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Abstract
Background: Hepatitis C is a liver infection caused by the hepatitis C virus (HCV). It can cause both acute and chronic
hepatitis. Sofosbuvir (sofo) is a nucleotide analog inhibitor of HCV NS5B polymerase used to treat chronic hepatitis C
infection as a component of a combination of antiviral treatment regimen. Many side effects of sofo were reported in
different mammalian organs including kidney. Moringa oleifera (MO) is one of the medicinal plants which have many
pharmacological activities and nutritional applications due to its rich phytonutrients content. This study aimed to
investigate the possible ameliorative effect of MO seed oil against nephrotoxicity induced by sofo in adult male albino
rats. The experimental animals were divided equally into four groups. Group I: animals were served as control. Group
II: animals were orally given MO oil (2 ml/kg/day). Group III: animals were orally administered with sofo (36 mg/kg/
day). Group IV: animals were orally given sofo then after 2 h they were given MO oil (with the same previous doses). All
doses were daily given to the animals for eight weeks. At the end of the experiments, animals were sacrificed and sera
were collected to determine urea, creatinine and malondialdehyde levels and catalase activity. Kidneys were removed
out and prepared for both the histological and immunohistochemical studies.
Results: Sofo-treated animals showed many pathological changes; damaged glomeruli and degenerated renal
tubules with vacuolated lining epithelial cells contain pyknotic nuclei. In addition, leukocytic infiltration, congested
blood vessels and hemorrhage were seen. Caspase-3 and PCNA were expressed in a large number of cells in the same
group. Moreover, a significant increase in urea, creatinine and malondialdehyde levels was recorded as well as a significant decrease in catalase activity. Co-treatment of MO oil with sofo effectively counteracted the observed adverse
effects. It attenuated the histological picture of the kidney, significantly ameliorated urea, creatinine and malondialdehyde levels and catalase activity and restored the normal expressions of caspase-3 and PCNA.
Conclusions: Moringa oleifera oil can ameliorate nephrotoxicity induced by sofo via its antioxidant, anti-inflammatory
and anti-apoptotic properties.
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Background
Hepatitis C is a liver disease caused by hepatitis C virus
(HCV) which can cause both acute and chronic hepatitis,
ranging in severity from a mild illness lasting a few weeks
to a serious, lifelong illness. Globally, 58 million of people have chronic HCV infection, approximately 290,000
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people died, mostly from cirrhosis and hepatocellular
carcinoma (WHO, 2021).
Therapies for HCV treatment have focused on the
development of direct acting antiviral (DAA) drugs
which target specific HCV enzymes (non-structure protease and polymerase inhibitors) (Pockros, 2010). Sofosbuvir (sofo) is formerly known as GS-7977 or PSI-7977.
Its chemical name is β-D-2ʹ-Deoxy-2ʹ-α-fluoro-2ʹ-β-Cmethyluridine with molecular formula C
 22H29FN3O9P. It
is a nucleotide prodrug approved for treatment of HCV
infection by the United States Food and Drug Administration (FDA, 2013) and European Medicines Agency
(2014). Sofosbuvir is one of the DAA drugs because it is
a selective inhibitor of the HCV-NS5B polymerase (Sofia
et al., 2010).
Although sofo treatment has a potential to reduce the
HCV load, it caused many side effects. El Gharabawy
et al. (2019) reported that the therapeutic dose of sofo
caused renal degenerative and necrotic features including
the proximal and distal convoluted tubules in rats. Also,
acute kidney injury may happen in 1–15% of patients
who are treated with sofo containing regimens (DashtiKhavidaki et al., 2018). Moreover, Fayed et al. (2018)
reported that sofo plus daclatasvir regimen increased
risk of developing chronic kidney disease associated with
increasing interstitial fibrosis, tubular atrophy and creatinine level. Toxicity after sofo treatment were reported
in several organs; testis (El-Kholy et al., 2019), salivary
gland (Abdeen et al., 2019), neurotoxicity (Issa & ElSherif, 2017) and histological and immunohistochemical
changes in cornea (Mekawy et al., 2019).
In the last years, medicinal plants are widely used
throughout the world, due to their potent pharmacological activities, low toxicity and economic viability when
compared with the synthetic drugs (Pracheta et al., 2011).
Moringa oleifera (MO) is one of these plants which have
many medicinal and nutritional properties associated
with the presence of many functional bioactive compounds (Ma et al., 2020).
Moringa oleifera belongs to Moringaceae family and
its tree is commonly known as the horseradish or drumstick tree (Morton, 1991). The root, bark, gum, leaf, pods,
flowers, seed, and seed oil are used in traditional medicine for treatment of various ailments, so the plant supports the fact that it is often referred to as a wonder-tree
(Stevens et al., 2013).
Moringa oleifera oil contains phenolics, flavonoids,
antioxidants (Ogbunugafor et al., 2011), sterols, tocopherols and fatty acids (Anwar et al., 2005). The sterol
fraction consisted mainly of campesterol, stigmasterol, β-sitosterol and Δ5-avenasterol (among which
β-sitosterol was the most predominant) accompanied with trace or minute amounts of Δ7-avenasterol,
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24-methylenecholesterol, campestanol, clerosterol, stigmastanol and 28-isoavenasterol while tocopherols consisted of α-, γ- and δ-tocopherols (Anwar et al., 2005).
The same authors added that MO oil falls into the category of high-oleic oils and contained a high ratio of monounsaturated to saturated fatty acids.
Concerning the possible protective and curative effects
of the different parts of MO, Kotb and Mostafa (2017)
reported that MO oil had protective effect against potassium bromate-induced nephrotoxicity in rats through
ameliorating the levels of creatinine, malondialdehyde
(MDA) and the activity of catalase (CAT). Moreover, MO
oil possessed a marked nephroprotective effect against
gentamicin (Edeogu et al., 2019) and against 5-fluorouracil (Famurewa et al., 2019) via improving the histopathological changes and CAT activity and reducing the levels
of urea, creatinine and renal MDA. Aqueous extract of
MO leaves also had a protective effect against the infertility induced by mobile phone electromagnetic radiation
in rats by modulating the expression of proliferating cell
nuclear antigen (PCNA) and antioxidant activities (BinMeferij & El-Kott, 2015).
The present work was designed to evaluate the histological, immunohistochemical and biochemical impacts
of sofo treatment on the renal cortex of adult male albino
rats and the possible ameliorative role of MO oil.

