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ABSTRACT

Background: Exposure to carbon tetrachloride (CCI4) induces acute and chronic kidney damage alongside oxidative
stress in rats.

Aim: This study examines Nigella sativa ethanolic extract’s (NEE) potential barriers against CCl4-induced
nephrotoxicity.

Methods: Wistar albino male rats weighing between 150 and 200 g were acclimatized and randomly divided into
four groups, each comprising 10 animals. The control group consisted of healthy rats; the second group received oral
administration of 200 mg/kg NEE for six weeks; the third group received intraperitoneal injections of CCl4 at a dose
of 0.5 mg/kg twice weekly for six weeks; and the fourth group received both oral NEE and CCI4.

Results: Results indicate that NEE significantly mitigated renal degeneration induced by CCl4, evidenced by
notable reductions in creatinine, urea, urea nitrogen, uric acid, potassium, IL-1f, IL-4, IL-6, IL-10, TNF-a, renal
NO, MDA, and DNA fragmentation, coupled with substantial increases in kidney SOD, GPx, GSH, and CAT levels.
Additionally, CD4, Albumin, Sodium, Calcium, Immunohistochemistry, and Histopathological analyses revealed
marked regenerative effects.

Conclusion: In conclusion, NEE exhibits anti-nephrotoxic, anti-inflammatory, and antioxidant properties, with a likely
mediation by its antioxidant constituents. The radical scavenging activity, particularly the high phenolic content of its
active component, suggests NEE’s potential efficacy as a nephroprotective supplement.

Keywords: Nephrotoxicity, CCl4, Nigella sativa, Anti-inflammatory, Antioxidant, Rat.

Introduction restrictions, researchers are examining the safety and
effectiveness of new medications made from natural

Through filtration and excretion, the kidney is crucial in
sources (Delgado-Montemayor et al, 2015; Joshy

eliminating harmful compounds from the body. Because

of its high blood flow and complex cellular transport
networks, which lead to a buildup of these substances
within nephron epithelial cells, it is particularly
susceptible to toxic effects from medications and
poisons (Kumar et al., 2013; Adewale and Orhue,
2015). Renal failure, which is defined by a high rate of
morbidity and death and a loss of the kidney’s ability to
remove waste, collect urine, preserve electrolytes, and
maintain fluid balance, is becoming more common at
an alarming rate (Komail and Narendra, 2017; Sabra
et al., 2023). To treat liver and kidney issues, several
synthetic drugs are employed; however, they frequently
have unfavorable side effects. Considering these

et al., 2016; Gogoi et al., 2017). Solvents, cleaning
products, and chlorofluorocarbons are all synthesized
using the organic molecule carbon tetrachloride (CCl4)
(Karabulut et al., 2021).

Moreover, oxidative stress and free radicals contribute
to CCl4-induced nephrotoxicity, which is regulated
by cytochrome P450 (Nomier et al., 2022). Immune
response, cellular migration, adhesion, and proliferation
are all significantly influenced by the proinflammatory
cytokines. The escalation of inflammatory responses is
promoted by interleukins and tumor necrosis factors
(TNFR) (Ashry et al., 2021). The chemical compound
CCl4 has also been linked to cell apoptosis, resulting in
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several modifications to cellular morphology, including
mRNA degradation, DNA fragmentation, and cell
shrinkage (Safhi, 2018). Caspase 3 and 9 activation
starts cellular apoptosis, which breaks down proteins
and causes cell death (Rudel, 1999).

Recently, plants have been used as an important source
of many biologically active compounds for medication
discovery (Abdel-Wahhab et al., 2021). Herbal extracts
have been shown to mitigate the oxidative stress
brought on by CCl4 by increasing the reduction of lipid
peroxidation levels and antioxidant enzyme activity.
Ranunculaceae includes the green plant N. sativa,
also known as the black seed. Flavonoids, alkaloids,
polyphenols, saponins, 36%—-38% settling oils, and
0.4%—2.5% of essential oil are present in V. sativa seeds.
Thymoquinone (TQ) and its derivatives thymoquinone,
thymohydroquinone, and thymol, make up between 30
and 48 percent of N. sativa’s pharmacologically active
compounds.

