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Abstract
Jojoba (Simmondsia chinensis) is an economically important plant due to its high oil content in the seeds. Fipronil is an
extensively used phenylpyrazole insecticide. The present investigation aimed to assess the possible ameliorative effect of jojoba
oil on fipronil induced toxicity in rats. Animals orally received the insecticide dissolved in corn oil by stomach tube at 1/10th
LD50 for 28 days. Fipronil induced hepatorenal toxic effects evidenced by elevated serum ALT, AST, ALP, and LDH activities,
and urea and creatinine levels, with histomorphological changes in the liver and kidney. Brain GABA was elevated with
histopathological alterations in the brain tissue. Oxidative stress was demonstrated in liver, brain, and kidney as indicated by
elevated MDA and NO levels with reduction in GSH level and activities of SOD and CAT. In addition, caspase-3 gene
expression was enhanced, while Bcl2 gene expression was downregulated in the three organs. Increased DNA fragmentation
was recorded in the liver and kidney. Cotreatment of jojoba oil with fipronil ameliorated the toxic effects of fipronil on various
organs with improvement of the antioxidant status, the rate of apoptosis and the histopathological alterations. In conclusion,
jojoba oil provided significant protection against fipronil induced hepatorenal- and neuro-toxicity, by its antioxidant and
antiapoptic effects, making it a possible beneficial protective of natural origin.
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Introduction

Fiproni l i s a phenylpyrazole insect ic ide wi th a
trifluoromethylsulfinyl moiety (Gupta and Anadon 2018). It

has a broad-spectrum activity against many insects, and
a greater efficacy compared to classical insecticides such
as pyrethroids, organophosphates and carbamates
(Narahashi et al. 2007). Thus, it is widely used in ag-
riculture for seed coating and soil treatment, veterinary
medicine specially on dogs and cats, and in public hy-
giene management to control many insects (Gupta and
Anadon 2018).

Fipronil, or its metabolites, exert neurotoxic effects
through suppression of the inhibitory effect of gamma
aminobutyric acid (GABA) by targeting GABAA-regulat-
ed chloride channels. This inhibits chloride influx into
nerve cells leading to hyperexcitation, paralysis, and death
(Wang et al. 2016). It has a higher specificity for the
GABAA receptor (β3 subunit) present in insects than
GABAA receptors of mammals, thereby contributing to
f iproni l’s 500-fold selec t ive toxici ty to insects
(Narahashi et al. 2010). Fipronil is rapidly metabolized
with persistence of significant amounts of metabolites in
the tissues, especially adipose tissue and brain, for about 1
week after administration (Woodward 2012).
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Fipronil is moderately toxic to mammals, with oral LD50

values in rats and mice of 97 and 95 mg/kg body, respectively
(EPA 1996). The public health concerns about fipronil have
increased after reports documenting thyroid cancer in rats
(Hurley et al. 1998). It has been reported that fipronil exerts
toxic effects on vital organs like liver, kidney, and brain by
suppressing mitochondrial respiratory chain and calcium ho-
meostasis, oxidative and nitrosative stress, in addition to dam-
age to nucleic acids and proteins (Gupta and Anadon 2018).

Oxidative stress results from shortage in the defense of-
fered by antioxidants or increased generation of reactive oxy-
gen species (ROS) and reactive nitrogen species (RNS)
(Laskin et al. 2009; Lenaz and Strocchi 2009). The enzymatic
and nonenzymatic antioxidants protect the cells from the dam-
age caused by free radicals. GSH substrate and the antioxidant
enzymes serve as redox biomarkers, because they are the first
to indicate the antioxidant state through oxidation/reduction
processes (Lenaz and Strocchi 2009).

Previous experiments have demonstrated that increased ROS
generation plays a major role in fipronil-induced toxicity in ani-
mals (Badgujar et al. 2015; Mossa et al. 2015; Swelam et al.
2017; Kartheek and David 2018; Khalaf et al. 2019). Oxidative
stress affects various biological processes and cell signaling path-
ways. Thus, significant changes in apoptosis, the cell cycle, and
stimulation or inhibition of signal transduction is expected to
cause toxicological injury (Jin et al. 2014; Chtourou et al. 2015).

Apoptosis is a form of physiological cell death character-
ized by cell shrinkage, blebbing of membranes, apoptotic bod-
ies formation, and nuclear DNA fragmentation into
oligonucleosomal subunits (Ray and Corcoran 2009; Wang
et al. 2013). It is triggered through two major pathways; the
extrinsic (death receptor dependent) and intrinsic
(mitochondrial-dependent) pathways. In the intrinsic path-
way, as a response to endogenous and exogenous factors,
the mitochondrial outer membrane becomes permeable,
followed by the release of cytochrome c and the activation
of caspases, leading to cell death (Ray and Corcoran 2009).

Natural plant oils are now used in medicine worldwide.
They are usually easily accessible, effective, and have low
price. Many oils have ingredients with antioxidant and anti-
inflammatory properties making them suitable for internal and
topical therapeutic uses. Jojoba (Simmondsia chinensis) is a
p r omi s i ng o i l s e ed p l an t be l ong ing to f ami ly
Simmondsiaceae. It is a woody evergreen perennial shrub,
reaching about 3 m in height. It grows in desert and semi-
desert areas native to south-western USA and north-western
Mexico (Phillips and Comus 2000).

