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ABSTRACT 

T 
he study's goal is to show comparative effects of selenium and Nano-
selenium in reduction of the negative side effects of cypermethrin in 
male rabbits. Forty rabbits were divided into four groups: normal con-

trol (G1), groups (G2, G3, and G4) that were given cypermethrin (1/100 of 
LD50, equivalent to 24 mg/kg b. wt) three times per week via stomach 
tube.G3 and G4 received oral treatments with selenium and Nano-selenium 
at doses of 0.5 mg/kg b.wt. after two hours of cypermethrin for four weeks. 
The administration of selenium and Nano-selenium (G3&G4) significantly 
reduced liver function enzymes and significantly increased growth, total pro-
tein (TP), albumin, and globulin levels compared to G2 levels, in addition to 
normalizing the lipid profile. Prominent downregulation of NO and pro-
inflammatory cytokines (IL-6 and TNF-α) levels and upregulation of lyso-
zyme were elicited in Nano-selenium (G4) treatment than selenium (G3). 
Selenium and Nano-selenium (G3 and G4) increase testosterone and estro-
gen levels and decrease LH and FSH compared to G2. Nano-selenium ad-
ministration (G4) could restore hormone levels to normal (G1).As opposed 
to Nano- selenium, administration of selenium (G3) showed a lower level of 
cypermethrin residue in the liver, kidney, and muscle. According to those 
findings, Nano-selenium outperformed selenium in its capacity to reduce 
cypermethrin adverse effects. 
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INTRODUCTION 
Cypermethrin, a pyrethroid insecticide, is 

still often used in agriculture and animal hus-
bandry. Despite having a wide margin of safe-
ty, many side effects have been noted in the 
published literature, including hepatorenal tox-
icity, DNA damage, and anaemia (Khan et al. 
2009; Sharaf et al. 2010; Ahmad et al. 2011; 
Mossa et al. 2018). Some pyrethroids or their 
metabolites may affect hormonal balance by 
having endocrine disruptive characteristics. 
Cypermethrin can also alter hormonal concen-
trations through a variety of target sites and 
processes including receptors, synthesis, or 
release of hormones (Sun et al. 2007; 
Wojciechowska et al. 2016). 

Previous research has linked cypermethrin 
exposure to oxidative stress, inflammation, im-
munotoxicity, and apoptosis induction (Afolabi 
et al. 2019; Ambwani et al. 2018). It has also 
been reported to induce immune suppression 
and inhibit neutrophil phagocytic activity in 
rats (El Elaimy et al. 2013). Furthermore, 
chronic exposure to various doses of alpha cy-
permethrine has been shown to alter non-
specific humeral immunity and decrease lyso-
zyme activity in various bird genotypes 
(Yarkov and Sortirov 1995). Furthermore, 
cypermethrin was found to increase inflamma-
tory damage by stimulating the pro-
inflammatory cytokines interleukin 6 (IL-6) 
and tumor necrosis factor-alpha (TNF-α), as 
well as increasing NO levels (Afolabi et al. 
2019). 

 

Selenium is essential for energy control, 
protein anabolism, oxidative stress, and other 
processes in the body to support healthy ani-
mal development and reproduction (Liu et al. 
2020). Recent researchers have found that sele-
nium nanoparticles are safer and have higher 
catalytic efficiency, bioavailability, and ab-
sorbability than conventional selenium sources 
while being less dangerous. Because of their 
larger surface area and smaller particle size, 
nanoparticles outperform traditional particles 
in terms of intestine absorption and tissue dep-
osition (Boostani et al. 2015; Hosnedlova et 
al. 2018). Nano-selenium has the potential to 
be used as a chemopreventive agent with anti-
fungal and antibacterial properties in addition 

to its use as a low toxicity antioxidant. Addi-
tionally, it stops metal intoxication. Further-
more, it was demonstrated that selenium has a 
nanoscale immunostimulatory impact (Eid et 
al. 2019; Nabi et al. 2020). 

