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UR study aims to detect acute and subacute toxicity caused by ivermectin by using some

biochemical and immunological assays in mice. Non-lethal toxic doses of ivermectin

(30 and 60) mg/kg.B.Wt. caused a pronounced significant decrease in the concentration of

glutathione (GSH) in the brain and liver of mice after 1 and 7 days of treatment as a result of

oxidative stress caused by poisoning with this drug, it’s also caused a significant increase in the

malondialdehyde (MDA) concentration in the brain and liver of mice compared to the control

group.

The results of our experiments did not show apparent effects in the immune response of

mice to poisoning with non-lethal toxic doses of ivermectin, as its development was very

simple in the concentrations of some cytokines as the concentration of interleukin-6 (IL-6)

& tumer necrosis alpha (TNF-a) in the blood plasma of mice after 1 and 7 days of treatment.

Mice poisoned with ivermectin at doses (75 and 100) mg /kg B. wt. after oral dosing showed

a significant decrease in acetylcholinesterase (AchE) activity with inhibition rates of up to (25

and 33 %) in the blood plasma of mice and (75 and 68%) in the brain respectively, high

percentages indicated a significant inhibition of enzyme activity compared to the control group

after 4 and 24 hr of treatment.

Inspite of the clinical saftey of ivermectin, our results showed that the drug produces toxic

biochemical effects at a level of oxidative stress , cholinesterase activity not reported before.
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Introduction

Ivermectin is a semi-synthetic derivative of the
family of macrocyclic lactones, and its broad
spectrum anti-parasitic effect against various
nematodes and ectoparasites [1]. Products of
the actinomycete Streptomyces avermitilis,
administered orally, topically, or by injection, have
been used for the treatment of mites and nematodes
[2,3.,4], and are used as an antinematodes such as
intestinal and lungworms [5,6].

Ivermectin was increase the potential of the
inhibitory neurotransmitter gamma-aminobutyric
acid (GABA) which leads to paralysis of the

parasite, In vertebrate muscle and nerve cells of
the microflora [7], it binds selectively and with
high affinity to glutamate-gated chloride ion
channels, acting as an agonist of the GABA and
disrupting GABA-mediated CNS neuro synaptic
transmission [8,9].

High doses of ivermectin or mutation in
p-glycoprotein may allow ivermectin to pass
through the blood-brain barrier (BBB) to
cause neurotoxicity in animals manifested as
incoordination, mydriasis, emesis, diarrhea,
salivation, depression, ataxia, tremors, coma and
death [10,11,12]. Ivermectin induced adverse
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reactions have high lighted its oxidative nature
that increasing toxic oxygen intermediates ,then it
induced biochemical changes in the host animals
as GSH and MDA concentration in rats blood
plasma [13],or in carp fish tissues [ 14].

When reactive oxygen species (ROS) are
produced more quickly than they can be removed
by antioxidant systems, oxidative stress is created,
which damages biological macromolecules and
disturbs normal physiology and metabolism
[15]. Organisms engage several antioxidant
mechanisms as well as antioxidant defense
systems necessary to diminish the antioxidant
activity of ROS in order to prevent or minimize
ROS formation from oxidative metabolism
[16], Numerous studies have demonstrated that
numerous xenobiotics, including insecticides, can
cause neurotoxicity in many animals, including
rats and mice, due to oxidative stress [17].

Ivermectin inhibit production of inflammatory
cytokines in mice [1,18]. Cytokines Interleukin 6
(IL-6) and tumor necrosis factor alpha(TNF-a)
are small proteins [19,20], produced by almost
every cell to regulate and influence the immune
response, however, recent research indicates
that the simultaneous release of pro-and anti-
inflammatory cytokines is mandatory in any
immune response [21,22].

The AchE is present in the body of mammals
and birds in the blood, muscles, as well as
nervous tissues such as the autonomic and CNS.
AchE was responsible for the decomposition
of acetylcholine (Ach) into choline and acetic
acid [23]. Measuring the AchE activity is very
important in detecting cases of poisoning with
organophosphates,  pyrethroids, and other
pharmacological preparations in mammals
and birds [24]. Ivermectin is a very safe drug,
however, there are many studies on its toxic
effects in different types of animals due to misuse,
high doses, accidental administration, or due to
allergy to the drug [25].

