Suzuki T, Tanaka T, Sa-

J Indep Med 2025 Vol. 1 No. 1



149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

kai Y, Koido M, et al. SARS-CoV-2 ORF6 dis-
rupts nucleocytoplasmic trafficking to advance
viral replication. Commun Biol 2022;5:1-15.
Miorin L, Kehrer T, Sanchez-Aparicio MT,
Zhang K, Cohen P, Patel RS, et al. SARS-
CoV-2 Orf6 hijacks Nup98 to block STAT nu-
clear import and antagonize interferon signal-
ing. Proc Natl Acad Sci 2020;117:28344-54.
Ritchie H, Mathieu E, Rodés-Guirao L, Appel
C, Giattino C, Ortiz-Ospina E, et al. Corona-
virus Pandemic (COVID-19). Our World Data
2020.

Rajter JC, Sherman MS, Fatteh N, Vogel F,
Sacks J, Rajter JJ. Use of Ivermectin Is Asso-
ciated With Lower Mortality in Hospitalized
Patients With Coronavirus Disease 2019: The
Ivermectin in COVID Nineteen Study. Chest
2021;159:85-92.

Tan YL, Tan KSW, Chu JJH, Chow VT. Com-
bination Treatment With Remdesivir and Iver-
mectin Exerts Highly Synergistic and Potent
Antiviral Activity Against Murine Corona-
virus Infection. Front Cell Infect Microbiol
[Internet]. 2021 Jul 30 [cited 2024 Sep 16];11.
Available from: https://www.fron-
tiersin.org/journals/cellular-and-infection-mi-
crobiology/arti-
cles/10.3389/fcimb.2021.700502/full
Aminpour M, Cannariato M, Preto J, Sa-
faeeardebili ME, Moracchiato A, Doria D, et
al. In Silico Analysis of the Multi-Targeted
Mode of Action of Ivermectin and Related
Compounds. Computation 2022;10:51.

Low ZY, Yip AJW, Lal SK. Repositioning
Ivermectin for Covid-19 treatment: Molecular
mechanisms of action against SARS-CoV-2
replication. Biochim Biophys Acta BBA - Mol
Basis Dis 2022;1868:166294.

Azam F, Taban IM, Eid EEM, Igbal M, Alam
0O, Khan S, et al. An in-silico analysis of iver-
mectin interaction with potential SARS-CoV-
2 targets and host nuclear importin a. J Biomol
Struct Dyn 2022;40:285-64.

Atasheva S, Garmashova N, Frolov I, Frolova
E. Venezuelan Equine Encephalitis Virus Cap-
sid Protein Inhibits Nuclear Import in Mam-
malian but Not in Mosquito Cells. J Virol
2008;82:4028-41.

Atasheva S, Fish A, Fornerod M, Frolova EI.
Venezuelan Equine Encephalitis Virus Capsid
Protein Forms a Tetrameric Complex with
CRMI and Importin o/f That Obstructs Nu-
clear Pore Complex Function. J Virol
2010;84:4158-71.

Lundberg L, Pinkham C, Baer A, Amaya M,

J Indep Med 2025 Vol. 1 No. 1

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

Narayanan A, Wagstaff KM, et al. Nuclear im-
port and export inhibitors alter capsid protein
distribution in mammalian cells and reduce
Venezuelan Equine Encephalitis Virus replica-
tion. Antiviral Res 2013;100:662-72.

Shechter S, Thomas DR, Lundberg L,
Pinkham C, Lin SC, Wagstaff KM, et al. Novel
inhibitors targeting Venezuelan equine en-
cephalitis virus capsid protein identified using
In Silico Structure-Based-Drug-Design. Sci
Rep 2017;7:17705.

Chancey C, Grinev A, Volkova E, Rios M. The
Global Ecology and Epidemiology of West
Nile Virus. BioMed Res Int 2015;2015:
376230.

Mastrangelo E, Pezzullo M, De Burghgraeve
T, Kaptein S, Pastorino B, Dallmeier K, et al.
Ivermectin is a potent inhibitor of flavivirus
replication specifically targeting NS3 helicase
activity: new prospects for an old drug. J Anti-
microb Chemother 2012;67:1884-94.
Holcomb KM, Nguyen C, Foy BD, Ahn M,
Cramer K, Lonstrup ET, et al. Effects of iver-
mectin treatment of backyard chickens on
mosquito dynamics and West Nile virus trans-
mission. PLoS Negl Trop Dis 2022;16:
€0010260.