The research aimed to investigate the side 
effects of cypermethrin  and ameliorative ef-
fects  of selenium and Nano-selenium on a 
multidisciplinary approach including growth, 
some reproductive hormone levels, liver func-
tion, lipid profile, innate immune mediators, 
and pro-inflammatory cytokines, in addition to 
tissue cypermethrin residue in rabbits. 

 
MATERIALS AND METHODS 

Materials: 

Forty healthy New Zealand white male rab-
bits, weighted (1200 ± 200 g), were procured 
from a farm in Cairo. Cypermethrin (10%), 
Vetarin®, was gifted by Advanced Agrochem-
icals & Veterinary products Industrial 
(Chemvet), Jordan. Oral cypermethrin LD50 is 
2400 mg/kg b. wt in rabbits. Selenium was ob-
tained from Riedel- DE Haen AG Seelze Han-
nover while Nano-selenium (3 - 5 nm size) was 
obtained from Nanotechnology Unit, Animal 
Health Research Institute, Egypt. Cyperme-
thrin standard was purchased from Sigma-
Aldrich. HPLC grade methanol, acetonitrile, 
isoctan, and glacial acetic acid were obtained 
from Fisher Scientific. The Purified deionized 
water was prepared using Milli-Q system. An-
hydrous magnesium sulfate (MgSO4) was pur-
chased from Merck- Germany and anhydrous 
sodium acetate were obtained from BDH 
Chemicals-England, and anhydrous sodium 
sulfate (Na2SO4) was purchased from Elnasr 
Pharmaceutical Chemicals-Egypt. QuEChERS 
clean-up tubes had 50 mg of both primary and 
secondary amine exchange material, 150 mg 
MgSO4, and 50 mg C18 packing material 
(P.N. UCTCUMPSC18CT) were procured 
from Chromatographic Specialties-Canada. 
 
Experimental Design:  

After being observed for a week, rabbits 
were allocated equally into four groups (n = 
10). The first group (G1) was given normal 
saline as a control, while the other groups (G2, 
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G3, and G4) were given 1/100 of LD50 cyper-
methrin (three times per week) by stomach 
tube for 28 days (Anwar et al. 2020). G3 and 
G4 received oral treatments with selenium and 
Nano-selenium at doses of 0.5 mg/kg b.w.t. 
after two hours of cypermethrin, according to 
Szulc-Musiol et al. (2004) and Gouda et al. 
(2021). Rabbits were given unlimited access to 
food and drink (NRC 1977). Throughout the 
study, rabbits were weighed weekly, daily 
weight gain was recorded, and any clinical 
symptoms were noted. At the end of the four-
week experiment, rabbits were sacrificed to 
obtain blood and organs. The experimental 
procedure was carried out at AHRI in conform-
ity with the ARC and IACUC committee 
(ARC, IACUC, 22/32). 
 
Laboratory methods: 

According to Anderson and Cockayne 
(1993), serum aminotransferase (AST& ALT), 
alkaline phosphatase (ALP) enzymes, total 
proteins (TP), albumin, globulin, total choles-
terol, low and high-density lipoprotein choles-
terol (LDLc & HDLc), and triglyceride were 
estimated. Additionally, according to Evans 
(2009), Quantitative determination of serum 
hormones levels using ELISA kit, testosterone 
Catalog No. ABIA Dk 040 013; DBC, Canada; 
estrogen, Estradiol BIOS.10009, lutenizing 

hormone (LH) and follicle-stimulating hor-
mone (FSH) Monobind Lake Forest CA 
92630, USA, with sensitivity 0.2 ng/ml; 5.0 
pg/ml, 0.1 ng/ml and 0.1ng/ml respectively.  
Lysozyme levels were determined using the 
Peeters and Vantrapen (1977) method on 
agarose gel plate lyses, and serum nitric oxide 
levels were determined using the Yang et al. 
(2010) method. 