According to previous studies, N. sativa possesses
preventive, anti-hypertensive, anti-diabetic, and
cardiovascular properties (Leong et al, 2013;
Enayatfard et al., 2019) and anti-hyperlipidemic
(Hosseini et al., 2015) and also attenuates endothelial
dysfunction (Abbasnezhad et al., 2019; Enayatfard
et al, 2019). Previous research suggested that
endothelial dysfunction and hypertension are both
encouraged by systemic oxidative stress (Tasar et al.,
2012). Additionally, N. sativas ability to act as an
antioxidant has a long history of research. TQ is
thought to work as a redox equilibrium enhancer and
free radical scavenger (Abbasnezhad et al., 2016;
Abbasnezhad et al., 2019; Atwa et al., 2023). N. sativa
ethanolic extract lessens the functional renal damage
caused by doxorubicin in rats, increases glomerular
filtration rate, and lowers glucosuria (El-Saleh
et al., 2004). Despite all of this, there is not enough
knowledge about how N. sativa impacts renal tissue.
Thus, the current investigation aimed to evaluate the V.
sativa ethanolic extract as a reducing agent to oxidative
stress, DNA damage, apoptosis, and inflammation
in the rats’ kidney tissues that had undergone renal
cellular damage caused by CCl4.

Methods

Chemicals

We bought from Sigma Aldrich (St. Louis, MO, USA),
CCl4 with olive oil. According to (Dehpour et al.
2022), twice weekly intraperitoneal (IP) injections of
0.5 mg/kg CCl4 in olive oil were given to rats.

Plant materials and extraction

N. sativa was obtained from the Agricultural Research
Center, Giza, Egypt. The ethanolic extraction method
of dry powdered seeds of N. sativa is described in
(Horwitz et al. 1970) with slight modifications. At
room temperature, 800 g of N. sativa powder was
steeped in 2 liters of absolute ethanol under continuous
stirring for 24 hours; then, the sterile filter paper

was used to filter the mixture (Whatman number 42,
England). A rotary evaporator was used to remove
the solvent, and the extract was then kept at =20 °C
until use. With some minor adjustments, ethanol was
used to extract the dry powdered roots of N. sativa. As
mentioned earlier, the capacity of NEE to scavenge
1,1-diphenyl-2-picrylhydrazyl radicals was evaluated
according to a previous method (Sethiya et al., 2014).
The total phenolic content of NEE was determined,
using established biochemical method (Nogala-
Kalucka et al., 2005). The extract yield was calculated
according to Ashry et al. (2021).

HPLC analysis of phenolic constituents

A high-performance liquid chromatography (HPLC)
analysis was performed using an Agilent 1,260 series.
4.6 mm x 250 mm id, 5 m Kromasil C18 column was
used for the separation. Chromatograph the extract
samples at a flow rate of 1 ml/min with solvents A
(water) and B (acetonitrile, 0.05% trifluoroacetic acid).
The linear gradient was used to program the mobile
phase as follows: 0 minute (82% A), 0 to 5 minutes
(80% A), 5-8 minutes to 6 minutes, 5—-8 minutes to
12 minutes, 85% A, and 15 minutes to 16 minutes
(82% A). Each sample was added to the column in 10
1 at a temperature of 35°C while the detector multi-
wavelength was watched at 280 nm.

Animals and experimental design

From the National Research Center’s Animal Colony in
Giza, Egypt, albino male rats weighing 150-200g were
obtained. Rats were handled by humans in compliance
with the ethical guidelines established by the Faculty
of Science at Al-Azhar University in Assiut, Egypt,
to maintain and employ animals in experiments. To
give the animals time to adjust and have unrestricted
access to food and water, they were kept in adequate
plastic cages for a week before the experiment. The
accustomed animals were divided at random among
four groups of ten animals. In the first group, which
served as the control group, there were only healthy
rats; The second group of rats received a six-week
oral administration of 200 mg/kg NEE; for six weeks
(twice weekly), rats in the third group received CCl4
intraperitoneally at a dose of 0.5 mg/kg and for six
weeks, rats in the fourth group received NEE/CCl4
orally. All experiments in the study were approved by
the Ethical Committee of the Faculty of Science at Al-
Azhar University in Assiut, Egypt, under the reference
number Al-Azhar 13/2023 (approval number: Al-
Azhar 13/2023).