Mathiot CC, Grimaud G, Garry P, Bouquety
JC, Mada A, Daguisy AM, et al. An outbreak
of human Semliki Forest virus infections in
Central African Republic. Am J Trop Med
Hyg 1990;42:386-93.

Perdnen J, Rikkonen M, Liljestrom P,
Kaédridinen L. Nuclear localization of Semliki
Forest virus-specific nonstructural protein
nsP2. J Virol 1990;64:1888-96.

Bronzoni RVM, Madrid MCFS, Duarte DVB,
Pellegrini VOA, Pacca CC, Carmo ACV, et al.
The small nuclear ribonucleoprotein U1A in-
teracts with NS5 from yellow fever virus. Arch
Virol 2011;156:931-8.

Adouchief S, Smura T, Sane J, Vapalahti O,
Kurkela S. Sindbis virus as a human patho-
gen—epidemiology, clinical picture and path-
ogenesis. Rev Med Virol 2016;26:221-41.
Gray GC, McCarthy T, Lebeck MG, Schnurr
DP, Russell KL, Kajon AE, et al. Genotype
Prevalence and Risk Factors for Severe Clini-
cal Adenovirus Infection, United States 2004-
2006. Clin Infect Dis Off Publ Infect Dis Soc
Am 2007;45:1120-31.

Al-Wassiti HA, Thomas DR, Wagstaff KM,
Fabb SA, Jans DA, Johnston AP, et al. Adeno-
virus Terminal Protein Contains a Bipartite
Nuclear Localisation Signal Essential for Its

63



169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

64

Import into the Nucleus. Int J Mol Sci
2021;22:3310.

Greber UF, Suomalainen M. Adenovirus en-
try: Stability, uncoating, and nuclear import.
Mol Microbiol 2022;118:309-20.

Halma MTJ, Wever M, Abeln S, Roche D,
Wauite GJL. Therapeutic Potential of Com-
pounds Targeting SARS-CoV-2 Helicase.
Front Chem.

Azam F, Taban IM, Eid EEM, Igbal M, Alam
0O, Khan S, et al. An in-silico analysis of iver-
mectin interaction with potential SARS-CoV-
2 targets and host nuclear importin a. J Biomol
Struct Dyn:1-14.

Bello M. Elucidation of the inhibitory activity
of ivermectin with host nuclear importin o and
several SARS-CoV-2 targets. J Biomol Struct
Dyn 2022;40:8375-83.

Sen Gupta PS, Biswal S, Panda SK, Ray AK,
Rana MK. Binding mechanism and structural
insights into the identified protein target of
COVID-19 and importin-a with in-vitro effec-
tive drug ivermectin. J Biomol Struct Dyn
2022;40:2217-26.

Gonzalez-Paz L, Hurtado-Ledon ML, Lossada
C, Fernandez-Materan FV, Vera-Villalobos J,
Lorofio M, et al. Comparative study of the in-
teraction of ivermectin with proteins of interest
associated with SARS-CoV-2: A computa-
tional and biophysical approach. Biophys
Chem 2021;278:106677.

Francés-Monerris A, Garcia-Iriepa C, Iriepa I,
Hognon C, Miclot T, Barone G, et al. Micro-
scopic interactions between ivermectin and
key human and viral proteins involved in
SARS-CoV-2 infection. Phys Chem Chem
Phys 2021;23:22957-71.

Farasat A, Hooshmand A, Zolghadr L, Gheibi
N. In Silico Analysis of Ivermectin Interaction
with NF-xB, MAPK 10, and MAPK 14 Inflam-
matory Agents as a Candidate for Treatment of
COVID-19 Disease. J Inflamm Dis [Internet].
2023 [cited 2024 Sep 28];27(2). Available
from: https://brieflands.com/articles/jid-
150908#abstract

Weaver SC, Ferro C, Barrera R, Boshell J, Na-
varro JC. VENEZUELAN EQUINE EN-
CEPHALITIS*. Annu Rev  Entomol
2004;49:141-74.

Weaver SC, Salas R, Rico-Hesse R, Ludwig
GV, Oberste MS, Boshell J, et al. Re-emer-
gence of epidemic Venezuelan equine enceph-
alomyelitis in South America. VEE Study
Group. Lancet Lond Engl 1996;348:436-40.
Bhuvanakantham R, Cheong YK, Ng ML.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

West Nile virus capsid protein interaction with
importin and HDM2 protein is regulated by
protein kinase C-mediated phosphorylation.
Microbes Infect 2010;12:615-25.
Lopez-Denman AJ, Russo A, Wagstaff KM,
White PA, Jans DA, Mackenzie JM. Nucleo-
cytoplasmic shuttling of the West Nile virus
RNA-dependent RNA polymerase NS5 is crit-
ical to infection. Cell Microbiol 2018;20:
e12848.