 
Determination of mRNA IL-6 and TNF-α in 

liver tissue by quantitative real time-PCR (qRT
-PCR) were achieved in Biotechnology Unite, 
Animal Health Research Institute. RNA extrac-
tion and purification from liver samples were 
applied using QIA amp RNeasy Mini kit 
(Qiagen, Germany, GmbH). IL-6 and TNF-α 
oligonucleotide primers (Metabion, Germany) 
were clarified in table 1. The SYBR green qRT
-PCR reaction was achieved in a Stratagene 
MX3005P real-time PCR machine and analysis 
of RT-PCR results were determined by using 
the amplification curves and threshold cycles 
(CT) values (Stratagene MX3005P software). 
To evaluate differences of fold changes in 
mRNA gene expression of the diverse samples, 
the CT of each sample was matched with cy-
permethrin group sample rendering to the 
"2ΔΔCt" method as reported by Yuan et al. 
(2006). 

Table 1. qRT-PCR Primer sequences  

Target gene Primers sequences Reference 

GAPDH* TGACGACATCAAGAAGGTGGTG Schnupf and Sansonetti  (2012) 
  

GAAGGTGGAGGAGTGGGTGTC 

IL-6 CTACCGCTTTCCCCACTTCAG 

TCCTCAGCTCCTTGATGGTCTC 

TNF-α GTCTTCCTCTCTCACGCACC Godornes et al. (2007) 

TGGGCTAGAGGCTTGTCACT 

GAPDH* (Glyceraldehyde 3-phosphate dehydrogenase) served as an internal control for sample normaliza-
tion 



33 

Azza et al.,                                                                        Egyptian Journal of Animal Health 3, 2 (2023), 30-43 

Cypermethrin residue in liver, kidney, and 
muscle was estimated by HPLC system 
(Agilent 1200 series, Software – Agilent 
Chemi-station) (Agilent Technologies, Germa-
ny), with a pump, degasser, autosampler, DAD 
detector, and Agilent C18, 100 A ,4.6 × 250 
mm, 5 μm Chromatographic column as station-
ary phase was used. The chromatographic con-
dition was set according to Supraja et al. 
(2022). Standard Preparation was performed 
by a stock solution in isoctan that used for an 
intermediate solution (100 mg/L preparation. 
Working standards was prepared by using the 
inter-mediate solution in blank, liver, kidneys 
and muscle (normal control group) at a range 
of 10 to 10000 μg/L of cypermethrin. The 
standard curve was a good linearity with (r2 ≥ 
0.999).  

 
Samples extraction was performed by using 

a QuEChERS method for the analysis of pyre-

thrins according to the procedure described by 
Rawn et al. (2010) and validated according to 
USP (2021) via the determination of method 
precision, recovery, linearity, the limit of de-
tection (LOD), and quantification (LOQ). 
HPLC method was accurate with high recovery 
(95- 99%) with a low LOD and LOQ; as LOD 
was 0.17 mg/kg and LOQ was 0.52mg/kg. 
Specificity and selectivity were demonstrated 
(Fig.1) with a retention time of 7.0 minutes for 
cypermethrin. Liver, kidney, and muscle 
known to be free of cypermethrin was run as 
normal control within each set of samples ana-
lyzed. Moreover, each set contained a reagent 
blank consisting of distilled water and rea-
gents; Preparation of quality control samples at 
3 levels was conducted according to USP 
(2021) for cypermethrin. The working stand-
ards and Quality control sample were extracted 
as mentioned below.  

Statistical analysis: 
 

Obtained data was exposed to analysis of 
variance (one-way ANOVA test) by IBM 
SPSS 23 Statistics for Mac OS, Armonk, NY, 
USA. The differences were considered signifi-
cant when p ≤ 0.05. All the data are stated as 
mean ± SD. 
 

