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Abstract

The present study aimed to investigate the effects of nano-capsulated ivermectin on the liver and
kidney function and oxidative status in mite infested-rabbits, compared to ivermectin. Addition-
ally, the ivermectin residue profile in adipose tissue, liver, muscle, and kidney was evaluated. For
this purpose, nano-capsulated ivermectin was prepared and characterized using high-resolution
transmission electron microscopy (HRTEM) and cytotoxicity assay on Vero cells. To assess the
effect of dose escalation of nano-capsulated ivermectin, one-hundred naturally mite-infested male
rabbits were divided into four groups (G1-G4; n=25). Rabbits kept in G1 were left untreated
(positive control), while rabbits kept in G2 and G3 received subcutaneously 200 and 400 pg/kg
body weight ivermectin, respectively, at zero-day and repeated after two weeks of the first in-
jection. Rabbits in G4 were treated with 200 pg nano-capsulated ivermectin at zero day as a
single dose. Additionally, twenty-five healthy male rabbits (GO) were used as a negative con-
trol. The efficacy was assessed based on clinical manifestations, liver and kidney function, and
oxidative stress parameters. Ivermectin residues were measured in fat, liver, muscle, and kid-
ney using high-performance liquid chromatography (HPLC). Results showed that the size of the
nano-capsulated ivermectin was 35.4 nm with a narrow size distribution of 0.578 polydispersity
indexes. A significant improvement in liver and kidney functions (P<0.05) was observed in G4
received nano-capsulated ivermectin compared with G1, G2, and G3. Moreover, the oxidative
stress marker malondialdehyde (MDA) showed significantly lower levels (P<0.05) in rabbits kept
in G4. The nano-capsulated ivermectin treatment had the lowest ivermectin residues in edible
tissues with the shortest withdrawal duration (14 days) below the maximum residue limits. The
study concluded that nano-capsulated ivermectin is the recommended antiparasitic against mites
in rabbits.
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Introduction

Psoroptes cuniculi (P. cuniculi) and Sarcoptes scabiei
(S. scabiei) var. cuniculi are the most common ec-
toparasitic mites in rabbits and impose a public health
hazard (Nong et al., 2013; Kachhawa et al., 2013). P.
cuniculi infestation in rabbits causes intense pruritus,
serious scabs, and exudations in the external acoustic
meatus (Nong et al., 2013; Shang et al., 2014). How-
ever, S. scabiei infestation leads to dermatitis, hair
loss, pruritic scabs, and skin thickening. Mite infes-
tation in Egyptian rabbit farms causes significant eco-

nomic losses due to high mortality rates of newly born
and high morbidity rates in adults (El-Ashram et al.,
2020). Additionally, mite infestation in rabbits pre-
disposes to coccidiosis infestation (Darzi et al., 2007;
Seddiek et al., 2013; El-Ashram et al., 2020).

Till now, the acaricides of choice against mites in
rabbits is ivermectin (Guo et al., 2018). However,
drug residues and the potential for drug resistance
development are a great disadvantage of ivermectin
use. Ivermectin residues could be detected in kidneys
for up to three days, skeletal muscles, or liver for up
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to seven days, and skin and fat up to 15 days post-
treatment threatening human consumers for these edi-
ble tissues with toxicity and parasite resistance (Omura
and Crump, 2014). This highlights the urgent need to
improve ivermectin or develop alternative treatments
for S. scabiei and P. cuniculi infections.
Nanotechnology is one of the potential ways to min-
imize these adverse effects (Guo et al., 2018; Telia et al.,
2017; Sala et al., 2018). Nano-drug delivery systems
have been proposed for antiparasitic therapy delivery
to raise bioavailability, sustained release, and intra-
cellular penetrability (Gamboa et al., 2016). There-
fore, the current work aimed to evaluate ivermectin
nanoparticles in naturally mite-infested rabbits.