Methods
Sofosbuvir

Sofosbuvir, its trade name is nucleobuvir, was obtained
as yellow-coated tablets from Eva Pharma for Pharmaceuticals and Medical Appliances S.A.E. Company, Giza,
Egypt. Each tablet contains 400 mg of sofo. The tablets
were dissolved in distilled water and orally given to the
experimental animals by gastric tube at a dose level of
36 mg/kg/day (equivalent to the therapeutic dose for
human, Paget & Barnes, 1964) for eight weeks.
Moringa oleifera oil

Moringa oleifera oil was purchased from Pure Life Company for Investment and Agricultural Development,
Giza, Egypt. It was orally given to the experimental animals at a dose level of 2 ml/kg/day (Olatosin et al., 2014)
for eight weeks.
All chemicals used in the present study were of analytical grade and high purity from chemical kits companies,
Egypt.
Animals

Adult male albino rats (Rattus norvegicus), 3 months
old and weighing 120-140g, were obtained from Helwan farm, Cairo, Egypt. They were housed in standard
rat cages under 12/12 hours dark/light cycle at 24±2 ℃.
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Animals were fed a standard commercial pellets diet,
obtained from Egyptian Company of Oil and Soap, Kafr
El-Zayat, Gharbia, Egypt, and were given water ad libitum. Rats were acclimatized for 10 days before starting
the experiments.

according to Aebi (1984) and the level of oxidative stress
marker MDA was estimated according to Ohkawa et al.
(1979). The diagnostic kits for estimation of MDA level
and CAT activity were purchased from Biodiagnostic
Company, Egypt.