RESULTS:  
It has been noted in Table 2 that oral admin-

istration of cypermethrin (G2) decreased final 
weight, weight gain, and average food intake, 
and subsequently feed efficiency ratio, com-
pared to the normal control group (G1). When 
compared to the cypermethrin group (G2), the 
administration of selenium and Nano-selenium 
improved nutritional parameters such as 

Fig (1): Chromatogram of cypermethrin showed retention time 7.0 minutes in tissue sample (2.54 mg/kg of 
hepatic tissue)  
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weight gain, average food intake, and feed effi-
ciency ratio. Administration of Nano- selenium 
(G4) showed better effects in the above-

mentioned parameters than selenium admin-
istration (G3). 

Table 2. Nutritional indicators of experimental rabbit groups 

  G1 G2 G3 G4 

Initial weight(g) 1735±33.11a 1733.22±39.22a 159.01±40.17a 1655.50±38.46a 

Final weight(g) 2545.22±78.11a 1843.33±70.14cd 1908.55±59.11c 2090.44±80.33ab 

Weight gain (g) 810.22±20.77a 110.11±8.22d 312.55±15.20c 434.94±19.18b 

Food intake(g) 280.33±20.42a 178.82±17.71b 175.22±18.11b 187.29±16.15bc 

Feed efficiency ratio 0.1032±0.0331a 0.0219±0.0017d 0.0637±0.0021c 0.0829±0.0220b 

The different alphabetical letters in each raw were significantly (P≤ 0.05) 

Liver enzyme parameters (ALT, AST, and 
ALP) of cypermethrin-intoxicated rabbits (G2) 
were significantly elevated compared to a nor-
mal control group (G1). Administration of se-
lenium and Nano-selenium (G3 & G4) 
significantly decreased these enzymes com-
pared to the levels of G2 and showed a non-
significant difference compared to the normal 

control (G1). Administration of cypermethrin 
significantly decreased total protein (TP), albu-
min plus globulin in G2 compared to G1. Sup-
plementation of selenium and Nano-selenium 
with cypermethrin showed a significant in-
crease in these parameters compared to G2 and 
achieved normal levels as in G1 as illustrated 
in table (3). 

Table 3. Liver function parameters in experimental rabbit groups 

  G1 G2 G3 G4 

ALT (U/L) 58.68  ± 5.50bd 84.31±11.47 a 59.70 ± 4.50bc 60.99 ±6.76b 

AST (U/L) 41.81±4.985 bd 78.31± 7.41 a 43.49± 4.848b 42.09 ±4.76bc 

ALP (IU) 210.74±25.49bd 358.51±45.84a 219.13±22.49bc 222.81±29.66b 

T. Protein (g/dl) 6.33 ±1.32 a 4.27 ± 0.30c 5.78 ±0.66 ab 6.09 ± 0.331ab 

Albumin (g/dl) 3.09 ±0.33a 2.51±  0.12c 2.98 ± 0.34 ab 2.91± 0.28ab 

Globulin (g/dl) 3.15± 0.53a 1.755 ± 0.15c 2.8±0.21 ab 3.17  ±0.40 a 

The different alphabetical letters in each raw were significantly (P≤ 0.05)  
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Following a 28-day cypermethrin treatment, 
the G2 had substantially higher levels of serum 
NO, mRNA of IL-6, and TNF- α (P≤0.05) than 
the other groups. In both groups (G3 & G4), 
supplementation with selenium and Nano-
selenium significantly decreased NO levels to 
reach close to the extent of a normal value, es-
pecially in the G4, in addition to a significantly 
greater decline in the mRNA of IL-6 and TNF-
α levels than the cypermethrin control group 
(G2). Nano-selenium administration showed 
more down-regulation of IL-6 and TNF-α cy-

tokines (G4) than selenium (G3). Serum lyso-
zyme levels significantly declined in G2 com-
pared to other groups. However, supplementa-
tion with selenium and Nano-selenium in both 
groups (G3 & G4) significantly increased lyso-
zyme levels above G2 levels and brought them 
close to normal. Nano-selenium in G4 trig-
gered more upregulation of lysozyme levels 
than selenium in G3, where its values were in-
significantly different from those of the normal 
values, as shown in table (4) and figure (2). 