As Jojoba has the advantage of being capable of growth on
arid or semi-arid soils with warm and dry environment that
lack adequate water content, its cultivation has been
established in many countries worldwide including Egypt,
Tunisia, Saudi Arabia, India, Mexico, Chile, Argentina, and
Australia (Abdel-Mageed et al. 2014).

Jojoba oil (liquid wax esters) constitutes approximately
50% of the seed by weight (Miwa 1971). This oil has special
composition when compared with other classic oils, as it is
composed of long monounsaturated esters while other oils are
mainly formed of triglycerides. This gives jojoba oil unique
characteristics and properties which are important for chemi-
cal industry and production of pharmacological preparations
(Sánchez et al. 2016).

Jojoba is expected to protect from oxidative damage in-
duced by free radicals, due to its content of lipoxygenase
inhibitors (Abdel-Mageed et al. 2014). These are capable of
inhibiting leukotriene synthesis and subsequent ROS produc-
tion (Haeggström and Funk 2011). Furthermore, the antioxi-
dant property of jojoba oil based on nitric oxide and DPPH
scavenging assays has been demonstrated (Manoharan et al.
2016). Besides, Badr et al. (2017) have shown that jojoba oil is
rich in total phenolic and flavonoid contents which give jojoba
oil good antioxidant capacities compared with ascorbic acid.

Based on these mechanistic insights, we hypothesized that
jojoba oil will represent a potential therapeutic option for pro-
tection against fipronil-induced toxic effects. Therefore, the cur-
rent investigation endeavored to evaluate the protective effect
of jojoba oil against oxidative effect of fipronil induced hepa-
totoxicity, nephrotoxicity, neurotoxicity, and apoptosis in rats.

Materials and methods

All methods and experiment were carried out in accordance
with relevant guidelines and regulations.

Chemicals

Fipronil was obtained as a commercial formulation (Coach
20%SC) from Shoura Chemicals Co., Egypt. Jojoba oil was
purchased from Pure Life Co., Egypt. The test kits used for
biochemical analysis were purchased from Biodiagnostic and
Spectrum Co., Egypt. All other chemicals used were of ana-
lytical grade.

Animals

Sixty male Sprague Dawley rats, weighing between 170 and
180 g, were supplied with standard diet and water ad libitum
and housed for 2 weeks to be acclimatized before starting the
experimental study under standardized conditions (12 h light/
dark period, temperature 23 ± 2 °C, and humidity 50%). The
experiment was performed in strict accordance with the rec-
ommendations in Guide for Care and Use of Laboratory
Animals and were approved by the Institutional Animal
Care and Use Committee (IACUC) (Approval number:
VUSC-011-2-19), Faculty of Veterinary Medicine,
University of Sadat City, Egypt.
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Experimental design

Animals were randomly allocated into 4 groups (15
rats/group). Animals in all groups were treated for consecutive
28 days as following: The 1st group served as a control, and
received corn oil once daily by gavage. The 2nd group was
given fipronil dissolved in corn oil daily by gavage (Fipronil
group), at dose level of 9.7 mg/kg, equivalent to 1/10th LD50

(EPA 1996). The 3rd group fed on a basic diet mixed with
2.5% jojoba oil (Jojoba oil group) (Nassar et al. 2017). The 4th
group received both fipronil and jojoba oil (Fipronil + Jojoba
oil group) at the doses indicated for the 2nd and 3rd groups,
respectively. Fipronil was given every morning, 2 h before
supplying the animals with their daily feed.

At the end of experimental period (on day 29), blood sam-
ples were collected from the retro-orbital venous plexus, left to
clot, and then centrifuged at 3500 rpm at 4 °C for 15 min, and
the obtained sera were stored at – 20 °C for biochemical as-
sessment of liver and kidney function markers. Under diethyl
ether anesthesia, animals from all groups were euthanized by
cervical dislocation and liver, kidney, and brain were instantly
resected and washed in cold saline. Animal whole organs were
store at – 80 °C to be used for oxidant/antioxidant, GABA,
and DNA fragmentation studies. Other set of organs from
animals in different groups was divided into two parts;
the first part was stored at – 80 °C and used for the
gene expression study, while the other part was fixed in
10% neutral buffered formalin solution for the histo-
pathological examination.

Liver and kidney functions

For estimation of liver function, assay kits from
Biodiagnostic, Egypt, were used for measuring serum alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
and alkaline phosphatase (ALP) (Cat. No: AL1031(45),
AS1061(45), and AP1020, respectively), while lactate dehy-
drogenase (LDH) was estimated using the assay kit of
Spectrum, Egypt (Cat. No. 279002), following the manufac-
turer’s instructions. Kidney function was assessed by measur-
ing serum urea and creatinine using test kits from
Biodiagnostic, Egypt (Cat. No. UR2010 and Cr1251, respec-
tively), according to the manufacturer’s protocols.

Assessment of gamma aminobutyric acid in brain
tissue

Brain lysates in 75% aqueous HPLC grade methanol (10%
w/v) was used for gamma aminobutyric acid (GABA) mea-
surement (Arafa et al. 2010). The homogenate was spun at
4000 rpm for 10 min and the supernatant was dried using
vacuum (70 Millipore) at room temperature and used for
GABA es t ima t ion by h igh -pe r fo rmance l i qu id

chromatography (HPLC) using the precolumn PITC derivati-
zation technique, according to the method of Heinrikson and
Meredith (1984).