Experimental design

Statistical analysis

Forty adult healthy male albino rats were equally divided
into four experimental groups. Group I was served as
control (non-treated group). Group II was orally given
MO oil by gastric tube at a dose level of 2ml/kg/day.
Group III was orally given sofo at a dose level of 36mg/
kg/day by gastric tube. Group IV was orally given sofo,
then after two hours they were orally given MO oil (with
the same doses were given to groups III and II, respectively). All doses were daily given to the rats for eight
weeks.
During the eight weeks of the experiment, daily health
checks of the rats of all groups were observed.

Data were expressed as mean ± standard deviation
(mean ± SD). The significance of differences between
the means was evaluated by using one way analysis of
variance (ANOVA) test with post hoc analysis. Statistical package for social science (SPSS) program, version
20 (Inc., Chicago, USA), was used (Kirkpatrick & Feeney,
2012). The significance was classified into three categories; p < 0.0001, p < 0.001 and p < 0.05 according to the
obtained p values.

Samples collection

At the end of the experiments, rats of all groups were
kept fasting for 12 h, then they were anesthetized by
diethyl ether and sacrificed. Blood samples were withdrawn from the portal vein in plain tubes and left to clot
at room temperature, then were centrifuged at 3000 rpm
for 20 min. The collected sera were stored at—20℃ for
estimation of biochemical analysis. Kidneys were immediately removed after dissection and were fixed in 10%
neutral formalin for 24 h.
Histological preparation

The fixed tissues were dehydrated in ascending series
of ethanol, cleared in two changes of xylene, infiltrated
in three changes of molten paraffin wax (melting point
58–60 ℃) and embedded in molten paraffin. Sections of
4 microns thickness were cut by using rotary microtome
and stained with Ehrlich’s hematoxylin and counterstained with eosin (Lillie & Fulmer, 1976).
Immunohistochemical investigations

For immunohistochemical investigations, 4 microns paraffin sections were stained immunohistochemically for
visualizing cysteine-aspartic protease (caspase-3) and
PCNA positive cells, using suitable antibody in each
staining time (Hsu et al., 1981). The intensity of PCNA
and caspase-3 expression in kidney sections was quantified by using NIH image j software.
Biochemical analysis

Urea and creatinine levels were determined according
to the Quanti Chrom Assay Kit from Bioassay Systems,
Hayward, CA, USA. The activity of CAT was measured

Results
Clinical observations

Both the control and MO oil-treated rats were appeared
to have normal activity and normal adequate food and
water intake. Sofosbuvir-treated rats exhibited general
weakness and loss of appetite. On the other hand, sofoand MO oil-treated rats did not show any abnormality.
Histological observations

Examination of kidney of control rats showed that it
covered externally with a thin layer of fibrous tissue, the
renal capsule. The kidney tissue consists of two parts;
the outer part (the renal cortex) and the inner one (the
medulla). Nephron is the structural and functional unit
of the kidney that consists of different parts including
renal corpuscle, convoluted tubules, loop of Henle and
collecting tubule. The nephron is found completely in
the renal cortex except its loop of Henle and collecting
tubule that found in the medulla.
The renal corpuscle is a rounded structure consists of
glomerulus which is formed of a tuft of blood capillaries surrounded by a cup-like doubled layered structure
named Bowman’s capsule. The external layer (parietal
face) of the capsule forms its outer surface and consists
of a simple squamous epithelium, while the internal layer
(visceral face) consists of modified cells called podocytes
and closely envelopes the glomerular capillaries. Between
the two layers of the capsule there is a urinary space
which is continuous with the lumen of renal tubules.
The convoluted tubules include proximal and distal
ones. The proximal convoluted tubules have a relatively
small lumen and lined with cuboidal cells provided with
prominent brush borders and contain central nuclei. The
distal convoluted tubules have a much wider lumen than
proximal ones and lined with cuboidal cells with apical
nuclei and do not have a brush border (Fig. 1a).
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Fig. 1 Photomicrographs obtained from kidney sections of a control rat showing normal glomerulus (G), Bowman’s capsule (arrow), urinary space
(arrowhead), proximal and distal convoluted tubules (PCT and DCT, respectively), b MO oil-treated rat showing nearly normal renal cortex, (H&E, X
400)