Material and methods

Preparation and characterization of
capsulated ivermectin

nano-

The nano-capsulated ivermectin was prepared accord-
ing to Patel et al. (2018). Briefly, 30 mg/mL pure
ivermectin (Animal Health Research Institute, Giza,
Egypt), 4 mL span 80 (Merck, Darmstadt, Germany),
and 0.3 mL/mL tween 80 (Merck, Darmstadt, Ger-
many) and 6.17 mL/mL soybean oil (National Re-
search center, Giza, Egypt) were mixed for 30 min in
a homogeneous blender 1500 watt, and then distilled
water was slowly added up to 100 mL to the mixed
oil phase . High-resolution transmission electron mi-
croscopy (HRTEM) monitoring is carried out using a
JEM 1400F HRTEM at a beam energy of 300 keV to
characterize the ivermectin nanoemulsion and measure
electrical conductivity, zeta potential (surface charge),
and both size droplet and distribution (polydispersity
indexes PDI) of nanoemulsion using Zetasizer Malvern
Instrument (Corp, Malvern, UK).

Cytotoxicity assay of nano-capsulated ivermectin

Vero cells donated from Nawah Scientific Inc. for cell
culture (Cairo, Egypt) were grown in Dulbecco’s Mod-
ified Eagle Medium (DMEM, ThermoFisher GmbH,
UK) media supplemented with 100 unit/mL penicillin,
100 mg/mL streptomycin, and 10% heat-inactivated
fetal bovine serum in a humidified in a 5% (v/v) COq
incubator at 37°C. Cell viability was determined us-
ing sulforhodamine B (SRB) at various concentrations
(0.01, 0.1, 1, 10, and 100 pug/mL), as described by Am-
merman et al. (2008). Briefly, aliquots of a 100 mL cell
suspension (containing 5x10% cells) were incubated in
a full medium in 96-well plates for 24 hours.

The cells were then given a second aliquot of 100
mL of medium containing encapsulated ivermectin in
concentrations ranging from (0.01, 0.1, 1, 10, and 100
g/mL). After 72 hours, cells were fixed by removing the
medium and adding 150 mL of 10% Trichloroacetic acid
(TCA) (Merck, Darmstadt, Germany), and incubating
for an hour at 4°C. Cells were washed five times with
distilled water after the TCA solution was removed.
Aliquots of a 70 mL SRB solution (Merck, Darmstadt,
Germany) at 0.4 percent by volume were then added
and incubated for 10 minutes at room temperature in
a dark environment.

Assessment of the efficacy of nano-capsulated iver-
mectin

Animal ethics

The Institutional Animal Care and Use Committee
(ARC-TACUC) at Agricultural Research Center is or-
ganized and operated according to the World Organi-
zation for Animal Health (OIE) and the Eighth Edition
of the Guide for the Care and Use of Laboratory An-
imal (2011). The ethical committee approved sample
collection from 9/01/2021 till 1/05/2021 via an autho-
rized veterinarian applying minimum constrain to the
animals and using approval sample collection methods.
(ARC-AH-21/15).

Ezxperimental design

A total of one-hundred naturally mite-infested male
rabbits with an average body weight of 1700+100 g
were obtained from a farm and divided into four groups
(G1-G4). Mange infestation was identified based on
lesions and confirmed microscopically by taking skin
scraping samples smoothly with a scalpel blade dipped
in mineral oil to examine the mobility and morphology
according to Bowman (2021). Additionally, twenty-
five healthy male rabbits and mange free were used as
a negative control.

Rabbits kept in G1 (n=25) were untreated (pos-
itive control), while rabbits kept in G2 and G3 re-
ceived subcutaneously 200 and 400 ug/kg body weight
ivermectin, the same dose was repeated after 2 weeks.
Rabbits kept in G4 were treated with 200 ug/kg body
weight nano-capsulated ivermectin as a single dose (Lu
et al., 2018). All rabbits were free to access to a com-
mercial pelleted diet and water. Blood samples were
obtained two weeks post-treatment for assessment of
kidney and liver function parameters and antioxidant
indicators by a calorimetric method using standard kits
(Bio-diagnostic, Cairo, Egypt) according to the man-
ufacturer. Seven days post the 2"4 dose of treatment,
five rabbits from each group were slain to collect fat,
liver, muscle, and kidney samples for assessment of
ivermectin residue using high-performance liquid chro-
matography (HPLC) device. The procedures were re-
peated weekly for another three times.