Oxidant/antioxidant biomarkers

The oxidant/antioxidant biomarkers were investigated in liver,
kidney, and brain of treated and control animals. Assay kits
from Biodiagnostic, Egypt, were used to estimate
malondialdehyde, MDA (Cat. No. MD2529); nitric oxide,
NO (Cat. No. NO2533); reduced glutathione, GSH (Cat. No.
GR2511); superoxide dismutase, SOD (Cat. No. SD2521);
and catalase, CAT (Cat. No. CA2517) as indicated by the
manufacturers.

Assessment of hepatorenal apoptosis by DNA
fragmentation

DNA fragmentation was determined according to the method
described by Perandones et al. (1993). Briefly, 10–20mgwere
ground in 400-μl hypotonic lysis buffer, centrifuged at
3000×g for 15 min at 4 °C. The supernatant was divided into
2 parts; one used for the gel electrophoresis and the other was
used with the pellet for quantification of fragmented DNA by
the diphenylamine at 578 nm. DNA fragmentation percentage
in each sample was expressed by the formula:

%DNA fragmentation = (O.D Supernatant/O.D
Supernatant + O.D Pellet) × 100

Quantitative real-time polymerase chain reaction of
caspase-3 and B cell lymphoma 2 genes

Total RNA in liver, kidney, and brain samples was extracted
using QIAmp RNA mini kit (QIAGEN, Hilden, Germany) as
indicated by the manufacturer. Total RNA purity and concen-
tration were obtained using a nanodrop ND-1000 spectropho-
tometer. The isolated RNA was used for cDNA synthesis
using reverse transcriptase (Fermentas, EU). Real-time PCR
(qPCR) was performed in a total volume of 20 μl using a
mixture of 1 μl cDNA, 0.5 mM of each primer (Table 1), iQ
SYBR Green Premix (Bio-Rad 170-880, USA). PCR ampli-
fication and analysis were achieved using Bio–Rad iCycler
thermal cycler and the MyiQ realtime PCR detection system.
Each assay includes triplicate samples for each tested cDNAs
and no-template negative control; the expression relative to
control is calculated using the equation 2-ΔΔCT (Livak and
Schmittgen 2001).

Histopathology

The liver, kidney, and brain samples fixed in neutral buffered
formalin 10% solution were trimmed, washed, dehydrated in
ascending grades of ethyl alcohol, cleared in methyl benzoate,
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and processed through the conventional paraffin embedding
technique. Paraffin blocks were prepared, from which 3–
5-μm thick sections were obtained using a manual Leica ro-
tary microtome (LEICA RM 2135), then routinely stained by
hematoxylin and eosin (H&E) stain according to Bancroft and
Gamble (2008). Stained slides were microscopically analyzed
using light microscopy. Histopathological photos were
photographed using a digital Leica photomicroscope
(LEICA DMLB Germany).

Semiquantitative histopathological evaluation of
hepatic, renal, and brain tissues

The histopathological lesions in the examined tissues were
evaluated in three rats from each group and five randomly
selected sect ions were examined from each rat .
Semiquantitative evaluation was performed in examined
fields (n = 15) according to the percentage, degree, and extent
of tissue damage and were scored according to Michael
(2008) as follows: (−): normal appearance (absence of path-
ological lesion 0%), (+): mild (< 25% of sections),
(++): moderate (25–50% of sections), (+++): severe
(51–75% of sections), and (++++): very severe (> 75%
of sections).

Statistical analysis

The obtained data are given as means ± S.E of the mean.
Comparisons between different groups were carried out by

one-way analysis of variance (ANOVA) followed by
Duncan’s multiple range test for post hoc analysis using
SPSS software, version 17 (IBM, USA). The level of signifi-
cance was set at p ≤ 0.05.

Results

Liver and kidney functions

The serum biochemical markers are shown in Table 2.
Fipronil treatment for 28 days caused significant (p ≤ 0.05)
elevation of serum ALT, AST, ALP, and LDH activities, and
levels of urea and creatinine, compared to control values.
Cotreatment of jojoba oil with fipronil significantly (p
≤ 0.05) ameliorated the hepato- and nephro-toxicity of
fipronil, although the values of all parameters except
creatinine were still significantly (p ≤ 0.05) higher than
control values (Table 2).

Brain GABA finding

The concentration of GABA (nmol/ml) significantly (p ≤
0.05) increased (7.5 ± 0.7) in fipronil group compared to con-
trol, while fipronil-jojoba group showed significant (p ≤ 0.05)
improvement (4.5 ± 0.2), in comparison to the fipronil group.
However, the values are still significantly (p ≤ 0.05) higher
than control values (Table 3).