Table 4. Serum nitric oxide and lysozyme levels in experimental rabbit groups 

  G1 G2 G3 G4 

NO (µmol/ml) 
8.71 ± 0.17 c 33.59 ± 2.08a 21.82 ± 0.44 b 14.68 ± 0.39c 

Lysozyme(µg/ml) 
100.37 ± 4.77 a 40.67 ± 4.95 c 85.0 ± 7.01 b 110.5 ±  5.02 a 

The different alphabetical letters in each raw were significantly (P≤ 0.05) 

Fig. (2): Quantitative real-time PCR for mRNA expression of IL-6 and TNF-ɑ genes in rabbit liver   
2−ΔΔCt method is used to calculate the relative expression fold change. 
Column with an asterisk indicates significantly different than the other column within the same cytokine. 
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Table (5) revealed that oral administration 
of cypermethrin in G2 induced a significant 
rise in serum total cholesterol, TG, and LDL-c 
and a significant decrease in HDL-c compared 
to G1. Moreover, lipid profile parameters were 

enhanced by a decline in total cholesterol, TG, 
and LDL-c and a significant increase in HDL-c 
by selenium and Nano-selenium in G3 and G4 
compared to G2 but without reaching normal 
levels in G1. 

Table 5. Lipid parameters in experimental rabbit groups 

  G1 G2 G3 G4 

T-Cholesterol (mg/dl) 
74.23 ± 6.66c 104.22 ±11.95a 82.10 ±8.52b 83.40 ±7.61b 

TG (mg/dl) 
90.20 ±9.56c 133. 11±13.85a 114.33 ±14.01b 112.30±12.93b 

HDL-c  (mg/dl) 
27. 11± 2.79a 20.7± 3.17d 22.20 ± 2.82bc 21.9 ± 3.56c 

LDL-c  (mg/dl) 
29.08±4.021d 56.90± 5.77a 37.04± 3.60bc 39.04 ±3.29b 

The different alphabetical letters in each raw were significantly (P≤ 0.05) 

The cypermethrin control rabbit group (G2) 
had lower testosterone and estrogen levels and 
higher LH and FSH levels than the normal 
control group (G1). On the other side, admin-
istration of selenium and Nano-selenium 
(G3&G4) could ameliorate these hormones, as 
represented by increased testosterone and es-

trogen levels and decreased levels of LH and 
FSH compared with G2. Nano-selenium ad-
ministration (G4) could maintain the same lev-
els as normal control (G1), as illustrated in ta-
ble 6. 

Table 6. Reproductive hormones in experimental rabbit groups  

 G1 G2 G3 G4 

Testosterone(ng/ml) 1.73±0.07c  0.819 ±0.01d 2.27±0.14b 4.84±0.91a 

Estrogen (Pg/ml( 57.59±2.78a 38.41±3.01d 49.89±3.436bc 54.62 ±3.30ab 

LH(ng/ml) 1.559±0.09cd 3.18 ±0.04a 2.178±0.04b 1.77 ±0.04c 

FSH(ng/ml) 7.281±1.06cd 15.62±3.12a 10.65±2.08b 8.22±1.06c 

The different alphabetical letters in each raw were significantly (P≤ 0.05) 
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According to the data in Table 7, the mus-
cles of the experimental rabbit groups were the 
ideal location for cypermethrin residue accu-
mulation. Group 2 had the highest cyperme-
thrin residue levels in the liver, kidney, and 
muscle, while administration of selenium (G3) 
and Nano-Selenium (G4) both reduced cyper-

methrin residues. Administration of selenium 
(G3) showed lower levels of cypermethrin resi-
due in the examined organs and muscles com-
pared to the values of G4. 