Zemkova H, Tvrdonova V, Bhattacharya A,
Jindrichova M. Allosteric modulation of lig-
and gated ion channels by ivermectin. Physiol
Res 2014;63:S215-24.

Marik PE. Cancer Care: The Role of Repur-
posed Drugs and Metabolic Interventions in
Treating Cancer. Front Line Covid-19 Critical
Care Alliance;2023.

Markowska A, Kaysiewicz J, Markowska J,
Huczynski A. Doxycycline, salinomycin,
monensin and ivermectin repositioned as can-
cer drugs. Bioorg Med Chem Lett 2019;29:
1549-54.

Juarez M, Schcolnik-Cabrera A, Duenas-Gon-
zalez A. The multitargeted drug ivermectin:
from an antiparasitic agent to a repositioned
cancer drug. Am J Cancer Res 2018;8:317-31.
Didier A, Loor F. The abamectin derivative
ivermectin is a potent P-glycoprotein inhibitor.
Anticancer Drugs 1996;7:745-51.

Sharmeen S, Skrtic M, Sukhai MA, Hurren R,
Gronda M, Wang X, et al. The antiparasitic
agent ivermectin induces chloride-dependent
membrane hyperpolarization and cell death in
leukemia cells. Blood 2010;116:3593-603.
Liu Y, Fang S, Sun Q, Liu B. Anthelmintic
drug ivermectin inhibits angiogenesis, growth
and survival of glioblastoma through inducing
mitochondrial dysfunction and oxidative
stress. Biochem Biophys Res Commun
2016;480:415-21.

Draganov D, Gopalakrishna-Pillai S, Chen
YR, Zuckerman N, Moeller S, Wang C, et al.
Modulation of P2X4/P2X7/Pannexin-1 sensi-
tivity to extracellular ATP via Ivermectin in-
duces a non-apoptotic and inflammatory form
of cancer cell death. Sci Rep 2015;5:16222,
Norenberg W, Sobottka H, Hempel C, Plotz T,
Fischer W, Schmalzing G, et al. Positive allo-
steric modulation by ivermectin of human but
not murine P2X7 receptors. Br J Pharmacol
2012;167:48-66.

Dou Q, Chen HN, Wang K, Yuan K, Lei Y, Li
K, et al. Ivermectin Induces Cytostatic Au-
tophagy by Blocking the PAK1/Akt Axis in

J Indep Med 2025 Vol. 1 No. 1



191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

Breast Cancer. Cancer Res 2016;76:4457-69.
Hashimoto H, Messerli SM, Sudo T, Maruta
H. Ivermectin inactivates the kinase PAK1 and
blocks the PAK1-dependent growth of human
ovarian cancer and NF2 tumor cell lines. Drug
Discov Ther 2009;3:243-6.

Melotti A, Mas C, Kuciak M, Lorente-Trigos
A, Borges I, Ruiz i Altaba A. The river blind-
ness drug Ivermectin and related macrocyclic
lactones inhibit WNT-TCF pathway responses
in human cancer. EMBO Mol Med 2014;6:
1263-78.

Seth C, Mas C, Conod A, Mueller J, Siems K,
Kuciak M, et al. Long-Lasting WNT-TCF Re-
sponse Blocking and Epigenetic Modifying
Activities of Withanolide F in Human Cancer
Cells. PLoS ONE 2016;11:e0168170.

Kwon Y], Petrie K, Leibovitch BA, Zeng L,
Mezei M, Howell L, et al. Selective Inhibition
of SIN3 Corepressor with Avermectins as a
Novel Therapeutic Strategy in Triple-Negative
Breast Cancer. Mol Cancer Ther 2015;14:
1824-36.

Yin J, Park G, Lee JE, Choi EY, Park JY, Kim
TH, et al. DEAD-box RNA helicase DDX23
modulates glioma malignancy via elevating
miR-21 biogenesis. Brain J Neurol 2015;138:
2553-70.

Dominguez-Gomez G, Chavez-Blanco A, Me-
dina-Franco JL, Saldivar-Gonzalez F, Flo-
res-Torrontegui Y, Juarez M, et al. Ivermectin
as an inhibitor of cancer stem-like cells. Mol
Med Rep 2018;17:3397-403.