Table 1 Primer sequences of
reference, Casp-3, and Bcl2 genes
of Rattus norvegicus

Target genes Accession no. Sequence (5′ to 3′) Product size

GAPDH (reference gene) NM_017008.4 F: 5′-GAGACAGCCGCATCTTCTTG-3′

R: 5′-TGACTGTGCCGTTGAACTTG-3′

224 bp

Casp-3 NM_012922.2 F: 5′-CATGCACATCCTCACTCGTG-3′

R: 5′-CCCACTCCCAGTCATTCCTT-3′

158 bp

Bcl2 NM_016993.1 F: 5′-GAGGATTGTGGCCTTCTTTG-3′

R: 5′-CGTTATCCTGGATCCAGGTG-3′

143 bp

Table 2 Blood biochemical
markers of liver and kidney
functions in different groups

Parameter Control Fipronil Jojoba oil Fipronil + Jojoba oil

ALT (U/L) 32.2 ± 0.86d 75.6 ± 1.21a 36.2 ± 1.07c 40.8 ± 0.97b

AST (U/L) 53.6 ± 1.36c 127.4 ± 1.81a 58.6 ± 1.96b 60.2 ± 1.39b

ALP (U/L) 74.8 ± 2.73c 177.8 ± 2.65a 79.2 ± 1.50c 89.8 ± 2.85b

LDH (U/L) 310.6 ± 5.58c 484.4 ± 7.93a 316 ± 5.91c 348.2 ± 5.22b

Urea (mg/dl) 33.2 ± 1.50c 76.2 ± 1.59a 34.4 ± 1.86c 41.2 ± 1.77b

Creatinine (mg/dl) 0.48 ± 0.01b 3.10 ± 0.15a 0.47 ± 0.02b 0.63 ± 0.02b

Values are means ± SE, n = 5. Means in the same row with different superscripts (a, b, c, and d) are statistically
significant (p ≤ 0.05). ALT alanine aminotransferase, AST aspartate aminotransferase, ALP alkaline phosphatase,
LDH lactate dehydrogenase
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Oxidant/antioxidant biomarkers findings

Subacute intoxication with fipronil was associated with sig-
nificant (p ≤ 0.05) elevations in MDA and NO levels in liver,
kidney, and brain, compared to control (Table 4). In addition,
the concentration of GSH and activities of SOD and CAT
were significantly (p ≤ 0.05) reduced in these organs, com-
pared to control. In fipronil-jojoba group, significant (p ≤
0.05) recovery of all oxidant/ antioxidant biomarkers was no-
ticed, although the values of most parameters showed signif-
icant (p ≤ 0.05) difference from control values (Table 4).

DNA fragmentation assay finding

As displayed in Fig. 1, fipronil significantly (p ≤ 0.05) enhanced
theDNA fragmentation (61.7 ± 1.5, 55 ± 1.7) in liver and kidney,
respectively. Interestingly, combined administration of fipronil
with jojoba oil restored the normal control values.

Caspase-3 and Bcl2 gene expression finding

The relative expression of caspase-3 gene was significantly
upregulated (p ≤ 0.05) 373-, 338-, and 93-fold in liver, kidney,
and brain, respectively, in fipronil group compared to the con-
trol and other treated groups. However, cotreatment of fipronil

and jojoba oil significantly (p ≤ 0.05) downregulated the gene
expression, in comparison to the fipronil group (Fig. 2).

The expression of B cell lymphoma 2 (Bcl2) gene was
significantly (p ≤ 0.05) upregulated 44-, 2.5-, and 13-fold in
liver, kidneys, and brain, respectively, in fipronil + jojopa
group, compared to the fipronil group (Fig. 3).

Histopathological findings

Liver

Liver sections of control rats showed normal histologic archi-
tecture of central vein and hepatic cords (Fig. 4a). Fipronil
group showed congestion with inflammatory cells infiltration
of central vein, ballooning degeneration of hepatocytes, and
area of coagulative necrosis infiltrated by inflammatory cells
(Fig. 4b). Animals treated with jojoba oil showed normal his-
tologic architecture of liver tissue as control group (Fig. 4c).
The liver of fipronil-jojoba oil group revealed normal central
vein and hepatic cords, while some hepatic cells suffered from
hydropic degeneration and mild inflammatory cells infiltra-
tion in hepatic sinusoids (Fig. 4d). Marked amelioration of
the lesions in the fipronil-jojoba group was noticed on the
semiquantitative analysis (Table 5).

Kidney

Kidneys of control (Fig. 5a) and jojoba oil (Fig. 5c) groups
showed normal histologic architecture of glomeruli and renal
tubules. Kidney of fipronil-treated group showed shrinkage of
glomerular tuft with increased Bowman’s space, congestion
of glomeruli and interstitial tissue, necrosis of glomerular cells
and renal tubular epithelium with pyknotic nuclei, cloudy
swelling of renal tubular epithelium with occlusion of their

Table 3 Brain GABA level (nmol/ml) in control and treated groups

Control Fipronil Jojoba oil Fipronil + Jojoba oil

2.8 ± 0.2a 7.5 ± 0.7c 3.2 ± 0.2a 4.5 ± 0.2b

Values are means ± SE, n = 5. Means in the same row with different
superscripts (a, b, and c) are statistically significant (p ≤ 0.05)

Table 4 Oxidant/antioxidant
biomarkers in liver, kidney, and
brain of rats from different groups

