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Summary

Avermectins including Ivermectin and Eprinomectin are broad spectrum endectocides. These drugs are considered to
have no serious adverse effects at therapeutic range. However, use of avermectins in overdose in some animal species and
at the therapeutic range in humans could result in some adverse effects including mainly nervous system effects and some
general symptoms. This study was aimed to investigate effects of Eprinomectin and Ivermectin on plasma
malondialdehyde (MDA) and glutathione (GSH) levels in lactating cow. Ten Holstein breed lactating dairy cows were
divided into 2 groups. Before the application of drugs, blood samples were collected from the jugular vein in each group
at 0 hour as control, and then Group 1 and 2 received a single pour-on application of Ivermectin (0.5 mg/kg body weight)
and Eprinomectin (0.5 mg/kg body weight), respectively. Blood samples were then collected again from the jugular vein at
timed-intervals (at 1, 4, 8, 24 and 36 hours and on 2, 3, 4, 5, 6, 8, 10, 12, 15, 20 and 25th days) to measure plasma MDA
and GSH concentrations. Eprinomectin and Ivermectin treatment caused a transient decrease in GSH levels which is
followed by transient increase (P<0.05). However, no difference was observed in MDA levels at all sampling points
following the Eprinomectin and lvermectin treatment compared to control samples (P>0.05). It was concluded that
Eprinomectin and Ivermectin cause decreased GSH concentrations without alterations in MDA level leading to a decrease
in the defense mechanism against oxidative stress although the decrease is not enough to cause lipid peroxidation.
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ineklerde Eprinomektin ve ivermektin’in Plazma Antioksidan ve
Lipid Peroksidasyonu Uzerine Etkisinin Karsilagtirmali Arastiriimasi

Ozet

Avermektinlerden Ivermektin ve Eprinomektin genis spekturumlu endektositlerdir. Bu ilaclar tedavi dozlarinda ciddi
yan etkileri olmayan ilaclar olarak kabul edilir. Fakat avermektinler yiiksek dozlarda hayvanlarda ve sagaltim dozunda
insanlarda sinir sistemi ve genel semptomlarla karakterize bazi yan etkileri vardir. Bu calismada ivermektin ve
Eprinomektin’in sagimdaki ineklerde plazma malondialdehid (MDA) ve glutatyon (GSH) seviyelerine etkisi arastirilmistir.
10 adet Holstayn irki stit veren inek 2 gruba ayrildi. Grup 1 ve grup 2 ye sirasiyla tek doz olarak dokme tarzinda
ivermektin (0.5 mg/kg viicut agirligl) ve Eprinomektin (0.5 mg/kg viicut agirhigr) uygulandi. ilac uygulamasindan énce kan
ornekleri 0. saatte kontrol uygulamasi olarak vena jugularis'ten alindi. Kan ornekleri ilag uygulamasini takiben belirli
zaman arahklarinda (1, 4, 8, 24 ve 36. saatlerde ve 2, 3, 4, 5, 6, 8, 10, 12, 15, 20, ve 25. giinlerde) yine jugular ven’den
toplandi. Eprinomektin ve ivermektin GSH seviyesinde gecici bir diismeye ve takiben yine gecici bir artisa sebep oldu
(P<0.05). Fakat MDA seviyelerinde herhangi bir degisiklige rastlanmadi (P>0.05). Sonu¢ olarak, Eprinomektin ve
ivermektinin plazma GSH seviyesinde gecici bir diismeye sebeb olarak antioksidan kapasitede bir diisiise neden
olabilecegi fakat bu dusustn lipid peroksidasyonuna yol agmayacak derecede oldugu sonucuna varildi.
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INTRODUCTION

Ivermectin and Eprinomectin are widely used
anthelmentic drugs belonging to avermectins of
macrocylic lactones. They are both effective in
controlling internal and external parasites, and
they are often called as endectocides due to their
broad spectrum against endo- and ectoparasites
including nematodes and arthropods '. Both are
semi-synthetic derivatives of avermectin B1
produced by soil bacterium Streptomyces
avermilitis. Eprinomectin (4"-epiacetylamino-4"-
deoxyavermectin B1) is an Avermectin used as a
topical endoectocide in cattle. In contrast to other
members of Avermectins, Eprinomectin can be
safely used in lactating cows due to the lowest
residue level in milk which is below the allowed
level of 30 ng/ml .