Nambara S, Masuda T, Nishio M, Kuramitsu
S, Tobo T, Ogawa Y, et al. Antitumor effects
of the antiparasitic agent ivermectin via inhibi-
tion of Yes-associated protein 1 expression in
gastric cancer. Oncotarget 2017;8:107666-77.
Deng F, Xu Q, Long J, Xie H. Suppressing
ROS-TFE3-dependent autophagy enhances
ivermectin-induced apoptosis in human mela-
noma cells. J Cell Biochem 2019;120:1702-
15.

Ashraf S, Prichard R. Ivermectin exhibits po-
tent anti-mitotic activity. Vet Parasitol 2016;
226:1-4.

Siddiqui AJ, Khan MF, Hamadou WS, Goyal
M, Jahan S, Jamal A, et al. Molecular Docking
and Dynamics Simulation Revealed Ivermec-
tin as Potential Drug against Schistosoma-As-
sociated Bladder Cancer Targeting Protein
Signaling: Computational Drug Repositioning
Approach. Medicina (Mex) 2021;57:1058.
Study Details | Ivermectin and Balstilimab for
the Treatment of Metastatic Triple Negative

J Indep Med 2025 Vol. 1 No. 1

202.

203.

204.

205.

206.

207.

208.

2009.

Breast Cancer | ClinicalTrials.gov [Internet].
[cited 2024 Oct 4]. Available from:
https://clinicaltri-
als.gov/study/NCT05318469?cond=can-
cer&intr=ivermectin&rank=1#more-infor-
mation

Study Details | Clinical Evaluation of a New
Form of Cancer Therapy (Atavistic Chemo-
therapy) Based on the Principles of Atavistic
Metamorphosis (2011) | ClinicalTrials.gov
[Internet]. [cited 2024 Oct 4]. Available from:
https://clinicaltri-
als.gov/study/NCT02366884?cond=can-
cer&intr=ivermectin&rank=3

Grant BF, Chou SP, Saha TD, Pickering RP,
Kerridge BT, Ruan WJ, et al. Prevalence of 12-
Month Alcohol Use, High-Risk Drinking, and
DSM-IV Alcohol Use Disorder in the United
States, 2001-2002 to 2012-2013: Results From
the National Epidemiologic Survey on Alcohol
and Related Conditions. JAMA Psychiatry
2017;74:911-23.

Rehm J, Shield KD. Global Burden of Alcohol
Use Disorders and Alcohol Liver Disease. Bi-
omedicines 2019;7:99.

Yardley MM, Neely M, Huynh N, Asatryan L,
Louie SG, Alkana RL, et al. Multiday admin-
istration of ivermectin is effective in reducing
alcohol intake in mice at doses shown to be
safe in humans. NeuroReport 2014;25:1018.
Toulmé E, Soto F, Garret M, Boué-Grabot E.
Functional Properties of Internalization-Defi-
cient P2X4 Receptors Reveal a Novel Mecha-
nism of Ligand-Gated Channel Facilitation by
Ivermectin. Mol Pharmacol 2006;69:576-87.
Huynh N, Khoja S, Asatryan L, Jakowec MW,
Davies DL. The Avermectin Family as Poten-
tial Therapeutic Compounds for Alcohol Use
Disorder: Implications for Using P2X4 Recep-
tor as a Drug-Screening Platform™*. In: Preedy
VR, editor. Neuroscience of Alcohol [Inter-
net]. Academic Press; 2019 [cited 2024 Sep 7].
p- 661-70. Available from: https://www.sci-
encedirect.com/science/arti-
cle/pii/B9780128131251000684

Schneider M, Prudic K, Pippel A, Klapper-
stiick M, Braam U, Miiller CE, et al. Interac-
tion of Purinergic P2X4 and P2X7 Receptor
Subunits. Front Pharmacol [Internet]. 2017
Nov 22 [cited 2024 Sep 28];8. Available from:
https://www.frontiersin.org/journals/pharma-
cology/articles/10.3389/fphar.2017.00860/full
Asatryan L, Popova M, Perkins D, Trudell JR,
Alkana RL, Davies DL. Ivermectin Antago-
nizes Ethanol Inhibition in Purinergic P2X4

65



210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

66

Receptors. J Pharmacol Exp Ther 2010;334:
720-8.

Bortolato M, Yardley MM, Khoja S, Godar
SC, Asatryan L, Finn DA, et al. Pharmacolog-
ical insights into the role of P2X4 receptors in
behavioural regulation: lessons from ivermec-
tin. Int J Neuropsychopharmacol 2013;16:
1059-70.