Parameter Organ Control Fipronil Jojoba oil Fipronil + Jojoba oil

MDA (nmol/g) Liver 28.0 ± 1.38c 52.8 ± 1.98a 29.2 ± 1.50c 34.8 ± 1.56b

Kidney 38.2 ± 1.16b 60.6 ± 1.86a 39.2 ± 1.66b 42.8 ± 1.46b

Brain 26.6 ± 2.01bc 41.0 ± 2.12a 23.0 ± 1.92c 30.4 ± 2.14b

NO (μmol/g) Liver 60.2 ± 1.93c 117.8 ± 2.40a 60 ± 2.8c 70.2 ± 1.39b

Kidney 102.8±1.80c 158.4 ± 2.95a 100.4 ± 1.72c 112.6 ± 2.79b

Brain 98.8 ± 2.37b 153.2 ± 2.82a 97.2 ± 1.77b 104.6 ± 2.50b

GSH (mg/g) Liver 68.8 ± 1.20a 24.8 ± 1.39c 72.2 ± 1.71a 52.2 ± 1.59b

Kidney 56.2 ± 2.80a 24.0 ± 2.02c 59.8 ± 2.59a 44.8 ± 2.24b

Brain 50.6 ± 1.44a 21.8 ± 1.28c 51.6 ± 0.92a 41.4 ± 1.21b

SOD (U/g) Liver 21.0 ± 1.41a 8.8 ± 1.28c 20.4 ± 1.33a 16.4 ± 1.07b

Kidney 18.2 ± 1.06b 10.2 ± 0.66c 22.0 ± 1.70a 14.6 ± 1.36b

Brain 22.0 ± 1.58a 12.2 ± 1.49b 23.2 ± 1.16a 15.2 ± 0.86b

CAT (U/g) Liver 3.3 ± 0.11a 1.4 ± 0.12c 3.2 ± 0.07a 2.4 ± 0.19b

Kidney 3.1 ± 0.12a 1.5 ± 0.07c 3.0 ± 0.11a 2.4 ± 0.12b

Brain 2.7 ± 0.15a 1.1 ± 0.09c 2.5 ± 0.12ab 2.3 ± 0.14b

Values are means ± SE, n = 5. Means in the same row with different superscripts (a, b, and c) are statistically
significant (p ≤ 0.05). Malondialdehyde 612 “MDA”, Nitric oxide “NO”, Glutathione “GSH”, Superoxide dis-
mutase “SOD”, 613 Catalase “CAT”
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lumen, periglomerular edema, and in the interstitial tissue with
inflammatory cells infiltration (Fig. 5b). The group that re-
ceived both fipronil and jojoba oil revealed nearly normal
glomeruli and renal tubules except for the presence of conges-
tion of glomeruli and interstitial tissue and cloudy swelling of
renal epithelium of scattered tubules (Fig. 5b). The semiquan-
titative analysis of renal lesions revealed marked amelioration
of lesions in the fipronil-jojoba group (as displayed in
Table 5).

Brain

Control group (Fig. 6a) and jojoba oil group (Fig. 6c) revealed
normal histologic architecture of cerebrum. Fipronil group
(Fig. 6b) showed vacuolation (spongiosis) of neuropil of fron-
tal cerebrum, neuronal degeneration, peri-neuronal edema,
satellitosis, and proliferation of microglia cells around dead
neurons (beginning of neuronophagia). Administration of jo-
joba oil ameliorated the damage induced by fipronil and brain
only revealed mild demyelination, peri-neuronal edema,
neuronophagia, and peri-vascular cuffing (Fig. 6d). The

semiquantitative analysis of brain lesions revealed marked
amelioration of lesions in the fipronil-jojoba group (Table 5).

Discussion

In the current investigation, we have studied the possible pro-
tective effect of jojoba oil against the toxic effects induced by
fipronil administered orally at 1/10th LD50 for 28 days on
liver, kidney, and brain of rats.

Our data indicated significant elevations in the activates of
ALT, AST, ALP, and LDH which are consistent with previ-
ous studies of Mossa et al. (2015), Kartheek and David
(2018), Elgawish et al. (2019), and AlBasher et al. (2020).
Elevated blood transaminases indicate liver dysfunction,
where cellular degeneration causes leakage of intracellular
ALT to the blood. ALT is a specific marker of hepatocellular
degeneration which correlates well with the damage degree
and consequent leakage out membranes. AST is less specific
to the liver, as it is present also in heart (Whalan 2015).
Elevated ALP activity may indicate liver disease, cholestasis,
or osteoclastic activity (Whalan 2015). LDH is found nearly in

Fig. 1 DNA fragmentation % in different groups. a liver and kidney
DNA fragmentation percentage. Values are means ± SE, n = 5. Bars
carrying different letters (a, b, and c) are significantly different at p ≤
0.05. b Electrophoretic mobility of fragmented DNA in different groups

on 1% agarose gel. For liver tissue; lane 1: control, lane 2: Fipronil, lane
3: Jojoba oil, lane 4: Fipronil + Jojoba. For kidney tissue; lane 5: control,
lane 6: Fipronil, lane 7: Jojoba oil, lane 8: Fipronil + Jojoba oil, M: DNA
ladder

Fig. 2 Quantitative RT-PCR of Casp-3 gene expression in different or-
gans in various groups. a Evaluation of Casp-3 gene expression in differ-
ent organs in fipronil group compared with control and other groups.
Values are expressed as mean ± SE, n = 5. Bars carrying different letters

(a, b, and c) are significantly different at p ≤ 0.05. b Cropped gel of
electrophoretic mobility of quantitative RT-PCR products of Casp-3
and GAPDH (internal control) genes on 2% agarose gel. Lane 1: control,
lane 2: Fipronil, lane 3: Jojoba oil, lane 4: Fipronil + Jojoba oil
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almost all tissues making it a general marker for non-specific
cytotoxicity and cell lysis (Bagchi et al. 1995).