No pathological changes were observed in the kidney of MO oil-treated rats. The renal cortex showed
normal structure of both glomeruli and convoluted
tubules which appeared mostly similar to that of control animals (Fig. 1b).
Microscopic examination of kidney of sofo-treated
animals showed many pathological changes. The renal
corpuscles appeared with variable sizes and Bowman’s
capsules were observed with wrinkles basement membranes. Most of the glomeruli appeared either atrophied (collapsed, without identifiable capillaries) with
widen urinary space or hypertrophied with narrow
urinary space. Some of the renal tubules were degenerated with widen lumen filled with proteinaceous casts.
Some tubular epithelial cells appeared with wrinkles
membrane, vacuolated cytoplasm and pyknotic nuclei.
Erosion of brush borders of some proximal tubules was
also observed (Fig. 2a–c). Moreover, intratubular hemorrhage, congested blood vessels and leukocytic infiltration were observed (Fig. 2d and e).
Histological examination of kidney sections of rats
treated with sofo and MO oil showed an obvious
degree of recovery. The majority of Bowman’s capsules
appeared with regular basement membranes and normal
urinary spaces. Most of the glomeruli appeared healthy
with normal capillary tufts. The lining epithelium of
both proximal and distal tubules appeared mostly normal except few degenerated cells (Fig. 3a and b).
Immunohistochemical investigations
PCNA expression

In kidneys of both control and MO oil-treated animals,
PCNA was expressed as brown color in few nuclei of

glomerular and tubular cells (Fig. 4a and b). There was
nonsignificant difference (1.56 ± 0.18 & 1.81 ± 0.10) in
the percentage areas of PCNA expression between control and MO oil groups, respectively (Fig. 4e). Sofosbuvir-treated animals showed positive PCNA expression in
a large number of the nuclei of glomerular and tubular
cells (Fig. 4c). This group showed significant increase
(11.49 ± 1.01) in the percentage area at p˂0.0001 when
compared with the control group (Fig. 4e). On the other
hand, sofo- and MO oil-treated animals showed decrease
in the number of PCNA positive nuclei (Fig. 4d). In this
group, a significant decrease (3.59 ± 0.54) at p ˂ 0.0001
was recorded in the percentage area of PCNA expression
comparing with sofo group, but still being recorded a significant increase (p ˂ 0.001) comparing with the control
one (Fig. 4e).
Caspase‑3 expression

In both the control and MO oil groups, caspase-3
was expressed as brown color in the cytoplasm of few
glomerular and tubular cells (Fig. 5a and b). Nonsignificant difference (1.45 ± 0.23 & 1.48 ± 0.29) in the
percentage areas of caspase-3 expression was recorded
between the two groups (Fig. 5e). Sections obtained
from sofo-treated animals showed positive caspase-3
expression in the cytoplasm of large number of tubular and glomerular cells (Fig. 5c). A significant increase
(11.84 ± 0.67) at p ˂ 0.0001 was recorded in the percentage area of caspase-3 expression of this group
comparing with the control one (Fig. 5e). On the
other hand, kidney of sofo- and MO oil-treated rats
showed positive caspase-3 expression in the cytoplasm
of few cells (Fig. 5d). This group recorded significant
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Fig. 2 Photomicrographs obtained from kidney sections of sofo-treated rats showing a–c collapsed glomerulus (CG) with widen urinary space,
hypertrophied glomerulus (HG) with narrow urinary space, tubular epithelial cells with vacuolated cytoplasm (arrows), pyknotic nuclei (irregular
arrows) and degenerated tubules with widen lumens (L) contain proteinaceous casts (stars), d and e widen lumens (L) of degenerated tubules,
hemorrhage (H), leukocytic infiltration (LI) and congested blood vessel (CBV), (H&E, X 400)
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Fig. 3 a, b Photomicrographs obtained from kidney sections of sofo- and MO oil-treated rats showing mostly normal Bowman’s capsule (arrow),
urinary space (arrowhead), glomeruli (G) and renal tubules with normal lumens (L), (H&E, X 400)

decrease (3.41 ± 0.42) at p ˂ 0.0001 in the percentage area of caspase-3 expression comparing with sofo
group, but still being recorded significant increase
(p˂0.05) comparing with the control one (Fig. 5e).