Due to the widespread use of ivermectin
for being a safe drug, our study shed light on
the detection of some acute and sub-acute toxic
effects on some biochemical parameters in mice.

Material and Methods

Ethics

The use of experimental animals and the trials
were approved according to the ethical code
number UM. VET. 2022.041.from the Scientific
Council of the Department of Physiology,
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Biochemistry, and Pharmacology at the College
of Veterinary Medicine, University of Mosul,
Iraq. The study is part of Master’s thesis.

Animals

Fourty-five white Swiss-origin mice (male
and female), 2-3 months, its body weights
between 22-36 g, were raised in the animal house
of the College of Veterinary Medicine at the
University of Mosul. and we provided standard
conditions as a light cycle (10 hr /light and 14 hr/
dark), the temperature was 22 + 2°C. The mice
were distributed to special cages made of plastic
designed for breeding mice and were provided
with sufficient water and animal feed available
throughout the day, and we prepared the feed from
the local markets of Mosul.

Preparation of drugs

Ivermectin ( Pioneer Company, Sulaymaniyah,
Iraq) was dissolved in 10 ml of propylene glycol
(99%)(Sigma chemicals, USA [26] for oral dosing
by a gavage needl, volume of administration 10
ml/kg B.Wt., they given in different doses to
evaluate the acute and sub-acute toxic effects of
the drug.The doses were chosen according to a
pilot study in mice in which ivermectin did not
produce over toxicity.

Blood samples collection

After dosing the mice and at the end of the
observation period, they were anesthetized the
mice with ether by inhalation, and blood was
collected from the venous plexus of the eye by
using the capillary tubes [27], it was collected
in sterile tubes containing heparin( B/Braun
Melsungen AG Germany) diluted in a ratio (1: 10)
with normal saline, then separate the plasma by
using a centrifuge at a speed of 3000 cycles/ min
for 15 min, and the plasma was kept in the freezer
at - 20 ° C until measurements were made on it.

Extraction and preservation of the brain and liver
After collecting the blood, we sacrificed
the mice and extracted the brain and liver there
preserving them in aluminum foil and freezing
at a temperature of - 20° C until they were
homogenized to make their measurements.

The process of homogenization

Both brain and liver were homogenized by
using a homogenizer (OMNI BEAD RUPTOR ,
24 USA), at a speed of 400 cycles / 10 sec, then
the samples were transferred to a centrifuge to
obtain the leachate, which was separated and kept
in freezing at a degree of -20 ° C until it was used
for measurements of each organ.
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Experimental design
Effects of non-lethal doses of ivermectin on GSH
and MDA in the brain and liver and on IL-6 and
TNF-a in the blood plasma of mice after 1 and 7
days

Thirty mice (male and female), divided into 3
groups, the mice were treated for 1 and 7 days
(the mice were given 3 treatments during 7 days)
as follows:
1% group: (control group): mice were dosed with
propylene glycol 10 ml /kg of B. wt., orally.
2" group: The mice were dosed with ivermectin
at a dose of 30 mg/kg of B. wt., orally.
34 group: The mice were dosed with ivermectin
at a dose of 60 mg/ B. wt., orally.

After 1 and 7 days of treatment. Brain and liver
glutathione (GSH) and malondialdehyde (MDA)
concentrations were measured by the methods of
some researchers[28,29], After 1 and 7 days of
treatment, blood plasma was collected to measure
the (IL-6) and (TNF-a) concentrations by using
kits (Sunlong Biotech Co., Ltd) measured by the
ELISA technique.

Acute toxic effects of ivermectin on AchE activity
in blood plasma and brain of mice after 4 and 24
hr.

Fifteen mice (male and female), randomly
divided into 3 groups as follows;
1 group: (control group) mice were dosed with
propylene glycol 10 ml/kg of B. wt. orally.
2" group: mice were given ivermectin at a dose
of 75 mg/kg of B. wt. orally.
37 group: mice were given ivermectin at a dose
of 100 mg/kg of B. wt. orally.