In line with the changes in liver function biomarkers, the
histomorphological examination of the liver tissue revealed
congestion with inflammatory cell infiltration of central vein,
ballooning degeneration of hepatocytes and area of
coagulative necrosis infiltrated by inflammatory cells.

Similar findings were previously reported by Mossa et al.
(2015) and Abdel-Daim et al. (2019).

Herein, the nephrotoxic effect of fipronil was demonstrated
by elevated serum urea and creatinine levels in addition to
glomerular and tubular degeneration with interstitial conges-
tion, edema, and leukocytic infiltration. Our results agree with
the studies of Badgujar et al. (2015), Mossa et al. (2015), and

Fig. 3 Quantitative RT-PCR of Bcl2 gene expression in different organs
in various groups. a Evaluation of Bcl2 gene expression in different or-
gans in fipronil group compared with control and other groups. Values
expressed as mean ± SE, n = 5. Bars carrying different letters (a, b, c, and

d) are significantly different at p ≤ 0.05. b Cropped gel of electrophoretic
mobility of quantitative RT-PCR products of Bcl2 and GAPDH (internal
control) genes on 2% agarose gel. Lane 1: control, lane 2: Fipronil, lane 3:
Jojoba oil, and lane 4: Fipronil + Jojoba oil

Fig. 4 Representative
photomicrographs of liver
sections (hematoxylin and eosin
stain × 20. Scale bar 50 μm). a
Control group showing normal
histologic architecture of central
vein and hepatic cords. b Fipronil
group showing congestion with
inflammatory cells infiltration of
central vein (yellow arrow),
ballooning degeneration of
hepatocytes (black arrow), and
area of coagulative necrosis
infiltrated by inflammatory cells
(circle). c Jojoba group showing
normal histologic architecture of
liver tissue as control group. d
Fipronil + Jojoba group showing
normal central vein and hepatic
cords, some hepatic cells suffered
from hydropic degeneration
(black arrow) and mild
inflammatory cells infiltration in
hepatic sinusoids (yellow arrow)
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Abdel-Daim et al. (2019). Urea is a waste product of protein
metabolism produced by liver and freely filtered by glomeruli,
while some urea is reabsorbed passively with water in the
proximal tubules. Creatinine is a non-protein nitrogen pro-
duced from muscle creatine and phosphocreatine. It is a more
specific marker of impaired glomerular filtration than urea, as
it is filtered almost entirely by the glomeruli (Whalan 2015).

In this study, the neurotoxicity of fipronil was evidenced by
increased brain GABA concentration accompanied with neu-
ronal degeneration, peri-neuronal edema, neuronophagia,
satellitosis, and proliferation of microglia cells around dead
neurons. Similarly, Badgujar et al. (2015) and Khalaf et al.
(2019) have shown histopathological alterations in the brain
of fipronil-intoxicated animals. GABA is an important inhib-
itory neurotransmitter in the CNS (Schousboe and
Waagepetersen 2007). The concentration of GABA depends

upon the dynamic balance between its catabolism and new
synthesis, mainly from L-glutamate, in the GABAergic neu-
rons by the activity of glutamate decarboxylase (GAD).
GABA is catabolized in astrocytes by GABA transaminase
(GABA-T) which transforms GABA to succinic semialde-
hyde (SSA) (de Graaf et al. 2006). The accumulation of
GABA in living organisms may result from elevated GAD
activity or reduced GABA-T activity (de Graaf et al. 2006;
Shimajiri et al. 2013). In addition, the rise in brain GABA
level could be attributed to accumulation of GABA at the
synaptic junctions (Gunasekara et al. 2007; Simon-Delso
et al. 2015) due to targeting GABA receptor in the CNS
(Wang et al. 2016).

To elucidate the biochemical pathways underlying fipronil-
induced hepatorenal- and neuro-toxicity, oxidant/antioxidant
status was studied in organs of intoxicated rats. Our results

Table 5 Histopathological lesions in organ of different groups and their histopathological grades

Organ Lesions Histopathological grades

Control Fipronil Jojoba oil Fipronil
+ Jojoba oil

Liver Congestion of central and portal vein − +++ − +

Congestion in hepatic sinusoids + ++ + +

Ballooning (hydropic) degeneration − +++ − +

Granular degeneration of hepatocytes + ++ − +

Coagulative necrosis in hepatocytes − ++ − +

Inflammatory cells infiltration − ++ − +

Area of coagulative necrosis infiltrated by inflammatory cells − ++ − +

Kidney Shrinkage of glomerular tuft with increase of Bowman′s space − +++ − +

Congestion of glomeruli and interstitial tissue + +++ + ++

Interstitial edema − +++ − +

Inflammatory cell infiltration − ++ − +

Necrosis with pyknotic nuclei of glomerular cells − ++ − +

Necrosis with pyknotic nuclei of tubular cells − ++ − +

Vacuolation of epithelial lining renal tubules. − ++ − −
Dilatation of renal tubules − ++ − −
Cloudy swelling of renal epithelium + ++++ − +