The low milk residue of Eprinomectin was
reported to be associated with physicochemical
properties of Eprinomectin. Other than Eprinomectin,
many other members of Avermectin family
including lvermectin have a milk to plasma ratio
greater than or equal to 1. However, Eprinomectin
has milk to plasma ratio lower than 0.2 *. This is
reported to be due to chemical structure of
Eprinomectin where the unsaturated C bond at 20-
22 and 4”-epi-acetylamino substituents in the
structure confer the low milk to plasma partitioning
by altering solubility and membrane interactions.
On the other hand, Ivermectin are saturated at the
C 20-22 and show equal or greater milk
concentration than the plasma 2.

Although mechanism of action of these
compounds is not fully determined, avermectins
including Ivermectin and Eprinomectin act on
gamma-amino-butyric acid (GABA)-related and
non-GABA related chloride channels in the central
nervous system (CNS) of nematodes and insects. In
mammals, it is known that GABA-mediated nerve
transmission is confined to CNS. In addition,
mammals have blood-brain barrier which limits
the passage of avermectins to the CNS due to large
molecular structures of these drugs. Therefore,
mammals are resistant to the toxic effects of
avermectins in normal therapeutic doses .
However, reports also indicate that avermectin
toxicity may be seen following over dosage of
avermectins. The toxic signs in response to
avermectins are related to general indefinite

symptoms and also include nervous symptoms
such as ataxia and tremors 7.

Pesticides are responsible for an important part
of mortality and morbity among many drugs and
chemicals. They could result in oxidative stress
and generation of free radicals which play an
important role in the toxicity. In addition, pesticides
interfere with some antioxidant systems including
glutathione system ®°. Use of Eprinomectin and
Ivermectin for antiparasitic therapy is generally
known to be safe and effective at the therapeutic
range '. To our knowledge, however, their effects
on the antioxidant mechanism and oxidative stress
are unknown. Oxidative stress is a term defining
the imbalance between prooxidant and antioxidant
state in favor of prooxidants in the organism.
Excessive generation of reactive oxygen species
(ROS) or a decrease in antioxidant mechanism due
to endogenous or exogenous sources could lead to
the oxidative stress. Lipid peroxidation occurs as a
result of oxidative damage leading to the
breakdown of cellular membranes and other lipid
containing structures "'". In addition, ROS could
interact with many cellular components of the cell
including structural carbohydrates, enzymes,
proteins and nucleic acids leading to pathological
alterations and damage to these structures ™.
Glutathione is the most important non-enzymatic
antioxidant peptide playing some important roles
in many cellular processes. In addition to free
radical scavenging activity, GSH serves in
detoxification of xenobiotics, regulation of signal
transduction, cell proliferation, synthesis of
deoxyribonucleotides, immune response, gene
expression, apoptosis and leukotriene and
prostaglandin metabolism "', Therefore, GSH
deficiency could play an important role in the
pathophysiology of many diseases.

In this study, it is aimed to investigate and
monitor plasma levels of GSH and MDA following
pour-on application of Ivermectin and
Eprinomectin in lactating cows.