After 4 and 24 hr of treatment blood was
collected from the mice were killed, and the
brains were extracted and frozen at 20- °C until
they measured the activity of the AchE by an
electrometric method [30], for the determination
of brain and blood plasma cholinesterase activity
within 4 and 24 hr.

Electrometric technique was used to assess
the ChE activity in the plasma and brain
samples[31,32]. 0.2 milliliters of plasma or
whole brain homogenate, 3 milliliters of pH 8.1
buffer, and 3 milliliters of distilled water made
up the reaction mixture in a beaker. A pH meter
(HANNA, Romania) was used to determine the
combination’s initial pH (pH1). After that, 0.10
mL of the substrate, 99% acetylcholine iodide
(Avouchem, UK), was added to the mixture,
which was then incubated at 37°C for 30 min. The

pH of the reaction mixture (pH2) was measured
at the end of the incubation period. The enzyme
activity was calculated as follows:

ChE activity (ApH/30 min.) = (pH1 — pH2) - A
pH of blank

The blank was without the plasma or brain
homogenate sample, The unit of ChE activity was
expressed as ApH/30 min.

The % of ChE inhibition was calculated as
follows: % ChE inhibition=[ChE activity (without
ivermectin)-ChE activity (with ivermectin)/ ChE
activity (without ivermectin)] X 100.

Statistical analysis

We statistically analyzed the results of our
study based on the version 20 SPSS program by
analyzing the data using the Two-way analysis of
variance test and then we subjected these results
to the least significant difference test (LSD) the
significant difference in all our tests was at the
probability level (p< 0.05).

Results

Effects of non-lethal doses of ivermectin on the
GSH and MDA concentration in brain and liver
of mice after 1 and 7 day.
The effects of ivermectin on GSH concentration
in the brain and liver of mice after 1 and 7 days.
Oral administration of ivermectin (30 mg/kg
B.wt.) after 1 and 7 days caused a slight decrease
in the GSH concentration in the mice brain
(0.29 +0.003 &0.21+0.01) umol/g, respectively,
compared to the control groups (0.34+0.01 &
0.37+0.01) pmol/g, respectively, with a decrease
in the GSH concentration about (14% & 43%),
respectively.

Whereas ivermectin (60 mg/kg B.wt.)1 and
7 days after oral dosing caused a significant
decrease in the GSH concentration in the brain
(0.20 £0.01 & 0.20+0.005) umol/g, respectively,
compared to the control groups (0.34+0.01
& 0.37+£0.01) pmol/g, respectively, GSH
concentration reduced by a value of (41% and
45%) respectively. Fig (1-a).

Oral administration of ivermectin (30 mg/kg B.
wt). after 1 day resulted in a slight decrease in the
GSH concentration in the liver (7.01 +0.18) umol/g
and a significant decrease in the concentration
after 7 days (5.86+0.19) umol/g compared to the
control groups (7.65+0.10&7.42+0.02) pmol/g,
respectively, GSH concentration reduced by a
value of (8% & 21%), respectively. Whereas
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the ivermectin (60 mg/kg B. wt.), after 1 and
7 days caused a significant decrease in the
GSH concentration in the liver (4.99 +0.05 &
3.2240.19) umol/g, respectively, compared to the
control groups (7.65+0.10&7.42+0.02) pmol/g,
respectively, GSH concentration reduced by a
value of (34% &56%) respectively.

High doses of ivermectin were significantly
influential and caused a decreased liver GSH
concentration significantly compared to the
control group at both times. Fig (1-b).

Effects of ivermectin on MDA concentration in the
brain and liver of mice after 1 and 7 days.

Ivermectin (30 mg/kg B. wt.) after 1
day resulted in a slight increase in the MDA
concentration of the brain (783 =11.10) pmol/g
and a significant increase in the concentration
(988+23.53) umol/g after 7 days of treatment of
mice compared to the control groups (746+10.02
& 777£7.57) umol/g, respectively, with an
increased in the value (4% & 27%) respectively,
whereas ivermectin (60 mg/kg B.wt.)1 and 7 days
after oral dosing caused a significant increase in
the MDA concentration of the brain (863 +8.34
&106449.39) pmol/g, respectively, compared to
the control groups (746+10.02) and (777+7.57)
pmol/g, respectively, with an increased in the
value (13% & 37%) respectively. Fig (2-a).