Hyaline casts − + − −
Cellular casts − + − −

Brain Congestion − ++ − +

Hemorrhage − ++ − +

Peri-neuronal edema − +++ − +

Neuronal necrosis & degeneration − ++++ − ++

Neuronophagia − ++++ − ++

Microgliosis − ++ − +

Satellitosis − ++ − +

Astrogliosis − ++ − +

Demyelination − ++++ − +

Necrosis and loss of Purkinje cells − ++ − +
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revealed that fipronil induced oxidative injury in the liver,
kidney, and brain evidenced by elevated MDA and NO con-
centrations with reduction of the GSH level and the activities
of enzymatic antioxidants SOD and CAT. Our findings are in
accordance with previous investigations demonstrating oxida-
tive damage by fipronil in intoxicated rats (Mossa et al. 2015;
Swelam et al. 2017; Kartheek and David 2018; Khalaf et al.
2019; AlBasher et al. 2020), mice (Badgujar et al. 2015), and
Japanese Quails (Khalil et al. 2019).

The elevation of the lipid peroxidation marker malonalde-
hyde (MDA) in liver, kidney, and brain indicates damage of
cellular membranes by ROS associated with inability of the
cellular enzymatic and non-enzymatic antioxidants to detoxi-
cate the ROS in these organs (Nordberg and Arnér 2001). The
increase in nitric oxide (NO) level may be attributed to acti-
vation of inducible nitric oxide synthase. NO may further
combine with superoxide anion to form peroxynitrite, a nox-
ious nitrogen species (Pacher et al. 2007). Thus, NO may

contribute to hepatorenal and brain damage by inducing
nitrosative stress response in the fipronil-treated rats.

Glutathione (GSH), the major intracellular antioxidant, is
very critical for detoxication and clearance of poisons, acting
as scavenger of free radicals, and as substrate for the antioxi-
dant enzymes GPx and GST, in addition to its role in
regenerating vitamins E and C to their bioactive form
(Meister and Anderson 1983; Deyashi and Chakraborty
2016). Herein, the depletion of GSH may reflect failure of
hepatic, renal, and brain antioxidant systems to comate the
oxidizing effect of ROS in fipronil-treated animals.

The diminished catalase (CAT) activity could be attributed
to utilization of the enzyme in the detoxification of H2O2

produced by oxidative stress. If H2O2 level is elevated, it
may generate hydroxyl radical through Fenton reaction, and
thus further exaggerates the oxidative stress (Ratliff et al.
2016). The reduction of SOD activity reflects consumption
of that enzyme in detoxication of the superoxide radical. The

Fig. 5 Representative histopathological photomicrographs of rat kidney
(hematoxylin and eosin stain × 20. Scale bar 50 μm). a Control group
showing normal histologic architecture of glomeruli and renal tubules of
kidney. b Fipronil group showing shrinkage of glomerular tuft with
increased Bowman’s space (head arrow), congestion of glomeruli and
interstitial tissue (blue arrow), necrosis of glomerular cells and renal
tubular epithelium with pyknotic nuclei (red arrow), cloudy swelling of

renal tubular epithelium with occlusion of their lumen (black arrow),
periglomerular edema, and in the interstitial tissue (star) with inflamma-
tory cells infiltration (yellow arrow). c Jojoba oil group showing normal
histologic architecture of renal tissue as control group. d Fipronil + Jojoba
oil group showing nearly normal glomeruli and renal tubules except for
presence of congestion of glomeruli and interstitial tissue (blue arrow),
cloudy swelling of renal epithelium of scattered tubules
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decrease in antioxidant enzyme activities may be attributed to
direct action of ROS on these enzymes, substrate depletion,
and/or reduction of transcription and translation processes
(Yonar and Sakin 2011). Herein, the oxidative damage of
liver, kidney, and brain of intoxicated rats is correlated with
the observed histopathological alterations in these organs.

In the present study, our data indicated an apoptotic
effect of fipronil in liver, kidney, and brain of intoxi-
cated rats evidenced by increased DNA fragmentation,
enhanced caspase-3 expression, and downregulation of
Bcl2 gene expression. Consistent with our results, Park
et al. (2016) reported that treatment of SH-SY5Y cells
with fipronil induced apoptosis via activation of
caspase-9 and -3, leading to nuclear condensation.
Abdel-Daim et al. (2019) reported that fipronil induced
overexpression of the proapoptotic Bax gene, while it
downregulated the expression of the antiapoptotic Bcl2
gene in liver and kidney of rats. Additionally, Khalaf
et al. (2019) reported that the insecticide upregulated the
expression of brain caspase-3 and Bax genes.

Of note are the findings of Wang et al. (2013). They have
shown that fipronil-induced apoptosis in Spodoptera
frugiperda (Sf9) cell line is mediated, at least in part, by the
increased •OH radical, depleted GSH, and ATPase. Apoptosis
is responsible for the cytotoxicity of various poisons causing

nuclear DNA fragmentation (Elmore 2007). It has two path-
ways; the intrinsic one is initiated by intracellular signals such
as DNA damage and mediated by disruption of mitochondrial
membrane potential releasing death factors into cytosol, and
regulation of Bcl2 family proteins. On the other hand, the
extrinsic pathway is mediated by death receptors. In both
pathways, activation of caspases causes cell death by
degrading key nuclear and structural proteins (Ray and
Corcoran 2009).