Blood and tissue sampling

All rats were weighed and fasted overnight at the
conclusion of the treatment period (6 weeks). After
administering sodium pentobarbital (9.1 mg/kg
in a sterile 0.9% NaCl solution) intramuscularly,
Heparinized and sterilized glass capillaries were used
to obtain blood samples from the retro-orbital plexus.
All blood samples were centrifuged at 1,000 rpm for 10
minutes while being cooled to separate the sera, which
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were then divided into aliquots and stored at —80°C.
After the animals’ blood was drawn, their kidneys
were removed, and they were then put to death. A
section of the kidney was cleaned in saline, dried, and
covered with aluminum foil for biochemical testing.
For histopathological and immunohistochemistry
processing investigation, a different kidney segment
was immersed in a 10% formalin-saline buffer. 10%
homogenate (w/v) was produced by ultrasonically
homogenizing a sample of kidney tissue in an ice-cold
phosphate buffer (50 mM, pH 7.4). The homogenate
was centrifuged for 20 minutes at 5,000 rpm to separate
the nuclear and mitochondrial components. After being
separated, aliquots of the supernatant were stored at
—80°C until the biochemical analyses.

Biochemical determinations

For all biochemical measurements, a Shimadzu
spectrophotometer (UV-vis 1201, Japan) was used.
Utilizing instruments from the German company DiaSys
Diagnostic Systems GmbH, serum concentrations of
urea, urea nitrogen, uric acid, creatinine, potassium,
sodium, calcium, and albumin were measured.
Oxidative stress markers of kidney tissue

An ELISA method was used to test the kidney for SOD,
GPx, GSH, CAT, NO, and MDA (Dynatech Microplate
Reader Model MR 5000, 478 Bay Street, Suite A213
Midland, ON, Canada). Rat ELISA kits are available
from SinoGeneClon Biotech Co., Ltd., No. 9 BoYuan
Road, YuHang District 311112, Hang Zhou, China.
Pro-inflammatory cytokine and apoptotic biomarker
The blood levels of CD4, TNF-a, IL-1pB, IL-4, IL-6,
and IL-10 were analyzed using an ELISA technique.
Rat ELIZA kits (Dynatech Microplate Reader Model
MR 5000, 478 Bay Street, Suite A213 Midland, ON,
Canada) are available from SinoGeneClon Biotech Co.,
Ltd., No. 9 BoYuan Road, YuHang District 311112,
Hang Zhou, China.

Renal DNA fragmentation percentage

DNA fragmentation in kidney samples was assessed
using the quantitative approach.

Histopathology

Before being sectioned and embedded in paraffin, the
removed kidneys were preserved for 24 hours in 10%
neutral buffered formalin. Other procedures included
running water washings, ethanol dehydration, xylene
clearing, and paraffin embedding. To examine the
slides under a light microscope later, they were first
stained with hematoxylin and eosin stains (Suvarna
etal.,2018).

Immunohistochemistry

Immunostaining was performed on paraffin-embedded
kidney tissues for all groups; Sections 5 pm thick were
immunostained for 90 minutes using anti-Caspase-3 as
the main antibody, and the immunoperoxidase method
was used as the secondary antibody as described by
(Suvarna et al., 2018; Gadelmawla ef al., 2022).

Statistical analysis

The statistical analysis was carried out using SAS
computer software, which is copyrighted (c) 1998
by SAS Institute Inc., Cary, North Carolina, USA.
According to ( Douglas Steel and Torrie, 1986), the
means were compared using the post-hock (Tukey)
multiple comparisons test at p < 0.05 following the
one-way analysis of variance (ANOVA).