Biochemical results
Kidney function markers (urea and creatinine) in serum

Figure 6a and b shows the changes in urea and creatinine levels in sera of the different experimental groups.
In both control and MO oil-treated animals, nonsignificant differences were recorded in the levels of both
urea (16.95 ± 2.43 and 17.19 ± 2.51, respectively) and
creatinine (0.16 ± 0.03 and 0.18 ± 0.05, respectively).
When animals were treated with sofo, a significant
increase (59.70 ± 5.13 and 1.09 ± 0.18) at p < 0.0001
was recorded in urea and creatinine levels, respectively, comparing with the control group, whereas
sofo- and MO oil-treated rats showed significant
decrease (22.91 ± 1.42 and 0.36 ± 0.06) at p < 0.0001
in urea and creatinine levels, respectively, comparing
with sofo group, but still being showed a significant
increase (p < 0.001) comparing with the control group.
Oxidative stress marker, MDA, in serum

Nonsignificant difference (5.90 ± 1.17 and 5.72 ± 0.91)
in MDA levels was recorded in sera of control and MO
oil-treated animals, respectively. Moreover, a significant
increase (28.70 ± 4.39) at p < 0.0001 in MDA level was
recorded in sofo-treated rats when compared with the
control group. On the other hand, when rats were treated
with sofo and MO oil, a significant decrease (9.69 ± 0.44)
at p < 0.0001 in MDA level was recorded comparing with

sofo group, but still being recorded significant increase
(p < 0.05) comparing with the control group (Fig. 6c).
Catalase activity

Figure 6d shows CAT activity in sera of the different
experimental groups. There was non-statistical difference
(42.60 ± 4.84 and 42.50 ± 4.45) between the control and
MO oil-treated groups, respectively. In sofo-treated animals, a significant decrease (13.47 ± 2.73) at p < 0.0001 in
CAT activity was recorded, comparing with the control
group. On the other hand, sofo- and MO oil-treated rats
showed significant increase (35.90 ± 1.98) at p < 0.0001 in
CAT activity comparing with sofo group, but still being
recorded significant decrease (p < 0.001) comparing with
the control group.

Discussion
In the present study, sofo-treated rats showed many
degenerative changes in the renal cortex. These changes
may be attributed to the toxic effect of sofo as a nucleotide inhibitor (ribonucleotide analog). Feng et al. (2016)
reported that all nucleotide inhibitors of HCV are ribonucleotide analogs that inhibit mitochondrial protein
synthesis leading to a corresponding decrease in mitochondrial oxygen consumption in cells which consider
as a valuable evidence to the mechanism for the clinical
toxicity observed with some ribonucleotide analogs.
The cytoplasmic vacuolization that observed in the
present study may be attributed to impairment of mitochondria. This result is concord with explanation of
Miller and Zachary (2017) who reported that the impairment of mitochondria may be led to reduction of ATP
production which causes depletion in Na–K pump leading to accumulation of water inside the cells in order to
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Fig. 4 Photomicrographs obtained from kidney sections of a control rat showing PCNA expression as brown color in few nuclei of glomerular
and tubular cells (arrows), b MO oil-treated rat showing normal PCNA expression (arrows), c sofo-treated rat showing large number of nuclei with
positive PCNA expression (arrows), d sofo- and MO oil-treated rat showing PCNA expression in some nuclei of glomerular and tubular cells (arrows),
(PCNA immunostain, counterstained with hematoxylin, X 400). e The percentage area of PCNA expression in the different experimental groups. (⁎⁎)
p < 0.001 and (⁎⁎⁎) p < 0.0001significant comparing with control group. (a) p < 0.0001 significant comparing with sofo group
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Fig. 5 Photomicrographs obtained from kidney sections of a control rat showing normal caspase-3 expression as brown color in the cytoplasm
of few glomerular and tubular cells (arrows), b MO oil-treated rat showing normal expression of caspase-3 in the cytoplasm of few cells (arrows),
c sofo-treated rat showing caspase-3 expression in the cytoplasm of large number of glomerular and tubular cells (arrows), d sofo- and MO
oil-treated rat showing caspase-3 expression in the cytoplasm of few numbers of glomerular and tubular cells (arrows), (caspase-3 immunostain,
counterstained with hematoxylin, X 400). e The percentage area of caspase-3 expression in the different experimental groups. (⁎⁎) p < 0.001 and
(⁎⁎⁎) p < 0.0001significant comparing with control group. (a) p < 0.0001 significant comparing with sofo group