Oral administration of ivermectin (30 mg/
kg B. wt.) after 1 and 7 days resulted in a
significant increase in the MDA concentration
in the liver (744+11.51&871+10.69) npmol/g,
respectively, compared to the control groups
(696+6.05&753+6.30) umol/g, respectively, with
an increased in the value (6% & 15%) respectively.
Ivermectin (60 mg/kg B. wt.) 1 and 7 days after
oral dosing caused a significant increase in the
MDA concentration in the liver (886+4.84 &
1053+8.07) umol/g, respectively, compared to
the control groups (696+6.05&753+6.30) umol/g,
respectively, with an increased in the value (27%
& 39%) respectively. Fig (2-b).

The two doses of ivermectin caused a
significant increase in the MDA concentration in
the liver of mice compared to the control group at
both times.

Effects of non-lethal toxic doses of ivermectin
on the concentration of interleukin-6 (IL-6) and
tumor necrosis factor-alpha (TNF-a) in the blood
plasma of mice after 1 and 7 days.

The oral administration of ivermectin (30 mg/
kg B. wt.) caused a slight decrease in the plasma
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concentration of both cytokines (IL-6 & TNF-a)
(11.91+0.13 & 10.83+0.02 ng / L), respectively,
compared with the control groups (11.92+
0.13&10.83+0.09 ng/L), respectively. Ivermectin
(60 mg/kg B.wt.) caused a significant decrease in
the IL-6 concentration (10.65+0.29 ng /L) after
1 day of treatment compared with the control
group (11.92+ 0.13 ng/L), while it caused a slight
decrease in the TNF-o concentration (10.78+
0.05) ng /L compared with the control group
(10.83+0.09 ng /L).Fig(3-a).

Ivermectin (30 mg/kg B. wt) slightly
affected the concentration of both cytokines
(IL-6 & TNF-a), while ivermectin (60 mg /kg
B. wt.) caused a significant decrease in the IL-
6 concentration (9.71+ 0.17 ng/L) and TNF-a
concentration (8.46+0.17 ng/L), compared with
the control groups(12.01+ 0.16&10.89+0.02
ng/L), respectively, 7 days after the treatment of
mice. Fig (3- a and b).

Effects of non-lethal toxic doses of ivermectin on
the AchE activity in the blood plasma and brain of
mice 4 and 24 hr

Oral administration of ivermectin (75 and
100 mg/kg B.wt.) 4 hr after the treatment caused
a significant decrease in plasma AchE activity
(1.77+£0.01&1.54+0.1), respectively, compared
to the control group (2.08+0.05), an inhibition
activity by a value of (14%& 25%), respectively.
also when use measuring the AchE activity in
the blood plasma of mice 24 hr after treatment,
ivermectin (75mg/kg B. wt), caused a slight
decrease in AchE activity compared to the control
group with an inhibition ratio of about (10.34%),
while ivermectin as (100 mg/kg B. wt.) caused a
significant decrease in the enzyme activity (0.77
+ 0.18) compared to the control group with an
inhibition ratio of (33 %). Fig.(4-a).

When we compared the enzyme activities at 4
and 24 hr of treatment, we observed a significant
decrease in the AchE activity after 24 hr of
treatment in all ivermectin-treated mice compared
to its activity in the control group (Fig. 4-a).