Biochemical tests

Liver and kidney function tests

Serum aspartate aminotransferase activity (AST)
was determined using commercial kits (Biodiagnostic,
Giza, Egypt). Serum alanine aminotransferase activity
(ALT) was determined calorimetrically using a TECO
kit, (TECO Diagnostic, California, USA), serum urea
was determined enzymatically using commercial kits
(BioMed-Urea/BUN-(UV), Cairo, Egypt) and serum
creatinine was determined calorimetrically using com-
mercial kits (Biodiagnostics, Giza, Egypt).

Antioxidant and oxidative stress biomarker tests
Glutathione-S-Transferase (GST), superoxide dismu-
tase (SOD), malondialdehyde (MDA), and lipid per-
oxidase were determined using commercial kits (Biodi-
agnostic, Giza, Egypt).
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Figure 1: Clinical ear lesions caused by Psoroptes cuniculi (A) and crustaceous lesions on the body caused by
Sarcoptes scabie (B, C) before treatment. Psoroptes cuniculi appeared as oval-shaped with well-developed legs
that project beyond the body margin (D). Adult Sarcoptes scabiei appeared as spherical, ventrally flattened
and dorsally convex tortoise-like bodies and multiple cuticular spines (E).

Estimation of ivermectin residue in rabbit tissue

Stock standard solution of ivermectin was formulated
at a 1 mg/mL (1000 ppm) concentration in methanol
and kept in amber glass at 4°C till use. It was diluted
with methanol to obtain the fortification solution at a
concentration of 10 ppm, which should be freshly pre-
pared. The calibration curve was created by fortifying
blank rabbit tissues with various volumes of fortifica-
tion solution to yield a concentration range of 2-500
ppb (calibration samples) and spike blank tissues to
prepare quality control (QC) samples at 50, 100, and
200 ppb for fat and liver, at 15, 30 and 60 ppb for kid-
neys and muscle. The standards were injected three
times onto HPLC. The analysis of ivermectin was per-
formed by HPLC with solid-phase extraction (SPE)
(Strata, C18, 250 mg, 3mL) and fluorescence detec-
tion following the methodology previously defined by
Mestorino et al. (2017) with minor adjustments to in-
crease accuracy and sensitivity.

One gram of minced fat, liver, muscles, and kid-
ney was homogenized in 2 mL of acetonitrile for 10
min and sonicated for 10 min, then centrifuged at 4°C
at 2000 xg for 2 min. The supernatant was trans-
ferred to another polypropylene-containing tube, and
the extraction was repeated. Collected supernatants
were applied to SPE C18 cartridges that were pre-
conditioned with 1 mL of methanol and then 1 mL
of distilled water. All samples were loaded to the ac-
tivated cartridge, washed with 1 mL of water followed
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by 1 mL of methanol/water (1:3, v/v), dried for 2 min
with air, and eluted with 3 mL of methanol HPLC
grade. The obtained eluent evaporated at 60°C using
an N2 evaporator. The dry residue was dissolved in
100 pL of a mixture of N-methylimidazole solution in
acetonitrile (1:1, v/v).

To initiate the derivatization, 150 pL of a solution
of trifluoroacetic anhydride in acetonitrile (1:2, v/v)
was added and mixed for 30 seconds. The extract was
injected immediately into the HPLC system. HPLC
parameters required chromatographic conditions mo-
bile phase (acetonitrile: methanol: 2% acetic acid;
64: 32: 4), 1.5 mL/min of flow rate, 100 upL injec-
tion volume, C18 column (Agilent, 250 mm X 4.6 mm,
3.5um), 35°C of the column and excitation at 365 nm
and emission at 475 nm of fluorescence detector were
using Agilent Series 1200 quaternary gradient pump,
Series 1200 autosampler, Series 1200 FLD is a detector
and HPLC 2D Chemistation software. The analyti-
cal method was validated according to requirements
(ICH, 2015) in terms of linearity and range, intra-day
& inter-day precision, recovery, limits of detection and
quantification (LOD & LOQ), robustness, system suit-
ability test (SST), and specificity was determined using
QC samples.
Statistical Analysis
The obtained results are shown as the Mean + Stan-
dard Deviation (Mean+SD) and analyzed with SPSS
by using the ANOVA test (version 14.0; SPSS Inc,
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Figure 2: High-resolution transmission electron microscopy (HER-TEM) of ivermectin nanocapsulated with
spherical shaped and a smooth surface, and their average particle size was 35.4 nm with a polydispersity in-
dex: 0.578 (A). Cell viability percent (%) of Vero cells treated with nanocapsulated ivermectin is 98.38, 98.11,

97.6375, 97.057, and 87.0942, respectively (B).