Table 7. Liver, kidney, and muscle cypermethrin residues in experimental rabbit groups  

  G2 G3 G4 

Liver (µg/g) 
2.54 ±0.16a 1.30±0.13c 1.78±0.18b 

Kidney (µg/g) 
4.80±0.27a 1.35±0.10c 1.82±0.24b 

Muscle (µg/g) 
4.82±0.26a 1.58±0.16c 2.00±0.23b 

The different alphabetical letters in each raw were significantly (P≤ 0.05) 

DISCUSSION:  

The body weight fall of the cypermethrin-
treated group might be attributed to pesticide 
effects on the gastrointestinal tract manifested 
by appetite reduction and nutrient absorption 
from the stomach (Sangha et al. 2013; Mahdi 
et al. 2016). No signs of cypermethrin toxicity 
(salivation, increased startle response, splayed 
gait, ataxia, and tremors or convulsions as 
signs of central nervous system toxicity) were 
observed during the whole period of our ex-
periment, such symptoms were observed upon 
administration of lethal dose levels or pro-
longed repeated doses of more than 3 months 
(EMEA 2001). Cypermethrin has cholinergic 
effects (lower feed intake and induced diar-
rhoea), oxidative stress, and an increase in li-
pid and protein breakdown. The reduced appe-
tite and growth rate are resulting from altera-
tion in the mucosal layer and epithelial cells of 
the digestive system (Adjrah et al. 2013, El-
Sheshtawy et al. 2019). Selenium administra-
tion improved nutritional parameters of cyper-
methrin-induced toxicity in rabbits because of 
the antioxidant effects that prohibited the free 
radicals and pathogens damaging influence, 
protected the intestinal mucosa, and enhanced 
the absorptive capacity by diminishing the 
movement of the intestine (Marounek et al. 
2009). Because of their tiny particle size plus 

vast surface area, greater mucosal permeabil-
ity, better intestinal absorption, and up-
regulated activity of seleno-enzymes com-
pared to selenite, nanoparticles were able to 
accomplish their performance benefits. El-
Kazaz et al. (2020) concurred with Mohamed 
et al. (2016) and Emara et al. (2019) regard-
ing the influence of Nano-selenium findings. 

Because the liver is in charge of pesticide 
metabolism, Cypermethrin causes oxidative 
stress, resulting in hepatocyte inflammation 
and damage, disruption of the outflow of ex-
amined enzymes (ALT, AST, and ALP) from 
hepatocytes to the blood circulation, as well as 
a reduction in total protein, albumin, and glob-
ulin levels, all of which may indicate liver 
damage (Ahmad et al. 2011; Kanbur et al. 
2015; El-Sheshtawy et al. 2019). Pyrethroids 
block the formation of adenine triphosphate by 
inhibiting of cell's mitochondrial complex and 
oxygen consumption. The malfunction of the 
Na+/K+ pumps results in the transfer of water 
and sodium into cell cytosol and disturbs pro-
tein synthesis, which leads to hypopro-
teinemia. Also, pyrethroids may degrade pro-
teins as an effect of oxidative stress (Gassner 
et al. 1997; Khan et al. 2009). Pesticide tox-
icity has a negative effect on the process of 
globulin synthesis by disrupting the endoplas-
mic reticulum in plasma cells. It has been pro-
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posed that the endoplasmic reticulum stores 
calcium via the Ca2+ pump before releasing it 
via cyclic adenosine diphosphate ribose or ino-
sitol 1, 4, 5-trisphosphate (He et al. 2006). The 
primary contribution of selenium and Nano-
selenium is the development of antioxidant de-
fense systems against oxidative stress and 
DNA damage, as well as apoptosis. Because 
Nano-selenium can reduce cypermethrin-
induced oxidative stress by reducing free radi-
cal production, it can preserve the integrity of 
hepatocytes or promote the regeneration of in-
jured hepatocytes. Liver enzymes, total pro-
tein, albumin, and globulin levels all returned 
to normal after selenium and Nano-selenium 
were given together with cypermethrin. Nano-
selenium was extra effective than sodium sele-
nite in enhancing liver antioxidant action in 
rabbits (Zhu et al. 2010; Zachara 2015; Qin et 
al. 2016; Rashid et al. 2023). 