Mahran et al. The Journal of Basic and Applied Zoology

(2022) 83:16

Page 9 of 12

Fig. 6 Levels of a urea, b creatinine, c MDA and d CAT activity in sera of animals of the different experimental groups. (⁎) p < 0.05, (⁎⁎) p < 0.001 and
(⁎⁎⁎) p < 0.0001significant comparing with control group. (a) p < 0.0001 significant comparing with sofo group

regulate the osmotic pressure. Abdeen et al. (2019) also
attributed the cytoplasmic vacuolization induced by sofo
to the mitochondrial toxicity. Elwan et al. (2018) attributed this pathological feature to the disturbance of cell
membrane function of the renal tubular epithelium that
leads to massive influx of water and Na+ ions inside the
cells.
Sofosbuvir treatment in the present study led to congestion of blood vessels and leukocytic infiltration, which
may be related to a prominent immune response of the
body tissues by movement of fluids and leukocytes from
the blood vessels to the intravascular tissue. This consequently causes concentration of erythrocytes leading to
increase blood viscosity and slow the circulation which
microscopically translated by numerous dilated small
vessels packed with erythrocytes (Mitchell & Cotran,
2003). In agreement with our results, Salem et al. (2017)
and El Gharabawy et al. (2019) reported that sofo treatment induced leukocytic inflammatory cells in the