Chicago, I11). The estimation of a significant difference
was set at p<0.05 according to Neyeloff et al. (2012).
Results

Clinical and microscopical examination of mange
infestation in rabbits

The microscopic examination revealed P. cuniculi from
the ear lesions (Figure 1A,B&D) and S. scabiei from
the dorsal surface lesions of the body (Figure 1C&E).
Healthy rabbits were proved to be devoid of ectopara-
sites by microscopic examination of the skin scraping
and used as a negative control.

Characterization of nano-capsulated ivermectin
The nanodroplet characterization of ivermectin nano-
capsulated was primarily determined by HRTEM. The
nano-capsulated size was 35.4 nm with distribution in
narrow size (polydispersity index: 0.578), indicating
that homogeneity can be achieved (Figure 2A). The
zeta potential is an indicator of stable suspensions that
are commonly measured using dynamic light scattering
(DLS) and had a -4.33+ 4.56 mV, the viscosity 0.08872
(cp), and conductivity of 0.0258ms/cm.

Cytotoxicity assay

After three days of inoculation with nano-capsulated
ivermectin at different concentrations (0.01, 0.1, 1, 10,
100 pg /ml), cell viability percent was 98.38, 98.11,
97.6375, 97.057, and 87.0942, respectively, measured
by SRB. and IC50= 100 pg/mL which based on the
cell viability results (Figure 2B), the 50% inhibition
concentration (IC50) was calculated using linear inter-
polation (Wu et al., 2018) as shown in (Figure 3).

Assessment of the efficacy of nano-capsulated iver-
mectin

The initial antiparasitic dosage was 0.58 mL for each
rabbit (400 pug nano-capsulated ivermectin/kg rabbit),
which resulted in rabbit mortality within seven days.
Therfore, we used 0.58 mL containing 200 pg nano-
capsulated ivermectin/kg rabbit which was safe for use
in rabbits as indicated by safety (Data not shown).
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Biochemical analyses

In the present study, ALT, AST, serum urea, and
creatinine elevation were significantly lower in iver-
mectin treated groups than the positive control group
(P<0.05), indicating that ivermectin treatment im-
proved liver and kidney function. However, the most
improvement was obtained in the nano-capsulated iver-
mectin treated group as shown in Table 1.

The oxidative stress status was assessed in all
infested rabbits as detected by increased oxidative
metabolites (MDA) and decreased antioxidant en-
zymes (SOD & GST). The treatment groups showed
higher significantly different values (P<0.05) than the
positive control group indicating that ivermectin treat-
ment ameliorated oxidative processes. The most pos-
itive action was obtained in the group that received
nano-capsulated ivermectin, as shown in Table 2.

Ivermectin tissue residues in treated rabbits

The assay was validated and verified according to ICH
(2015); USP (2019). The obtained results were summa-
rized in Table 3 showing good linearity within a range
(2-500 pg/kg) in different matrices with a correlation
coefficient of >0.99. This method exhibits high accu-
racy and recovery (87-101%), good precision, and SST
results within acceptable criteria.

Drug residues study revealed that the highest con-
centrations of ivermectin were found in adipose tissue
than in other edible tissues. The residue in both tested
fat and liver was greater than that in tested kidneys
and muscles, as shown in Table 3. Ivermectin was
identified in high concentration on the 14" day, then
decreased and outstanding stable on the 28" day post-
treatment. However, it was clear that all over the ex-
amined tissue samples among different treated groups,
the nano-capsulated ivermectin treated group achieved
the lowest ivermectin residues, as shown in Table 4.
Maximum residue limits (MRLs) of ivermectin were
estimated in fat and liver as 100 ng/g and in kidney
and muscle as 30 ng/g, as shown in Figure 3.



Table 1: Levels of urea, creatinine, alanine, and aspartate aminotransferase enzymes (ALT & AST) expressed
as Mean=+SD in rabbits of different treatment groups.