 
NO, a pro-inflammatory cytotoxic media-

tor, regulates a variety of immunological and 
physiological processes (Brennan et al. 2002). 
The increased NO level in G2 was consistent 
with the results of Wang et al. (2009) who 
mentioned that administration of either moder-
ate or high doses of cypermethrin induced an 
increase in the NO level of male mice testes. 
Excessive quantities of NO induced by cyper-
methrin can be detrimental as it has the poten-
tial to generate harmful reactive nitrogen spe-
cies that cause cellular oxidative stress 
(Brennan et al. 2002; Ambwani et al. 2018). 

 
Pro-inflammatory cytokines (IL-6 and TNF

- α) are effective in regulating immune re-
sponse, inflammation, and endothelial func-
tion. The increased production of these cyto-
kines in G 2 was agreed with Afolabi et al. 
(2019), who found that, the oral administration 
of a sub-lethal dose of cypermethrin increased 
the expression of the examined cytokines in 
rats, demonstrating cypermethrin ability to ini-
tiate an inflammatory response. This result 
may be attributed to the increased NO produc-
tion that in turn triggers the redox-sensitive 
transcription factors, such as NF-κB which is 
responsible for the activation of TNF-α, IL-6, 
and iNOS genes (Forrester et al. 2018), which 

may explain the induced higher mRNA of IL-6 
and TNF-α as well as the serum NO in G2. The 
decreased lysozyme level in G2 may be at-
tributed to the immuno-toxic effect of cyper-
methrin on the viability of immune cells in-
cluding macrophages and neutrophils (Huang 
et al. 2016).  

 
However, the treatment with selenium and 

its nano form can ameliorate the adverse im-
munotoxic and inflammatory effects of cyper-
methrin as found in G3 and G4. The downreg-
ulation of NO, IL-6, and TNF-α in these 
groups was agreed upon by Rupil et al. (2012) 
and Abdou and Sayed (2019). Selenium may 
have an anti-inflammatory impact via down-
regulating the p38 mitogen-activated protein 
kinase and NF- Κb signaling pathways, which 
in turn suppress the expression of the examined 
cytokine genes and reduce the inflammatory 
response (Morris et al. 2003; Kim et al. 2004). 

 
Moreover, the upregulation of lysozyme by 

selenium compounds (G3 and G4) was con-
sistent with Sheiha et al. (2020), who found 
that Nano-selenium supplementation signifi-
cantly amplified serum lysozyme activity and 
increased the innate immunity of heat-stressed 
rabbits. This enhanced lysozyme level may 
arise because of the activating effect of seleni-
um on the immune cells and its lysozyme pro-
duction. Selenium is found in the structure of a 
number of selenoenzymes, has antioxidant and 
immunomodulatory characteristics, and can 
shield proteins, DNA, and chromosomes from 
oxidative effects of free radicals (Li et al. 
2011). 

 
Interestingly, the greater absorption and 

bioavailability of Nano-selenium may account 
for the greater immunological and inflammato-
ry regulatory effects (Saffari et al. 2018) as 
shown in Nano-selenium G4 compared to 
selenium (G3). 

 
Results of the current investigation of hy-

percholesterolemia in cypermethrin-administ-
ered groups were consistent with those of 
Yousef et al. (2003), Dahamna et al. (2009), 
and Boumezrag et al. (2021), indicating an 
inhibitory impact of cypermethrin on the he-
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patic CP450 enzymes and alteration of hepatic 
cell membrane permeability, in addition to cy-
permethrin accumulation in the liver, which 
disrupts lipid metabolism and increases choles-
terol level. 