Oral administration of ivermectin with its
two doses (75 and 100 mg/kg B. wt.) 4 hr after
the treatment caused a significant decrease in
the AchE activity (0.26+£0.01 & 0.13+0.01),
respectively, compared to the control group
(0.54+0.03) with a percentage of inhibition in the
activity by a value of (51% & 75%) respectively,
also but when measuring the AchE activity in
the mice brain 24 hr after oral administration,
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ivermectin (75 & 100 mg/kg of B.wt), caused a & 68%), respectively, hence the two doses of
significant decrease in enzyme activity (0.18+0.03 ivermectin the AchE activity significantly inhibit
& 0.13+0.02), respectively compared to the in the brain of mice compared to the control group
control group (0.41+0.07), inhibition rate of (56% at both times (Fig. 4-b) .
GSH in braintissue (mice) GSH in liver tissue(mice) umol/g
umol/g
0.4 * 10
% * *
0.3 # X3 L
0.2 I 5 #a
01 I 1 I
0 0 l
control  ivermectin ivermectin control  ivermectin 30ivermectin 60
30mg/kg  60mg/kg mg/kg mg/kg
B GSH in brain tissue B GSH in brain tissue B GSHIN liver tissue  WGSHIn liver tissue
(a) (b)

Fig. 1 (a and b). Effects of ivermectin (30 and 60 mg/kg) in brain and liver GSH conc. after 1 and 7 days.
(*) Significantly different in comparison with the control group at P<0.05

(#) Significantly different in comparison between the two times (after 1 and 7 days) of treatment at P<0.05

(a) Significantly different with the group treated with ivermectin at a dose of 30 mg/kg of B. wt. at P<0.05.

MDA in brain tissue (mice) pmol/g MDA in liver tissue (mice) pmol/g
1200 g
1200 *#
*Hb N 1000 *ith *
1000 *hy
b 800
800
600
600
400
400
200
200
0
0 control ivermectin 30 ivermectin 60
control ivermectin 30 ivermectin 60 mg/kg mg/ksg
mg/k mg/k
B MDA in brain ti%s{ug of mice a/ke B MDA after one day
m MDA in brain tissue of mice B MDA after 7 day
(a) (b)
Fig. 2(a and b). Effects of ivermectin (30 and 60 mg/kg) in the brain and liver MDA conc. after 1 and
7 days.

(*) Significantly different in comparison with the control group at P<0.05

(#) Significantly different in comparison between the two times (after 1 and 7 days) of treatment at P<0.05
(a) Significantly different with the group treated with ivermectin at a dose of 30 mg/kg of B. wt. at P<0.05.
(b) Significantly different with the group treated with ivermectin at a dose of 60 mg/kg of B. wt. at P<0.05.
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IL-6 in blood plasma of mice TNF-a in blood plasma of mice
1.4 *a .
12 *Ha 10 *Ha
10 g
8
6
6
4 4
2 2
0 0
control  ivermectin 30 ivermectin 60 control ivermectin 30 ivermectin 60
mg/kg mg/kg mg/kg mg/kg
mIL-Ginblood plasma of mice B TNF-ain blood plasma of mice
B IL-6 in blood plasma of mice ETNF-ain blood plasma of mice
(a) (b)
Fig. 3(a and b). Effects of ivermectin (30 and 60 mg/kg) in the (IL-6) conc. in the blood plasma of mice after 1 and
7 days.

(*) Significantly different in comparison with the control group at P<0.05
(#) Significantly different in comparison between the two times (after 1 and 7 days) of treatment at P<0.05
(a) Significantly different with the group treated with ivermectin at a dose of 30 mg/kg of B. wt. at P<0.05.

AchE activity in blood plasma of mice AchE activity in brain tissue of mice
2.5
2 \ \ 0.6
Le 0.5
' # 0.4 3
1 *H#a 0.3 *
0.2 2
0.5 ’
" 1
0 0
control ivermectin 75  ivermectin control ivermectin 75  ivermectin

mg/kg 100 mg/kg mg/kg 100 mg/kg

m AchEactivity inblood plasma ofmice W AchE activity in brain tissue of mice

W AchEactivity inblood plasma of mice W AchE activity in brain tissue of mice

(a) (b)
Fig.4( a and b ). AchE activity in the blood plasma and brain of mice treated with ivermectin (75 and 100 mg/kg)
after 4 and 24 hr.