Latapiat V, Rodriguez FE, Godoy F, Montene-
gro FA, Barrera NP, Huidobro-Toro JP. P2X4
Receptor in Silico and Electrophysiological
Approaches Reveal Insights of Ivermectin and
Zinc Allosteric Modulation. Front Pharmacol
[Internet]. 2017 Dec 15 [cited 2024 Sep 28];8.
Available from: https://www.fron-
tiersin.org/journals/pharmacology/arti-
cles/10.3389/fphar.2017.00918/full
XuL,LiuT, Liu L, Yao X, Chen L, Fan D, et
al. Global variation in prevalence and inci-
dence of amyotrophic lateral sclerosis: a sys-
tematic review and meta-analysis. J Neurol
2020;267:944-53.

Andries M, Van Damme P, Robberecht W,
Van Den Bosch L. Ivermectin inhibits AMPA
receptor-mediated excitotoxicity in cultured
motor neurons and extends the life span of a
transgenic mouse model of amyotrophic lateral
sclerosis. Neurobiol Dis 2007;25:8-16.

To T, Stanojevic S, Moores G, Gershon AS,
Bateman ED, Cruz AA, et al. Global asthma
prevalence in adults: findings from the cross-
sectional world health survey. BMC Public
Health 2012;12:204.

Mittal N, Mittal R. Inhaled route and anti-in-
flammatory action of ivermectin: Do they hold
promise in fighting against COVID-19? Med
Hypotheses 2021;146:110364.

Alsharif A, Sodhi A, Murillo LC, Headley AS,
Kadaria D. Wait!!! No Steroids for this
Asthma.... Am J Case Rep 2015;16:398-400.
Mittal N, Mittal R. Inhaled route and anti-in-
flammatory action of ivermectin: Do they hold
promise in fighting against COVID-19? Med
Hypotheses 2021;146:110364.

Peerzada MN, Verma S. Ivermectin as an Anti-
Inflammatory Agent. In: Chemistry and Bio-
logical Activities of Ivermectin [Internet].
John Wiley & Sons, Ltd; 2023 [cited 2024 Sep
7]. p- 141-61. Available from: https://onlineli-
brary.wiley.com/doi/abs/10.1002/9781394168
033.ch7

Gether L, Overgaard LK, Egeberg A, Thyssen
JP. Incidence and prevalence of rosacea: a sys-
tematic review and meta-analysis. Br J Derma-
tol 2018;179:282-9.

220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

230.

Ebbelaar CCF, Venema AW, Van Dijk MR.
Topical Ivermectin in the Treatment of Pap-
ulopustular Rosacea: A Systematic Review of
Evidence and Clinical Guideline Recommen-
dations. Dermatol Ther 2018;8:379-87.
Thibaut de Ménonville S, Rosignoli C, Soares
E, Roquet M, Bertino B, Chappuis JP, et al.
Topical Treatment of Rosacea with Ivermectin
Inhibits Gene Expression of Cathelicidin In-
nate Immune Mediators, LL-37 and KLKS5, in
Reconstructed and Ex Vivo Skin Models. Der-
matol Ther 2017;7:213-25.

Del Rosso JQ. Topical Ivermectin: Data Sup-
porting Dual Modes of Action in Rosacea. J
Clin Aesthetic Dermatol 2017;10:39-42.
Laughter MR, Maymone MBC, Mashayekhi
S, Arents BWM, Karimkhani C, Langan SM,
et al. The global burden of atopic dermatitis:
lessons from the Global Burden of Disease
Study 1990-2017*. Br J Dermatol 2021;184:
304-9.

EV, AR, VL, FA,PR,LL,etal Topical
ivermectin improves allergic skin inflamma-
tion. Allergy [Internet]. 2017 Aug [cited 2024
Sep 18];72(8). Available from: https://pub-
med.ncbi.nlm.nih.gov/28052336/

Frontera JA, Tamborska AA, Doheim MF,
Garcia-Azorin D, Gezegen H, Guekht A, et al.
Neurological Events Reported after COVID-
19 Vaccines: An Analysis of Vaccine Adverse
Event Reporting System. Ann Neurol
2022;91:756-71.

Rose J. Critical appraisal of VAERS pharma-
covigilance: is the US vaccine adverse events
reporting system (VAERS) a Functioning
pharmacovigilance system? Sci. Publ Health
Pol Law 2021;3:100-29.

Halma MT]J, Plothe C, Marik P, Lawrie TA.
Strategies for the Management of Spike Pro-
tein-Related  Pathology.  Microorganisms
2023;11:1308.

Krumholz HM, Wu Y, Sawano M, Shah R,
Zhou T, Arun AS, et al. Post-Vaccination Syn-
drome: A Descriptive Analysis of Reported
Symptoms and Patient Experiences After
Covid-19 Immunization. medRxiv 2023;
2023.11.09.23298266.