Results

HPLC analysis of phenolic constituents

Figure 1 shows the ethanolic extract of N. sativa’s
phenolic content (yield, total) and radical scavenging
activity (RSA). Sixteen phenolic compounds were
principally discovered in NEE using HPLC analysis.
High concentrations of chlorogenic acid, catechin,
methyl gallate, and pyrocatechol were discovered
among the components (Fig. 2 and Table 1).
Biochemical determinations

Compared to the control group, CCl4 intoxication
resulted in significantly higher serum concentrations of
creatinine, urea, uric acid, urea nitrogen, and potassium
and significantly lower concentrations of calcium,
sodium, and albumin. It is fascinating to observe
that administration of NEE to CCl4-intoxicated rats
improved renal profile parameters, as shown by the
marked rise in calcium, sodium, and albumin levels
compared to CCl4-treated animals and the marked
decline in urea, urea nitrogen, creatinine, uric acid, and
potassium levels (Fig. 3A—H).

80 -

60 -
50 -

20 -
10 -

o L_mom [ |

Yield (%) TPC (mg/g) RSA (%)

Fig. 1. Three trials were conducted to measure the yield
(%), total phenolic content (%), and radical scavenging
activity (%) of an ethanolic extract of dry, powdered
Nigella sativa roots.
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Fig. 2. HPLC analysis of phenolic constituents of Nigella sativa ethanolic extract.

Table 1. Using HPLC analysis, phenolic components of the ethanolic extract of Nigella sativa.

Concentration Concentration
Area

(ng/ml = pg/ 6.8mg) (ng/g)
Gallic acid 15.63 12.80 465.38
Chlorogenic acid 24.81 33.35 1,212.87
Catechin 33.37 73.05 2,656.31
Methyl gallate 122.75 77.85 2,831.05
Cofteic acid 5.23 3.67 133.41
Syringic acid 0.00 0.00 0.00
Pyro catechol 45.05 58.61 2,131.28
Rutin 0.00 0.00 0.00
Ellagic acid 0.00 0.00 0.00
Coumaric acid 2.65 0.68 24.87
Vanillin 0.00 0.00 0.00
Ferulic acid 0.91 0.54 19.75
Naringenin 2.55 1.86 67.78
Daidzein 1.07 0.66 24.03
Quercetin 1.69 1.88 68.27
Cinnamic acid 0.00 0.00 0.00

Determination of Oxidative stress markers of kidney
tissue

Kidney oxidative stress was dramatically exacerbated
by CCl4 poisoning as seen by the kidneys’ much higher
levels of MDA and NO as well as their significantly
lower levels of CAT, SOD, and GPx activity as well
as GSH. Compared to the CCl4-intoxicated group,

animals fed NEE displayed significantly lower kidney
MDA and NO levels and significantly higher levels of
GSH, CAT, SOD, and GPx activity (Fig. 4A-F).

Determination of pro-inflammatory cytokine and
apoptotic biomarker and renal DNA fragmentation %
The data collected showed that the CCl4 group had
significantly higher levels of TNF-a, IL-1p, IL-4, IL-6,
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Fig. 3. Effect of CCl4 and NEE on blood urea (A), urea nitrogen (B),
creatinine (C), uric acid (D), calcium (E), sodium (F), potassium (G), and
albumin (H). Data are presented as Mean + SD using one-way ANOVA and
a post hoc test (Duncan) at p < 0.05. Columns sharing the same symbol are
not significant.
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Fig. 4. Effect of CCl4 and NEE on kidney MDA (A), NO (B), GSH (C), SOD (D), GPx (E) and
CAT (F). Data are presented as Mean + SD using one-way ANOVA and a post hoc test (Duncan)
at p <0.05. Columns sharing the same symbol are not significant.

IL-10, and DNA fermentation than the control group,
while the CD4 level had decreased considerably.
Remarkably, NEE considerably decreased TNF-a,
IL1B, IL-4, IL-6, and IL-10 DNA damage levels and
greatly increased CD4 compared to CCl4 animal
levels, improving all inflammatory cytokines, apoptotic

markers, and renal DNA damage within normal ranges
(Fig. 5A-Q).