MATERIAL and METHODS

Ten clinically healthy Holstein breed lactating
dairy cows were divided into 2 groups as group 1
(lvermectin applied group) and group 2
(Eprinomectin applied group). All animals were
kept under close watch for a month without giving



any drugs. During this period, animals were daily
controlled and examined for any health problems,
and no health problem was encountered. The
animals were fed with alfalfa and pasture grass ad
libitum and 8 kg of concentrate pelleted feed 2
times a day after milking. An approval was obtained
from the institutional Ethics committee of Adnan
Menderes University for the study. Eight ml of
blood samples were collected in EDTA containing
tubes. Before the application of drugs, blood
samples were collected from the jugular vein at 0
hour. These blood samples served as control to
compare the expected alteration in GSH and MDA
levels after the application of the drugs on the
following days. After obtaining the control samples,
group 1 received single pour-on application of
Ivermectin (Hektamec, Hektas, Kocaeli, Turkey,
containing 5 mg/ml lvermectin, pour-on solution
at a dose of 0.5 mg/kg, 1 ml/kg) along the midline
of the back. Similarly, Group 2 received pour-on
administration of Eprinomectin (Eprinex® , Topkim,
Istanbul, Turkey, pour-on solution containing 5
mg/ml Eprinomectin), along the midline of the
back (at a dose of 0.5 mg/kg, 1 ml/10 kg body
weight). Blood samples were then collected again
from the jugular vein at 1, 4, 8, 24, 36 hours and
on2,3,4,5,6,8, 10, 12, 15, 20, and 25" days.
The blood samples were centrifuged at 3000 rpm
for 20 min to separate plasma. The samples were
stored at -30°C until further analysis. The GSH
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concentrations of plasma samples were determined
according to Ellman ™. GSH reacts with 5.5
dithiobis-2-nitrobenzoic acid, and the product has
a maximal absorbance at 410 nm. The results were
expressed as pmol/L. The MDA levels of plasma
samples were assayed spectrophotometrically at
535 and 520 nm according to Uchiyama and
Mihara ™. A standard calibration curve was drawn
by using 1.1.3.3-tetramethoxypropane. The results
were expressed as pmol/L.

Statistical comparison of the data obtained at
different sampling points within the individual
groups was analyzed by repeated measurement
ANOVA which is followed by Tukey’s post hoc
test using a computer program SPSS version 10.0
for Windows (SPSS Inc., Chicago, IL). P values less
than 0.05 were considered significant. Data are
presented as means+SD.

RESULTS

Plasma levels of GSH and MDA vs. time curve
in group 1 and 2 were presented in Fig 1 and 2,
respectively. Following the application of
Eprinomectin to group 2, no change was observed
in plasma GSH level for the first 24 hrs (at 1, 4, 8
and 24 hrs) compared to plasma samples obtained
before Eprinomectin treatment (0 hour sample).
However, plasma GSH levels of Eprinomectin-
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Fig 1. Plasma GSH concentrations
vs. Time profile in Eprinomectin-
and Ivermectin treated groups 5 -

following pour-on treatment in
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significant difference at time points
compared to 0 hour control in 4
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and Ivermectin treated groups 141
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treated group were significantly decreased at 36 hr
(P=0.004), on day 2 (P=0.000), 3 (P=0.001) and 4
(P=0.032) compared to that of control obtained
before the application of the Eprinomectin (0 hour
sample). On day 5, 6, 8, 10 and 12, plasma GSH
levels in group 1 were similar to that of control.
However, there was an increase in GSH of
Eprinomectin treated group on days 15 and 20.
GSH decreased significantly (P<0.05) in
Ivermectin treated group on days 3 (P=0.005) and
4 (P=0.014) which is followed by an increase in
GSH level on days 8, 10, 12, 15 and 20 after the
drug application (Fig 7). No difference was
observed in MDA levels in both groups at all
sampling points compared to the blood samples
obtained before the drugs administration (P>0.05).