connective tissue stroma and congested dilated blood
vessels in different organs in rats.
Moreover, the interstitial hemorrhage which observed
in our results may be due to severe interstitial inflammation induced by sofo. The renal interstitial hemorrhage
was explained by Asim et al. (2021) who reported that, in
the severe interstitial inflammation, a significant breach
in the integrity of the walls of the interstitial blood vessels leads to extravasation of red blood cells from the
peri-tubular capillaries resulting in widespread interstitial hemorrhages. Hemolysis of extravasated erythrocytes
released hemoglobin and led to tissue accumulation of
ferric ions which promotes production of iron-derived
hydroxyl radicals leading to promotion of acute kidney injury and generation of a compensatory protective
response (Cleary et al., 2010). Sofosbuvir treatment also
caused hypercellularity, vascular dilation and extravasation of blood in cerebral cortex of rats that result in
impairment or loss of neural function (Issa & El-Sherif,
2017).
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Concerning the immunohistochemical observation, in
the current study, sofo treatment increased PCNA and
caspase-3 expressions which may be attributed to the
mitochondrial damage resulted from the oxidative stress
induced by sofo. This suggestion is concord with Sara
et al. (2016) who found that the increased ROS induced
mitochondrial disturbance which translated by their
swelling and increasing permeability as well as elevation of caspase-3 expression causing apoptosis. Moreover, ROS increase pro-inflammatory cytokines leading to
activation of caspase-3 which moderates inflammatory
response and apoptosis (Refaie et al., 2017). Increased
caspase activity was reported to be associated with cellular damage which occurs in a number of diseases (Lavrik
et al., 2005). Reactive oxygen species are considered the
important signaling molecules which may influence cell
proliferation, cell death (either apoptosis or necrosis) and
gene expression (Genestra, 2007). In agreement with the
present results, Elghazouly and Yassien (2021) reported
that sofo caused marked increase in PCNA expression
in rats. Expression of PCNA may be transiently accumulated at site of DNA damage (Essers et al., 2005).
In the current study, sofo treatment increased urea,
creatinine and MDA levels and decreased CAT activity.
These results may be attributed to the oxidative stress
mediated by sofo. Excessive ROS increased urea and creatinine levels and reduced the renal antioxidant capacity,
so the kidney became more susceptible to oxidative damage (Hussein et al., 2020; Elmansy et al., 2021). Increased
urea and creatinine levels in serum are recognized as biomarkers for chronic kidney damage (Nisha et al., 2017).
Similarly, Mohamed et al. (2021) found that sofo-induced
acute kidney injury was confirmed by elevation in urea
and creatinine levels in sera of rats.
In the present study, when MO oil was given only to
the rats, it did not cause any histopathological, immunohistochemical and biochemical changes. Similar results
were confirmed by Abarikwu et al. (2017) and Edeogu
et al. (2019) in kidney and by Mahran et al. (2021) in liver
of rats.
When MO oil was co-administered with sofo, in
the current study, an obvious degree of recovery was
observed. Both glomeruli and renal tubules appeared
nearly similar to the control ones. This improvement may
be attributed to the bioactive components of MO oil.
Mohamed et al. (2020) attributed the protective effect of
MO to its antioxidants, free radical scavenging abilities
and anti-inflammatory effects. The anti-inflammatory
effect of MO oil was attributed to tocopherols and sterols contents which is effective against pro-inflammatory
cytokines production (Adeyi et al., 2021; Edeogu et al.,
2019). The improving role of MO oil may be also attributed to its natural antioxidant components; phenolics
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and carotenoids or to vitamins E and C contents which
are actively boosting the immunity of cells in order to
prevent or fight against oxidative stress and increase
renal repair and regeneration potential (Gasmalbari et al.,
2020; Omotoso et al., 2019).
In the present study, when MO oil was co-administered
with sofo, it ameliorated caspase-3 and PCNA expressions. This ameliorative effect may be attributed to tocopherols and fatty acids (oleic and linoleic) contents in
MO oil. Famurewa et al. (2019) reported that MO oil
blocked caspase-3 activation signaling by its antioxidant
effect. Reducing the high activity of caspase-3 may be due
to tocopherols and sterols contents of MO oil which have
anti-apoptotic effects (Edeogu et al., 2019). Abdel-Daim
et al. (2020) found that MO reduced the elevated caspase-3 expression and amended the oxidative status by
restoring the activity of antioxidant molecules and lowering the levels of pro-oxidant molecules in the kidney tissue. Moringa oleifera also ameliorated PCNA expression
in rats after monosodium glutamate-induced hepatic toxicity (Albrahim & Binobead, 2018) and after electromagnetic radiation-induced testicular damage (Bin-Meferij &
El-Kott, 2015).
In the current study, when MO oil was co-administered
with sofo, it ameliorated urea, creatinine and MDA levels
and CAT activity. These biochemical improvements were
confirmed by the observed improvement of the kidney
structure, which could be attributed to the antioxidant
potential of the essential components of MO oil. Moringa oleifera oil’s tocopherols and unsaturated fatty acids
(oleic and linoleic) helped to reduce MDA level by scavenging free radicals and inhibiting the chain reaction of
lipid peroxidation reducing oxidative stress damage (AlSaid et al., 2012; Nafiu, et al., 2019). Recently, Adeyi et al.
(2021) found that MO ameliorated MDA level and CAT
activity and attributed these results to the presence of
electron-donating phytochemicals (phenolic acids, flavonoids, eugenol and tannins) which have anti-ROS effects.

Conclusions
Moringa oleifera oil improved the nephrotoxicity induced
by sofo via improving the histopathological, immunohistochemical and biochemical changes due to its richness
with different antioxidant, anti-inflammatory and antiapoptotic components.
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