Histopathology

The control group’s evaluation of the renal tissues
revealed a normal renal cortex with proximal and
distal convoluted tubules (PCTs) and renal corpuscles.
The glomerulus of the renal corpuscles, which was
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Fig. 5. Serum TNF-q, IL1B, IL-4, IL-6, IL-10 and CD4 levels as well
as kidney DNA fragmentation of control, CCl4-intoxicated and NEE-
treated male albino rats A—G. Data are presented as Mean + SD using
one-way ANOVA and a post hoc test (Duncan) at p < 0.05. Columns
sharing the same symbol are not significant.
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Fig. 6. (A-D). A histopathological analysis of the groups’ renal tissues. Photomicrograph of the control group’s
renal tissue in (A) demonstrates the healthy renal cortical structure with glomeruli (*), proximal convoluted tubules
(arrow), and distal convoluted tubules (long arrow); (B) Approximately typical renal cortical structure with glomeruli,
proximal convoluted tubules, and distal convoluted tubules can be seen in the photomicrograph of renal tissue taken
from the NEE group; (C) photomicrograph of the treated group’s renal tissue reveals aberrant renal cortical structure,
including atrophied glomeruli, obliterated proximal convoluted tubules in some locations, and others with atypical
architecture (D) A photomicrograph of the CCI4 and NEE group’s renal tissue reveals enhanced cortical nephron
structure, including glomeruli, PCT, and DCT, as well as modest arteriolar congestion.
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comprised of a lobulated tuft of capillaries, was ringed
and bordered by the Bowman’s capsule. The PCTs were
seen to be more abundant, to have a narrow lumen, and
to be bordered by pyramidal cells with indistinct cell
borders. They had spherical vesicular nuclei and highly
acidophilic cytoplasm (Fig. 6a). The NEE-treated
group showed an approximately normal histological
pattern of renal tissues (Fig. 6b). In several regions,
the tubular architecture of the group that received CCl4
revealed disruption. Some tubules were recognized
as basophilic aggregates with poorly defined nuclei,
while others were seen as a few dilated tubules with
flattened epithelium. Some tubules showed sloughing
off parts of their epithelium inside their lumen with
the obliterated tubular lumen. It appeared that some
tubular cells had acidophilic cytoplasm. A congested
glomerular arteriole was detected (Fig. 6¢); while the
structure of the glomeruli and renal cortical tubules in
the CCl4 and NEE-treated group was almost identical
to that of the control group. The intact epithelial lining
was visible in closely packed cortical tubules (Fig. 6d).
Immunohistochemistry:

Caspase-3’s sporadic expression was found in the renal
tissue of the control group (Fig. 7a) and NEE group
(Fig. 7b). In the CCl4 group, caspase-3 displayed
a strong expression (Fig. 7c). The CCl4 and NEE —
treated group showed moderate Caspase-3 expression
when compared with CCl4 group (Fig. 7d).

Discussion

One of the many environmental toxins linked to
various types of harmful cellular damage in various
human organs is CCl4 (Marie et al., 2022). CCl4 is
utilized to cause organ toxicity in experimental animal
models, including hepatotoxicity, nephrotoxicity, and
cardiotoxicity (Ashry et al.,2021). The toxicity of CCl4
was attributed to its metabolic activation by the P450
system, which produces the extremely reactive free
radicals trichloromethyl and chloride radicals. These
radicals damage DNA and cause protein peroxidation
because of their strong affinity to bind to organ tissue
electrons (Alkreathy et al., 2014). It was once believed
that renal impairment brought on by CCl4 medication
might occur without being influenced by the functional
condition of the liver (Rincon et al., 1999).
Furthermore, it has been observed that renal tissue
disperses CCl4 far more than hepatic tissue (Sanzgiri
and Bruckner, 1997). In a prior study, oxidative stress
brought on by CCl4 was blamed for the nephrotoxicity
in rats (Abraham et al., 1999). It was also asserted that
exposure to CCl4 led to kidney damage by creating
reactive oxygen species (Ganie et al., 2011). The
current study’s primary goal was to investigate if NEE
could protect rats from CCl4-induced nephrotoxicity.
Our results revealed that injection of CCl4 significantly
elevated serum urea, creatinine, uric acid, K*, and
urea nitrogen matched with decreased Na® and Ca’,
which is the kidney removing them from the blood as