DISCUSSION

In the present study, cows received pour-on
Eprinomectin and Ivermectin treatment at the
therapeutic doses showed a transient reduction in
plasma GSH levels which is followed by a transient
increase, whereas no alteration was observed in
plasma MDA concentration before and after the
treatments at all sampling points. The reduced
GSH at several time points in both Eprinomectin
and Ivermectin treated groups suggest a decrease
in non-enzymatic part of antioxidant defense
system. Administration of experimentally very high

concentration of Ivermectin to the rats for LDso
studies indicated that Ivermectin causes
centrilobar necrosis in liver . In human, a single
dose of 150 or 200 pg/kg of lvermectin resulted in
elevation in alanine amino transferase activity
(ALT) and some hematological alterations
including increased total leukocyte count and
prolongation of prothrombin time *. It was reported
that acaricides including Ivermectin are able to
inhibit recombinant glutathione S-transferase
(GST) activity which catalyses conjugation of GSH
with exogenous and endogenous molecules in the
detoxification and metabolism ™. Avermectins at
therapeutic level are safe in mammals. However,
transient decrease in GSH level in the present study
was observed as the adverse effect of these tested
chemicals. Similarly, several pesticides were reported
to decrease blood and lymphocyte GSH following
exposure. The lymphocyte GSH concentration was
reported to play important role in pesticide induced
oxidative stress and immune function °.

In addition, avermectin could alter humoral and
cellular immune response. Sajid et al.” reported
that Ivermectin in rabbits at therapeutic doses
caused immunostimulatory effects by increasing
leucocyte count, macrophage engulfment percentage,
plague forming cell. Increase in cellular immune
activity could be a source for the free radical
generation " which could be counteracted by GSH
against oxidative stress leading to utilization and



reduction of GSH from the available GSH pool.

Glutathione is mainly synthesized in the liver
and released into blood *. Avermectins undergoes
limited metabolism in the liver and the highest
concentration found in the liver following
administration °. Eprinomectin and lvermectin reach
the peak plasma concentration approximately on
day 2 following pour-on administration **. In the
present study, following the drug application the
decrease in GSH levels was observed at 36 h, on
days 2 and 3 in Eprinomectin treated group and on
days 3 and 4 in the Ivermectin treated group. The
decrease in GSH level in both groups correlates
well with the peak plasma level of Eprinomectin
and Ivermectin in terms of the highest available
effect. There was also a transient increase in GSH
in both groups. The transient increase in GSH in
both groups following reduction could be
attributed to compensatory mechanism to replenish
the GSH stores and to counteract the altered redox
state. The adaptive changes in GSH following
oxidative stress are reported in many studies
especially in chronic type of oxidative stress
conditions "%,

Cells have several types of defense system
including enzymatic and non-enzymatic antioxidant
systems against oxidative damage. Among these
mechanisms, GSH plays an important role in
scavenging of hydroxyl radicals and singlet oxygen
»_|f there is an over production of free radical, the
antioxidant capacity can be overwhelmed by
excessive level of pro-oxidants leading to lipid
peroxidation. MDA can be utilized to estimate
lipid peroxidation. Malondialdehyde is an end
product produced following lipid peroxidation
and considered to be one of the indicators of lipid
peroxidation #. In the present study, unaltered
MDA levels indicate lack of lipid peroxidation.
The most plausible explanation for unaltered MDA
could be associated with transient decrease in
GSH and other available antioxidant systems
which are not used up by ROS. Therefore, the
concentration of free radicals generated are not
enough to induce lipid peroxidation due to
transient decrease in GSH, or GSH and other
antioxidant system were able to compensate the
oxidative state. Another mechanism could be
related to some antioxidant elements found in the
diet such as vitamin E which could protect against
lipid peroxidation. However, decreased GSH
concentrations without alterations in MDA levels
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at particular time points following Eprinomectin
and lvermectin treatments indicate that these drugs
could decrease the defense mechanism against
oxidative stress although the decrease is not
enough to cause lipid peroxidation.

In conclusion, Eprinomectin and Ivermectin
can cause decreased plasma GSH concentrations
without alterations in plasma MDA level leading
to a decrease in the defense mechanism against
oxidative stress although the decrease is not
enough to cause lipid peroxidation.
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