Critical to preventing the toxic effects induced by insecti-
cides like fipronil is seeking effective protectives of natural
origin. Jojoba (Simmondsia chinensis) is an economically im-
portant plant due to its high oil contents in seeds (50%), ability
to grow in desert with inadequate water (Abdel-Mageed et al.
2014), and using its meal as animal and fish feed (Bouali et al.
2008; Khalil et al. 2009).

In the current study, jojoba oil, interestingly, ameliorated
the toxic effects produced by fipronil in rats as evidenced by
improved liver and kidney function biomarkers, and dimin-
ished lipid peroxidation measured by MDA and NO levels in
liver, kidney, and brain. It also enhanced the antioxidant status
by improving cellular GSH level, and CAT and SOD activi-
ties. Moreover, it ameliorated the histomorphological alter-
ations induced by fipronil in liver, kidney, and brain. Of note,
jojoba oil demonstrated marked anti-apoptic effect shown by

Fig. 6 Representative
histopathological
photomicrographs of rat brain
cerebrum (hematoxylin and eosin
stain × 20. Scale bar 50 μm). a
Control group showing normal
histologic architecture of
cerebrum. b Fipronil group
showing vacuolation (spongiosis)
of neuropil of frontal cerebrum
(star), neuronal degeneration
(black arrow), peri-neuronal ede-
ma (green arrow), satellitosis
(yellow arrow), proliferation of
microglia cells around dead neu-
rons (beginning of
neuronophagia) (blue arrow). c
Jojoba oil group showing normal
histologic architecture of cere-
brum as control group. d Fipronil
+ Jojoba oil group showing mild
spongiosis (star), peri-neuronal
edema (green arrow), and peri-
vascular cuffing (head arrow)
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reduced DNA fragmentation and caspase-3 expression, and
overexpression of Bcl2 gene.

Previous studies confirm the protective effect of jojoba oil
against the toxic insults induced by various toxicants.
Moawad et al. (2018) reported that jojoba oil ameliorated
the toxic effects of diethyl nitrosamine (DEN) in rats as indi-
cated by reduction of the serum transaminases activities, liver
MDA content, and the histopathological alterations. Sobhy
et al. (2016) have demonstrated hepatoprotective and anti-
apoptic effects of jojoba oil in rats intoxicated with aflatoxins.
Also, Sobhy et al. (2015) and Nassar et al. (2017) indicated the
hepatoprotective effect of jojoba oil in rats poisoned
with cadmium and CCl4, respectively. Moreover, jojoba
ethanolic extract was shown to have a similar protective
effect against fumonisin hepatotoxicity (Reda et al.
2009; Abdel-Wahhab et al. 2016) and nephrotoxicity
(Reda et al. 2009) in rats.

Importantly, the antioxidant property of jojoba oil based on
nitric oxide and DPPH scavenging assays has been illustrated
(Manoharan et al. 2016). The protective effect of jojoba oil
could be attributed to the high antioxidant content which en-
ables it to scavenge ROS and comate the consequent oxidative
damage. Kara (2018) has attributed the antioxidant activity of
the ethanolic extract of jojoba leaves and seeds to the high
total phenolic substances. Badr et al. (2017) have shown that
jojoba oil demonstrated good antioxidant capacities compared
with ascorbic acid due to its high total phenolic compounds
(12.5 mg gallic acid/gram) and total flavonoid content
(5.92 mg catechol/gram). In fact, the antioxidant effect of
jojoba seed extract may be due to the presence of compounds
such as quercetin, quercetin 3-glucoside, catechin, caffeic ac-
id, and gallic acid (Belhadj et al. 2018). Jojoba oil was report-
ed to contain a natural antioxidant demonstrated to be a hy-
droxytoluene allylic derivative (Kampf et al. 1986). Kono
et al. (1981) demonstrated that tocopherol α, γ, and δ isomers
are found in jojoba oil in different amounts, depending on the
oil origin, with the γ-isomer being the most abundant.
Besides, the anti-apoptic effect of jojoba oil could be due to
the presence of polyphenols such as kaempferol, rutin, and
apigenin (Belhadj et al. 2018). Interestingly, jojoba plant
was reported to protect from free radicals due to presence of
lipoxygenase inhibitors (Abdel-Mageed et al. 2014) which
suppress leukotriene synthesis and consequent inflammation
(Haeggström and Funk 2011).

Conclusion

Fipronil induced hepatorenal and neurotoxic effects in rats
associated with apoptosis and histopathological alterations.
Oxidative stress and apoptosis seem to play a pivotal role in
mediating fipronil-induced toxic injury. Of note, cotreatment
of jojoba oil with fipronil significantly ameliorated these toxic

effects as evidenced by improved liver and kidney functions,
oxidant/antioxidant status, brain GABA, and apoptosis
markers (DNA fragmentation, and casp-3 and Bcl2 gene ex-
pression). These observations suggested that jojoba oil has
promising antioxidant and anti-apoptic properties. However,
additional investigations are warranted to further explore the
biochemical pathways underlying jojoba oil protective effects.
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