Negative Positive Mange infested and treated groups™
Paramaters
control control Ivermectin Ivermectin Nano-capsulated ivermectin
200 pg/kg (G2) 400 pg/kg (G3) 200 pg/kg (G4)
Urea (mg/dL) 32.2141.154  55.3341.2*  43.6641.86° 49.140.58P 43.21+£1.15¢
Creatinine (mg/dL) 0.69+0.01°¢ 1.14+1.09*  0.7840.75° 0.8740.84P 0.6340.59¢
ALT (U/L) 6.31+0.58° 13.224+0.58*  6.4140.58¢ 9.1240.58P 5.2140.58¢
AST (U/L) 6.3340.33" 12.6740.84*  7.4140.86" 10.6740.68* 7.6640.78P

* Values in raw with different small letters in each row were significantly different at P<0.05.

Table 2: Superoxide dismutase (SOD), glutathione-S-transferase (GST), and malonaldehyde (MDA) in control
and treated rabbit groups.

Negative Positive Mange infested and treated groups™
Paramaters
control control Ivermectin Ivermectin Nano-capsulated ivermectin
200 pg/kg (G2) 400 ug/kg (G3) 200 pg/kg (G4)
SOD (U/mL) 22.8841.80* 13.55+1.22¢  19.0541.51P 16.15+.99¢ 19.89+1.43P
GST (U/ml)  67.73+4.66* 50.384+2.469  62.8743.06° 58.5343.41° 61.6344.66°
MDA (nmol/ml)  5.14£0.22° 10.9540.25*  6.0040.64P 8.240.53 3.9540.15°

* Values in raw with different small letters in each row were significantly different at P<0.05.

Table 3: Validation sheet of ivermectin in different rabbit tissues by high-performance liquid chromatography
(HPLC).

Parameter Adipose tissue Liver Muscle Kidney Acceptance criteria
Retention time 12.161 -
Range (ppb) 2-500 ppb -
Correlation coefficient 0.99954 0.99958 0.99994 0.99994 >0.99
LOD (ppb) 0.48 0.19 0.11 0.26 -
LOQ (ppb) 1.5 0.57 0.33 0.77 -
Recovery (%) 87-92 89-95 92-101 92-98 85- 115
Intra-day precision (CV%) 0.72 0.32 0.2 0.3 <1
Inter-day precision (CV%) 1.3 0.42 0.31 0.31 <2
Pooled robustness (CV%) 3.8 2.4 2.5 3.1 <6
Tailing factor 1.08+0.01 1.03£0.01 1.02+0.01 1.0240.01 <2
System suitability test Symmetry 0.9140.01 0.9£0.01 0.93£0.01 0.9140.01 <1
Theoretical plate 805111 8670+42 8850£25 8221421 >2000
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Figure 3: Chromatogram of ivermectin in the kidney at 30 ppb concentration (A), in the liver at 100 ppb
concentration (B), in the muscles at 30 ppb concentration (C), and in adipose tissues at 100 ppb concentration

(D).

Table 4: Validation sheet of ivermectin in different rabbit tissues by high-performance liquid chromatography

(HPLC) expressed as Mean+SD.

Parameters Groups Days post treatment™ MRL (ppb)
7 14 21 28
Nano-capsulated ivermectin 125.2419.6° 52.6+5.2°¢ 1942.5¢ 4.84+0.4¢
Fat 200 pg/kg ivermectin 206+ 12.9»  72.543.4> 26.3+1.8> 6.340.3P
400 pg/kg ivermectin 250.6+12.3* 87.6+5.4* 36.24£2.2%  9.140.4%
Nano-capsulated ivermectin 98.6+12.3¢ 474+4.6°  14.841.6P¢ 4.2+0.3b¢ 100
Liver 200 pg/kg ivermectin 129.14£8.1>  61.6+3.1>  16.64+0.1>  4.640.2P
400 pg/kg ivermectin 160.3+£10* 73.8£3.6* 23.7+1.4* 6.34£0.3*
Nano-capsulated ivermectin 37.7+ 4P¢  18.54+1.5P¢  4.8+0.5P¢ 2.140.1b¢
Muscle 200 pg/kg ivermectin 42.142.7°  20.7+1°  5.3+0.3> 2.3+0.1P
400 pg/kg ivermectin 55.443.6%  26.241.2*  6.240.4*  2.9+0.12
Nano-capsulated ivermectin 60.84 6.5P¢  28.942.4° 6.640.7P¢  3.240.2P¢ 30
Kidneys 200 ug/kg ivermectin 67.944.3>  33.5+1.6> 7.3+04"> 3.640.15P
400 pg/kg ivermectin 87.4+5.62 41.3+2* 9.3£0.6* 4.7+ 0.2%

*Values with different small letters in each column of different organs were significantly different at P<0.05.