(*) Significantly different in comparison with the control group at P<0.05
(#) Significantly different in comparison between the two times (after 1 and 7 days) of treatment at P<0.05
(a) Significantly different with the group treated with ivermectin at a dose of 75 mg/kg of B. wt. at P<0.05.
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Discussion

Ivermectin is an antiparasitic medicine that
belongs to the avermectins family of drugs. It is
a mixture of at least 80% of an avermectin Bla
analog and at least 20% of an avermectin Blb
analog. Ivermectin is widely used in veterinary
medicine [33]. Ivermectin is a very safe drug,
however, there are many studies on its toxic effects
in different types of animals, which reported in
dogs , cats, horses , pigs, cattle and frogs [25],
Its toxicity was more for young animals than
for adults due to increase in the sensitivity to
ivermectin as a result to lack of BBB development
[34].

The oral ivermectin LD, in mice was 115.25
mg/kg of B.wt and approximate lethal dose of
ivermectin was 121 mg/kg of B.wt. [35]. In our
experiments we use doses were not lethal or even
overtly toxic.

Oxidative stress and reactive oxygen species
ROS are strong indicators of diseases produced
as a natural product of cellular metabolism
[36,37]. Lipid oxidation, a complex chain
reaction that creates numerous compounds such
as lipid hydroperoxides and malondialdehyde
as a result of free radicals’ impact on lipids
[38]. Oral administration of ivermectin ( 30 and
60) mg/kg B.wt. after 1 and 7 days caused a
significant decrease in the GSH concentration in
the mice brain and liver compared to the control
groups with a high values of decrease in the
GSH concentration after 7 days reach to (41%
& 72%) in the brain and (21% and 56%) in
the liver , respectively, this indicates the ability
of ivermectin to induce an oxidative imbalance
which leads to increased oxidative stress and
lipid peroxidation [14], When ivermectin induced
adverse reactions have highlighted its oxidative
nature that increasing toxic oxygen intermediates
then it induced biochemical changes in the host
animals as GSH and MDA concentration in rats
blood plasma [13], or in carp fish tissues [14].

The main functions of GSH include
detoxification of free radicals and ROS in the cells
and acts on the synthesis of DNA and proteins and
has an important role defensively as an antioxidant
and regulates the growth and death of cells in
processes such as regulation of the oxidation-
reduction state within the cell [39-41]. Ivermectin
(30 and 60)mg/kg cause an increase in the MDA
concentration as a result to the formation of more
free radicals which cause damage to the lipid bio

membrane, mainly polyunsaturated fatty acids,
which cause hyper oxidation of fats, leading to
an increase in the concentration. The increase
in MDA levels shows that there is a reduced
generation of OH free radicals and less damage to
the biomembrane [42,43].

When we studied the toxic effects of
ivermectin on the immune response in mice, by
measuring the concentration of some cytokines(
IL-6) and the (TNF-a ) concentration in the blood
plasma of mice, the results showed minor effects
of ivermectin of these cytokines compared to the
control group after 1 and 7 days of treatment,
which indicates ivermectin did not produce
any immunological stimulation in monocytes,
macrophages, T and B lymphocytes, and mast
cells [44], therefore, the immune response did
not appear when we measured the concentration
of IL-6 and TNF- a, perhaps because these doses
are in low toxicity and the number of exposure to
these doses is low that they did not stimulate the
release of these cytokines [1].

On the other hand, non-lethal toxic doses of
ivermectin (75 and 100) mg/kg B.wt., caused
a significant decrease in the AchE activity in
the blood plasma (25% and 33 %) and in the
brain (75% & 68%), respectively, after 4 and
24 hr of treatment, which are a high percentage
compared to the decrease in the activity of the
enzyme in the blood plasma of mice, and this
disparity in the inhibition rates between brain
and blood plasma may be due to the nonspecific
inhibition, and its possible that GABA-mimetic
effects of ivermectin has overcome any other
excitatory toxic manifestations in mice as a
results of cholinesterase inhibition. The clinical
significance of the present finding is to avoid
the combination of anticholinesterase drugs or
insecticides with ivermectin intended for animal
therapy [45].

Conclusion

Non-lethal toxic doses of ivermectin affected
the oxidative stress, Did not affect the immune
response of treated mice, High doses of ivermectin
affected the activity of AchE.
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