Fig. 7. (A-D) Photomicrographs of Caspase-3-
immunostained renal tissues from several groups
(x400). (A): The typical, modest cytoplasmic
Caspase-3 IHC positivity was present in the control
group of rats. (B): NEE group displaying cytoplasmic
light Positive Caspase-3 IHC result. (C) Caspase-3
immuno-reactivity was severely exhibited in the CCl4
treated group. (D): Moderate Caspase-3 IHC positivity
in the CCl4 and NEE-treated group.
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Fig. 8. Schematic diagram depicting the anti-nephrotoxic, antioxidant, and anti-inflammatory efficacy of NEE against

CCl4-induced nephrotoxicity in rats.

a nitrogenous product of metabolism. After receiving
CCl4, this function was compromised, and the amount
of creatinine excreted from the blood was decreased,
as shown by the noticeably elevated quantity in the
blood. The results are consistent with past research
written about in the literature (Marie et al., 2022;
Nomier et al., 2022; Habashy and Abu-Serie, 2024).
One potential reason is nephron structural integrity
degradation (Marie et al., 2022). The CCl4 group
also displayed significant cytoplasmic vacuolation
and pyknosis of their tiny, very basophilic nuclei, and
had a measurable enlargement of the epithelial lining
of the renal tubules. Serum urea, creatinine, uric acid,
and urea nitrogen levels were significantly reduced
as a result of the concurrent delivery of NEE. N
sativa’s antioxidant activity may be responsible for this
reduction, which lowers the ROS burden by quenching
free radicals. It has been discovered that CCl4 increases
the production of free radicals in the tissues of the liver,
kidney, brain, and lungs (Alkreathy et al., 2014). lipid
peroxidation, protein denaturation, and cell death are
all caused by these free radicals (Hismiogullari ef al.,
2015). Important oxidative stress evaluation indicators
include lipid peroxidation and GSH (Shahsavari et al.,
2017). Glutathione, a naturally occurring antioxidant,
guards against cellular harm by removing free radicals
and lipid peroxides (Jaswal et al., 2003).

Our results demonstrated that treatment of CCl4
significantly increased renal MDA and NO levels

and significantly decreased renal SOD, CAT, GPx,
GSH, and DNA fragmentation, as previously reported
(Suzuki et al., 2015). The considerable reduction in
enzymatic antioxidants was attributed to the renal
cortex and medulla’s elevated hydrogen peroxide
levels, which are linked to oxidative stress (Gomes
et al., 2009). MDA and NO levels were significantly
reduced after taking NEE orally, and antioxidant
enzymes (renal SOD, CAT, GPx, and GSH) and renal
DNA fragmentation were noticeably elevated. This
could explain the improvement in catalase, SOD,
GSH, and GPx activities, the reported decrease in
lipid peroxidation, and the DNA fragmentation in the
kidney. Additionally, phytochemical analysis of NEE
revealed that it contains advantageous phytochemicals
such flavonoids and polyphenols. Gallic acid,
amentoflavone, quercetin, apigenin, pcoumaric acid
and caffeic acid are polyphenols and flavonoids
found in NEE that may contribute to its significant
antioxidant capacity and ability to prevent kidney
damage from CCl4-induced oxidative stress. Some of
these substances, such as CCl4, oxidative stress-related
pathways that have been changed by environmental
toxicants have been demonstrated to be impacted (An
et al., 2016; Akinwumi et al., 2020).