Discussion

Nanoparticles have been proposed for antiparasitic
therapy delivery to raise medicines’ bioavailability, sus-
tained release, and intracellular penetrability. The
drug immobilization on or into nanoparticles is an ef-
fective method for increasing effectiveness and mini-
mizing negative effects (Gamboa et al., 2016). nano-
capsulated ivermectin is a new type of lipid nanopar-
ticle created by combining various nanocarriers that
appear to be a viable drug delivery mechanism for ef-
fective administration (Jawahar et al., 2018). Nano-
capsulated ivermectin was 35.4 nm with a polydisper-
sity index of 0.578 (Figure 2A). Despite ivermectin-
loading solid lipid nanoparticles having a droplet size
of 270.34 nm, homogenous nanomaterial below 500 nm
can penetrate the skin epithelium (Bickers and Athar,
2006). nano-capsulated ivermectin acted the viability
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of Vero cells (Figure 2B) was 98.38, 98.11, 97.6375,
97.057, and 87.0942 for 0.01, 0.1, 1, 10, 100, and 1000
ug/ml concentrations, respectively.

Biochemically, parasitism-induced hepatic inflam-
mation was detected by increased ALT and AST levels
and hepatocyte apoptosis (Jenkins, 2000) and inter-
fered with kidney function as seen by increased serum
urea and creatinine levels (Nishikimi et al., 1972; NRC,
1977). The dose of 400 ug/kg BW ivermectin is a toxic
excretory product (Arise and Malomo, 2009; Al-Jassim
et al., 2016; Metwally et al., 2018). Since nanoparti-
cles can cross biological barriers (Zoabi et al., 2021),
they protect drugs from enzyme destruction and intra-
cellular delivery and drug accumulation (Negi et al.,
2013) that lower the toxicity, and change pharmacoki-
netic characteristics by increasing circulation time and
improving tissue distribution (Peltier et al., 2006).



The parasitic inflammatory processes stimulate
macrophages and neutrophils with reactive oxygen sub-
stances, such as hydrogen peroxide and oxygen-free
radicals. These oxidative processes were observed in all
infested rabbits as increased levels of the MDA (Bick-
ers and Athar, 2006; Shang et al., 2014; Abu Hafsa
et al., 2021) and decreased antioxidant enzymes (SOD
& GST) (Gurgoze et al., 2003; Radwan et al., 2017).
Ivermectin drug is lipophilic and binds to lipoproteins,
with a particular attraction to fat tissue that serves as a
primary storage site (Baynes et al., 2000; Singh, 2015).
Consequently, ivermectin residues were detected in adi-
pose tissues more than in other edible tissues of treated
small or large ruminants (Dusi et al., 1996; Lifschitz
et al., 2000) and poultry (Mestorino et al., 2017).

Maximum residue limits (MRLs) of ivermectin are
estimated in fat and liver as 100 ng/g and in kidney
and muscle, which fulfill the European requirements
(EMA, 2014). The high affinity of ivermectin for adi-
pose tissue undertakes significant hepatic metabolism,
primarily via hydroxylation mechanisms (Zoabi et al.,
2021), and the majority of ivermectin is eliminated
through feces, and the minority via urine (Al-Jassim
et al., 2016). Its residue in both tested fat and liver
was greater than that in tested kidneys and muscles
(Table 4). It was documented that the systemic dispo-
sition of ivermectin lipid capsule administered by the
subcutaneous route was higher compared to treatment
with a commercial formulation (p<0.05) with an en-
capsulation rate higher than 90% constant (Gamboa
et al., 2016).

Conclusion

Using nano-capsulated ivermectin as an antiparasitic
to treat mange-infested rabbits did not impair kidney
and liver function and had antioxidant activity com-
pared with commercial routes. Moreover, ivermectin
nano-capsulated residues in edible tissues with a short
withdrawal period are considered safe for consumption.
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