Lehrer S, Rheinstein PH. Ivermectin Docks to
the SARS-CoV-2 Spike Receptor-binding Do-
main Attached to ACE2. In Vivo 2020;34:
3023-6.

Al-kuraishy HM, Al-Gareeb Al, Alexiou A,
Batiha GES. Central Effects of Ivermectin in
Alleviation of Covid-19-induced Dysautono-
mia. Curr Drug Targets 2022;23:1277-87.

J Indep Med 2025 Vol. 1 No. 1



231.

232.

233.

234.

235.

236.

237.

238.

239.

240.

241.

Halma M. Towards robust pharmacovigilance
surveillance systems. Open Health [Internet].
2024 Jan 1 [cited 2024 Jun 11];5(1). Available
from: https://www.degruyter.com/docu-
ment/doi/10.1515/0he-2023-0033/html
Ivermectin - Drug Usage Statistics, ClinCalc
DrugStats Database [Internet]. [cited 2024 Sep
28]. Available from: https://clin-
calc.com/DrugStats/Drugs/Ivermectin
CRUMP A, OMURA S. Ivermectin, ‘Wonder
drug’ from Japan: the human use perspective.
Proc Jpn Acad Ser B Phys Biol Sci
2011;87:13-28.

Campillo JT, Boussinesq M, Bertout S, Faillie
JL, Chesnais CB. Serious adverse reactions as-
sociated with ivermectin: A systematic phar-
macovigilance study in sub-Saharan Africa
and in the rest of the World. PLoS Negl Trop
Dis 2021;15:e0009354.

Johnson-Arbor K. Ivermectin: a mini-review.
Clin Toxicol 2022;60:571-5.

Cruel T, Arborio M, Schill H, Neveux Y,
Nedelec G, Chevalier B, et al. [Nephropathy
and filariasis from Loa loa. Apropos of 1 case
of adverse reaction to a dose of ivermectin].
Bull Soc Pathol Exot 1990 1997;90:179-81.
Fujimoto K, Kawasaki Y, Morimoto K, Kiku-
chi I, Kawana S. Treatment for Crusted Sca-
bies: Limitations and Side Effects of Treat-
ment with Ivermectin. J Nippon Med Sch
2014;81:157-63.

Kaur U, Chakrabarti SS, Gambhir IS. Delirium
induced by albendazole-ivermectin combina-
tion: Report of the first case in an older patient.
| Geriatrics & Gerontology International | EB-
SCOhost [Internet]. Vol. 17. 2017 [cited 2024
Sep 14]. p. 2618. Available from:
https://openurl.ebsco.com/con-
tentitem/doi:10.1111%2Fggi.131587sid=eb-
sco:plink:crawler&id=eb-
sco:doi:10.1111%2Fggi.13158

Sparsa A, Bonnetblanc JM, Peyrot I,
Loustaud-Ratti V, Vidal E, Bédane C. Effets
secondaires de I’ivermectine utilisée dans le
traitement de la gale. Ann Dermatol
Vénéréologie 2006;133:784-7.

Choksi TT, Madison G, Dar T, Asif M, Flem-
ing K, Clarke L, et al. Multiorgan Dysfunction
Syndrome from Strongyloides stercoralis Hy-
perinfection in a Patient with Human T-Cell
Lymphotropic Virus-1 Coinfection after Initi-
ation of Ivermectin Treatment. Am J Trop Med
Hyg 2016;95:864-7.

Adenusi AA, Oke AO, Adenusi AO. Compar-
ison of ivermectin and thiabendazole in the

J Indep Med 2025 Vol. 1 No. 1

242.

243.

244.

245.

246.

247.

248.

249.

250.

251.

treatment of uncomplicated human Strongyloi-
des stercoralis infection. Afr J Biotechnol
2003;2:465-9.

Shirazi FM, Mirzaei R, Nakhaee S, Nejatian A,
Ghafari S, Mehrpour O. Repurposing the drug,
ivermectin, in COVID-19: toxicological points
of view. Eur ] Med Res 2022;27:21.

Muiioz J, Ballester MR, Antonijoan RM, Gich
I, Rodriguez M, Colli E, et al. Safety and phar-
macokinetic profile of fixed-dose ivermectin
with an innovative 18mg tablet in healthy adult
volunteers. PLoS Negl Trop Dis 2018;12:
€0006020.

Jones TK, Chu L, Mrozik H, Slayton L, Ra-
falko B, Goldmann ML, et al. Synthesis and
Biological Activity of 4a,4"-Disubstituted
Avermectins. J Agric Food Chem 1994;42:
1786-90.