Since CCl4 injection caused a considerable increase in
inflammatory cytokines (IL-1p, IL-4, IL-6, IL-10, and
TNF-a), the new study found a relationship between
oxidative stress and inflammatory cytokines. Our
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results agree with (Marie et al., 2022; Nomier et al.,
2022; Noroozi et al., 2024). This connection might be
explained by the production of trichloromethyl peroxyl
radicals and trichloromethyl that CCl4 causes. Through
various processes, the rise in oxidative stress may
promote the production of inflammatory cytokines.
When oxygen molecules activated NF-jB and activator
protein-1 (AP-1), genes encoding inflammatory
cytokines were transcriptionally activated. NF-jB
significantly impacts the mesangial cell activation that
results in renal injury (Wilkins ef al., 2011). According
to our research, NEE considerably decreased the
elevated inflammatory cytokines, most likely due to
the suppression of oxidative stress. Through NF-xB
suppression, N. sativa is thought to concurrently
alter oxidative stress and the inflammatory process
(Wilkins et al., 2011). Thymoquinone inhibits the
nuclear expression of the NF-B p65 subunit and
the in vivo binding of the p50 subunit to the TNF-a
promoter (El Gazzar et al., 2007). Numerous additional
cytokines, such as TNF-a, IL-1p, and IL-6, act as NF-
kB activators in addition to being up-regulated by NF-
kB, prolonging the pro-inflammatory status (Ahn and
Aggarwal, 2005). Another mechanism, suppression of
NF-kB by N. sativa may interrupt these interactions
and play a significant impact through its anti-oxidant
and anti-inflammatory properties (Woo et al., 2012).
The renal histology studies related to the biochemical
data. In fact, our findings showed that CCl4 significantly
damaged the renal structure, causing obvious glomeruli
and tubular damage that was likely brought on by the
production of reactive radicals and the subsequent lipid
peroxidation brought on by its metabolites. Therefore,
the buildup of hydroperoxides in the kidney could
result in cytotoxicity linked to the peroxidation of
membrane phospholipids, which is the cause of renal
cellular damage and necrotic renal cells.

Additionally, apoptosis is the second phenomenon that
may result from exposure to CC14 and was evident in the
current study by a large rise in Caspase-3, an apoptotic
marker, following CCl4-induced nephrotoxicity.
Previous investigations showed that exposure to CCl4
caused renal tissues to undergo apoptosis (the cortex
and medulla were impacted) (Fang et al., 2021).
Similarly, other in-vivo and in-vitro studies (Almeer
et al., 2019; Gong et al., 2019; Omotoso et al., 2020)
confirmed that CCl4 exposure causes cell death in
various human tissues, including the kidney, liver, and
testis. The destruction of mitochondrial membranes,
significant ROS production, the release of apoptotic
factors, activation of caspase-3, disruption of calcium
homeostasis caused by stressing the endoplasmic
reticulum, increased calcium ion concentration, and
activation of numerous apoptosis induction pathways
are just a few of the underlying mechanisms.

The intrinsic mitochondrial-mediated apoptosis
pathway is mostly mediated by caspase-3 (Charlton
et al., 2020). The combination of N. sativa medication

and exposure to CCl4 had a significant ameliorative
impact, thereby protecting the kidney, as shown by the
statistically lower blood levels of creatinine, urea, and
MDA in the tissues’ histomorphological architecture of
the studied kidney. N. sativa was thought to possess
anti-inflammatory, anti-apoptotic, and antioxidant
qualities that supported its protective effects and made
it a potential therapeutic choice for the treatment of
induced nephrotoxicity (Charlton et al., 2020). The
caspase enzyme family includes caspase-3, a key
player in the execution of apoptosis.

Although it was mostly detected in injured tubules,
certain glomerular and interstitial cells also contained
caspase-3 (Hropot ef al., 2001). The current findings
were consistent with the earlier findings that the CCl4
group had significant Caspase3 immunoreactivity,
reflecting the damage caused by CCI4. In contrast,
the CCl4 and NEE combined group had significant
anti-apoptotic effects and renal protective properties,
evident from the decreased Caspase3 expression. The
modest Caspase3 immunoreactivity in the NEE-treated
rats suggests that NEE is safe for renal tissue.

Conclusion

In a rat model of CCl4-induced nephrotoxicity,
N. sativa extract improved kidney functioning
and decreased oxidative stress, inflammation,
and apoptosis. N. sativa administration showed a
significant recovery effect on kidney tissue through
histopathological and immunohistochemical studies.
Overall, the N. sativa extract may reduce oxidative
stress, decrease inflammatory cytokines, and deactivate
caspase-3 to provide antioxidant, anti-inflammatory,
and anti-apoptotic actions, which may help to alleviate
CCl4-induced nephrotoxicity (Fig. 8). As a result,
N. sativa extract may be taken into consideration
as a viable therapeutic approach for the treatment of
nephrotoxicity.
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