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Ilvermectin Fact Sheet

Executive Summary:

Ivermectin belongs to the avermectin class of antiparasitic drugs. Ilvermectin is
frequently used in animal research facilities to treat pinworm and fur mite
infestations. Ivermectin has a wide margin of safety in most mammalian species.
However, toxicity can appear in animals with an absent or functional deficiency of
P-glycoprotein in the endothelium of the central nervous system. Clinical signs
that can present mainly affect the central nervous system and include whole
body tremors, ataxia, lethargy, depression, coma, and death.

o Specific rodent strains demonstrate varying sensitivities to ivermectin, based
on the functionality of P-glycoprotein. Examples of common strains with this
sensitivity include CF-1 mice and Mdrla KO rats. Gene synonyms for these
knockouts include Mdrla, Mdr3, Pgp, Pgy3, and Abcbla.

o Ivermectin did not alter seizure responses in either seizure-prone or
seizure- resistant mice in one report.?

Aside from toxicity, treatment with ivermectin has been reported to cause
subtle and short-term effects on performance on sensitive behavioral tests and
antibody production in mice.>* However, parasite infestation itself significantly
affects immune function and inflammation in mice.**2

There are two reports that suggest treatment with ivermectin may yield

the unintended effect of altering transgene activity in mice.*> 4

About Ilvermectin
Ivermectin was the first of the avermectins to be used in the field of veterinary medicine and
has been widely used as an endectocide in a variety of species, including humans, for 30
years.'> 1 As an anthelmintic in the macrocylic lactone class, ivermectin is an agonist for the
inhibitory glutamate-gated chloride and gamma-aminobutyric (GABA) channels of the
muscle and nerve cells of parasites.'® lvermectin offers flexibility with agent administration,
as it can be administered orally, topically, or by injection.'” Ivermectin’s usefulness as an
anthelminthic results from differences in the distribution of GABA receptors between
mammals and arthropods or nematodes; GABA receptors in mammals are mostly in the
central nervous system (CNS) protected by the blood brain barrier, whereas in arthropods
and nematodes, they are found in the peripheral nervous system at the neuromuscular
junction. Stimulation of GABA receptors in endo- and ecto-parasites causes flaccid paralysis
and inhibits the ability of the parasite to feed.* 1°

Potential Adverse Effects of Ivermectin

Although ivermectin has a wide margin of safety in most mammalian species, some
animals have an increased sensitivity to the drug. Though rare, ivermectin toxicity can
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appear in the form of severe central nervous system side effects such as depression,
coma, and death.'®> Animals exhibiting these symptoms are believed to have an absent or
functional deficiency of P- glycoprotein in nervous system capillary endothelium.® P-
glycoprotein plays a role in the blood brain barrier, acting as an efflux pump to prevent the
entry of specific drugs into the nervous system.?° Ivermectin is highly lipophilic, and thus,
usually has very poor penetration of the blood brain barrier due to the action of the drug
efflux transporters. Deficiency or disruption of this gene leads to enhanced absorption and
exposure of the brain to several drugs, including ivermectin. Treatment has also been
reported to cause subtle effects on behavior and on immune function.?*

Mice with abnormal P-glycoprotein, and thus ivermectin sensitivity, include a subpopulation
of about 25% of CF-1 mice and other mice homozygous for disruption of the Abcbla
(previously known as mdrla) P-glycoprotein gene.'® 2122 These mice are phenotypically
normal but show enhanced central absorption of ivermectin, attributed to a deficiency in P-
glycoprotein rather than an alteration in drug metabolism.*® Ivermectin-sensitive CF-1 mice
and other P- glycoprotein-deficient mice present with the severe neurologic side effects of
coma and rapid death. In addition to side effects related to genotypes, reports have
described ivermectin toxicity in neonatal rodents, perhaps because P-glycoprotein expression
in brain capillary cells is incomplete until postnatal day 21.2% 24 Surprisingly, ivermectin did
not alter seizure responses in either seizure-prone or seizure-resistant mice.!

Aside from toxicity, treatment with ivermectin has been reported to cause subtle effects on
behavioral testing and immune function in mice. In one study, ivermectin- treated mice
were normal concerning their body weight, motor behaviors, and the performance of a
spatial memory task. However, ivermectin produced changes in other behaviors. Mice were
significantly more active in the open field exploration test during ivermectin treatment than
before treatment, had a greater acoustic startle amplitude than control mice, and had
variably lower pre-pulse inhibition, depending on mouse strain.3 These results demonstrate
the effect that ivermectin can have on behavioral responses to certain stimuli and not to
others, potentially stemming from a hyperreactivity to environmental stimuli in only some
circumstances. In terms of immune function, ivermectin was shown to have anti-
inflammatory properties, significantly diminishing the recruitment of immune cells and
cytokines in a mouse model of asthma.? Other studies have shown an immunomodulatory
effect on T-helper cells and T-cell related genetic deletion in transgenic mice administered
ivermectin.> 13 Similarly, a recent publication reports that the offspring of transgenic mice
exposed to ivermectin during pregnancy and nursing exhibit altered recombinase activity,
thus demonstrating that ivermectin may have unintended consequences on gene activation
studies in mice.*

Use of Ivermectin
Ivermectin-impregnated rodent chow has an advantage over other commonly utilized
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schemes for treating endo- and ectoparasites. Ivermectin provided in the diet of rodents
has demonstrated efficacy in eliminating external fur mites, as well as internal pinwormes.
Another scheme commonly utilized for targeting fur mites and pinworms requires a series
of topical applications of selamectin and provision of a fenbendazole-impregnated rodent
chow. Fenbendazole is a member of the benzimidazole class of antiparasitics. Generally, like
ivermectin, fenbendazole exhibits a wide margin of safety for many mammalian species.
However, some data suggests that fenbendazole is capable of inducing an effect on immune
function and behavior.?%?%30 A study describing the use of topical selamectin to target fur
mites showed a positive effect for 1-month duration, yet mite egg casings were detected at
time periods of 2- and 6-months post-treatment.?® A recent study demonstrated that
ivermectin was effective at eliminating mites in as little as 2 weeks of diet provision.
However, colony health surveillance methods may lag relative to this therapeutic effect, as
the study also demonstrated that PCR detection of fur mites was highly dependent upon the
presence of fur mite-associated particles (including defecate, chitin shells, egg casings, and
adult mites). Since sufficient biologic waste is required for reliable PCR screening, 4 weeks of
ivermectin dietary treatment is recommended. A four-week duration of ivermectin
treatment further allows for time to demonstrate action against all life stages of the fur
mites, which varies by species of fur mite and could be approximately 8 to 23 days.?’
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