 
Pyrethroids have the potential to damage 

the mitochondrial membranes of Leydig cells, 
which would interfere with testosterone bio-
synthesis by decreasing cholesterol delivered 
to the mitochondria and slowing down the con-
version rate of cholesterol to pregnenolone in 
cells. This would then result in a decrease in 
testosterone production. Pyrethroids are also 
capable of interfering with estrogen signaling, 
affecting male reproductive organs, and alter-
ing the quality of semen (Kilian et al. 2007; 
Sharma et al. 2018). Furthermore, Cyperme-
thrin had a toxic effect on the rabbit reproduc-
tive system, as evidenced by changes in endo-
crine hormones as a result of direct impact on 
testes androgen biosynthesis pathways, or gon-
adotropin levels changes as a result of Leydig 
cell damage or direct influence on 3ß-
hydroxysteroid dehydrogenase (3ß-HSD) en-
zyme gene expression that converts pregne-
nolone to progesterone. Reduced activities of 
the steroidogenic enzymes 3- and 17-
hydroxysteroid dehydrogenases alter the pro-
duction of testosterone. The decline of testos-
terone is followed by rises in LH and FSH lev-
els after cypermethrin administration (Jin et al. 
2011; Hu et al. 2013; Ikpeme et al. 2016). 

 
As is well-known, the withdrawal period is 

the amount of time that must pass between the 
last administration of veterinary medicine and 
the slaughter or production of food from that 
animal to ensure that the food does not contain 
levels of the medication that exceed the maxi-
mum residue limit. In the case of the current 
study, the repeated oral administration of cy-
permethrin dramatically increased the levels of 
liver, kidney, and muscles because of its lipo-
philic nature and rapid absorption after oral 
administration (EMEA 2001). Our findings 
contradict those of Nekovi et al. (2013), who 
claimed that cypermethrin did not accumulate 
in organs and tissues after administrated to 
hens for 28 days at nominal doses of 150, 300, 
and 600 ppm. The discrepancies in species, 

doses, delivery intervals, and chemical makeup 
of the utilized cypermethrin may be to blame 
for the discrepancy between the results. It was 
demonstrated that using selenium and Nano-
selenium (G3 & G4) had a favorable impact on 
cypermethrin residues, with selenium having a 
preference over Nano-selenium giving indica-
tion the usage of such medications may shorten 
the withdrawal period and accelerate the fall of 
residue concentration below the maximum res-
idue limit (MRL) of cypermethrin. The most 
notable decrease in cypermethrin residue in the 
liver, kidney, and muscles in G3&G4 follow-
ing selenium treatment is linked to efficient 
detoxification processes, such as rapid cyper-
methrin metabolism and elimination (Imura 
and Naganuma 1991; EMEA 2001; Fang et 
al. 2022). 
 
CONCLUSION: 

T 
he present study demonstrated that cy-
permethrin-induced toxic effects mainly 
alter reproductive hormones, biochemi-

cal indices, lipid patterns, innate immune me-
diators, and pro-inflammatory cytokines. Ad-
ministration of Nano-selenium showed a better 
effect than selenium in ameliorating growth, 
biochemical, immunological, and inflammato-
ry parameters. On the other side, selenium had 
the ability to lower cypermethrin residue in the 
liver, kidney, and muscle more than Nano-
selenium. Thus, we advise administering Nano
-selenium to breed rabbits exposed to cyperme-
thrin toxicity, whereas selenium is much better 
to provide to fatten rabbits exposed to cyper-
methrin toxicity. More researches are neces-
sary to ascertain the precise selenium mecha-
nism action and to identify cypermethrin with-
drawal period when selenium and Nano-
selenium are supplied in such circumstances. 
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