Crump A, Omura S. Ivermectin, “wonder
drug” from Japan: the human use perspective.
Proc Jpn Acad Ser B Phys Biol Sci
2011;87:13-28.

EL-Maddawy ZK, Abd El Naby WSH. Effects
of ivermectin and its combination with alpha
lipoic acid on expression of IGFBP-3 and
HSPAT1 genes and male rat fertility. Androlo-
gia 2018;50:e12891.

EI Sheikh S, Abd El-Motal S, Abd-El Alim
AEA, Afifi N, Ahmed G. EFFECT OF IVER-
MECTIN ON FEMALE FERTILITY AND
TERATOGENICITY IN RATS. Zagazig J
Pharm Sci 1996;5:113-24.

Ahmed AE, Alshehri A, Al-Kahtani MA,
Elbehairi SEI, Alshehri MA, Shati AA, et al.
Vitamin E and selenium administration syner-
gistically mitigates ivermectin and dora-
mectin-induced testicular dysfunction in male
Wistar albino rats. Biomed Pharmacother
2020;124:109841.

Cordeiro F, Ceglio FL, Galvio NA, Bonamin
LV, Bondan EF, Kirsten TB, et al. Does a ther-
apeutical dose of ivermectin impairs testicular
homeostasis of rats via excessive apoptosis?
Vet Ital [Internet]. 2024 Feb 20 [cited 2024
Sep 281;59(2). Available from:
https://www.veterinariaitaliana.izs.it/in-
dex.php/Vetlt/article/view/2692

El-Nahas AF, El-Ashmawy IM. Effect of iver-
mectin on male fertility and its interaction with
P-glycoprotein inhibitor (verapamil) in rats.
Environ Toxicol Pharmacol 2008;26:206-11.
El-Sawy AESF, Seed ZKEM and SA. Adverse
Effects of Ivermectin in comparison with Ra-
foxanide on Male Rats. Alex J Vet Sci
2015;47:119.

67



252.

253.

254.

255.

256.

257.

258.

259.

260.

261.

68

Terneux EWA, Pontes DA, Fernandez CDB,
Arena AC, Porto EM, De Grava Kempinas W.
Perinatal exposure to parasiticide ivermectin:
long-term effects on reproductive parameters
of adult male rats. Toxicol Environ Chem
2011;93:345-51.

El-Shobokshy SA, Abo-Samaha MI, El-
Rheem SMA, Sahwan FM, Wirtu G, Soltan
MAK, et al. Dietary supplementation of nano-
selenium eliminates the negative effects of
long-term ivermectin injection on growth and
reproductive performance of female rabbits. J
Adv Vet Anim Res 2022;9:128-37.

M IM, Lumaret JP, Zayas RO, Kadiri N. The
effects of sublethal and lethal doses of iver-
mectin on the reproductive physiology and lar-
val development of the dung beetle Euoniticel-
lus intermedius (Coleoptera: Scarabaeidae).
Can Entomol 2017;149:461-72.

Baena-Diaz F, Martinez-M 1, Gil-Pérez Y,
Gonzélez-Tokman D. Trans-generational ef-
fects of ivermectin exposure in dung beetles.
Chemosphere 2018;202:637-43.

Mercier P, Alves-Branco F, Sapper M de F,
White CR. Evaluation of the safety of ivermec-
tin-praziquantel administered orally to preg-
nant mares. 2003 Oct 1 [cited 2024 Sep 28];
Available from: https://avmajour-
nals.avma.org/view/jour-
nals/ajvr/64/10/ajvr.64.10.1221.xml

G. Abd El-Malak M, Hasaan HM, A. El-Shel-
tawi M, Abd El-Malak G. EFFECT OF IVER-
MECTIN ON THE REPRODUCTIVE PER-
FORMANCE IN RAMS. Assiut Vet Med J
[Internet]. 1999 Jul 1 [cited 2024 Sep 28];
Available from: https://journals.ekb.eg/arti-
cle 182690.html

Abdel-Rahman GH, H. Ali A. Clinicopatho-
logical and Reproductive Studies on The Use
of Ivermectin in Ewes. J Appl Vet Sci 2021;6:
59-66.

Merck Sharp & Dohme Corp. Product mono-
graph (Ivermectin) [Internet]. Available from:
https://www.merck.com/product/usa/pi_circu-
lars/s/stromectol/stromectol pi.pdf

Wayback Machine [Internet]. 2021 [cited 2024
Sep 28]. Available from: https://web.ar-
chive.org/web/20210706215903/https://www.
who.int/apoc/publications/cdti_practi-

cal guide for trainers of cdds.pdf

Nicolas P, Maia MF, Bassat Q, Kobylinski
KC, Monteiro W, Rabinovich NR, et al. Safety
of oral ivermectin during pregnancy: a system-
atic review and meta-analysis. Lancet Glob
Health 2020;8:€92-100.

262.

263.

264.

265.

266.

267.

268.

2609.

270.

271.

272.

Westlake CS, Aronoff DM. Evaluating the
Risks of Systemic Maternal Ivermectin Expo-
sure During Pregnancy in Human and Verte-
brate Animals: A Scoping Review. Curr Drug
Saf'2021;16:299-308.

Cavalcante MB, Cavalcante CT de MB, Braga
ACS, Andrade DA, Montenegro MA, Santos
PAN, et al. COVID-19 Treatment: Drug
Safety Prior to Conception and During Preg-
nancy and Breastfeeding. Geburtshilfe Frauen-
heilkd 2021;81:46-60.

Campillo JT, Boussinesq M, Bertout S, Faillie
JL, Chesnais CB. Serious adverse reactions as-
sociated with ivermectin: A systematic phar-
macovigilance study in sub-Saharan Africa
and in the rest of the World. PLoS Negl Trop
Dis 2021;15:e0009354.

Chandler RE. Serious Neurological Adverse
Events after Ivermectin-Do They Occur be-
yond the Indication of Onchocerciasis? Am J
Trop Med Hyg 2018;98:382-8.

Baudou E, Lespine A, Durrieu G, André F,
Gandia P, Durand C, et al. Serious Ivermectin
Toxicity and Human ABCB1 Nonsense Muta-
tions. N Engl J Med 2020;383:787-9.
Macdonald N, Gledhill A. Potential impact of
ABCBI1 (p-glycoprotein) polymorphisms on
avermectin toxicity in humans. Arch Toxicol
2007;81:553-63.

Merck Sharp & Dohme B.V. Tablets Stromec-
tol®(Ivermectin). [Internet]. 2018 [cited 2024
Aug 23]. Available from:
https://www.merck.com/product/usa/pi_circu-
lars/s/stromectol/stromectol pi.pdf

Chandler RE. Serious neurological adverse
events after ivermectin—do they occur beyond
the indication of onchocerciasis? Am J Trop
Med Hyg 2018;98:382.

Innocent T, Daniel M, Innocent T, Daniel M.
Encephalopathy Related to Ivermectin Treat-
ment of Onchocerciasis in Loa loa Endemic
Areas: Operational Considerations. In: Miscel-
lanea on  Encephalopathies  [Internet].
IntechOpen; 2012 [cited 2024 Sep 14]. Avail-
able from: https://www.intechopen.com/chap-
ters/36015

Nzolo D, Anto F, Hailemariam S, Bakajika D,
Muteba D, Makenga JC, et al. Central and Pe-
ripheral Nervous System Disorders Following
Ivermectin Mass Administration: A Descrip-
tive Study Based on the Democratic Republic
of Congo Pharmacovigilance System. Drugs -
Real World Outcomes 2017;4:151-8.
Boussinesq M, Gardon J, Gardon-Wendel N,
Chippaux JP. Clinical picture, epidemiology

J Indep Med 2025 Vol. 1 No. 1



273.

274.

and outcome of Loa-associated serious adverse
events related to mass ivermectin treatment of
onchocerciasis in Cameroon. Filaria J 2003;
2(Suppl 1):54.

Campbell WC. Ivermectin: an update. Parasi-
tol Today Pers Ed 1985;1:10-6.

Mancini L, Lacchetti I, Chiudioni F, Cristiano
W, Di Domenico K, Marcheggiani S, et al.
Need for a sustainable use of medicinal prod-

J Indep Med 2025 Vol. 1 No. 1

275.

276.

ucts: environmental impacts of ivermectin.
Ann Ist Super Sanita 2020;56:492-6.

Shoop WL. Ivermectin resistance. Parasitol
Today 1993;9:154-9.

Xu M, Molento M, Blackhall W, Ribeiro P,
Beech R, Prichard R. Ivermectin resistance in
nematodes may be caused by alteration of P-
glycoprotein homolog. Mol Biochem Parasitol
1998;91:327-35.

69



70

This page is intentionally left blank

Journal

of INDEPENDENT MEDICINE *

Free from
conflicts of interest.

Support aur work

J Indep Med 2025 Vol. 1 No. 1



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

