© Aluna Publishing

wes) Wiadomosci Lekarskie Medical Advances, VOLUME LXXVIII, ISSUE 10, OCTOBER 2025

ORIGINAL ARTICLE

CONTENTS

Protective effects of coenzyme Q10 in renal ischemia
reperfusion injury via regulation of Notch-1

Manar H. Mohammed', Fadhil A. Rizij?
'DEPARTMENT OF BASIC SCIENCES, FACULTY OF DENTISTRY, UNIVERSITY OF KUFA, AL NAJAF AL-ASHRAF, IRAQ
2DEPARTMENT OF PHARMACOLOGY, FACULTY OF PHARMACY, UNIVERSITY OF KUFA, AL NAJAF AL-ASHRAF, IRAQ

ABSTRACT

Aim: To evaluate nephroprotective effects of coenzyme Q10 in rats with renal ischemia -reperfusion injury by action on Notch-1 pathway.

Materials and Methods: Twenty eight Wistar albino male rats were divided randomly into four groups (each group include seven rats): first one named
sham group ( just laparotomy, no induction of ischemia), second one named control group (30 min. ischemia/ 2 hours reperfusion), third one named olive
oil group (rats injected intraperitoneally. with 0.1 ml olive oil once daily for 2 days, 1 hour after the administration of olive oil in 3 day renal ischemia was
induced), fourth one named Coenzyme Q10 group (rats injected with Coenzyme Q10 (10 mg/kg) intraperitoneally. once daily for 2 days, 1 hour after the
administration of Coenzyme Q10 in 3 day renal ischemia was induced). Kidneys were harvested after 2 hours of reperfusion for assessment of kidney injury
molecule-1, interleukin 1 B, TNF a, F2 Isoprostane, glutathione, and caspase 3 by ELISA technique, Notch-1, Jagged-1 mRNA level were assessed by reverse
transcription-polymerase chain reaction.

Results: Coenzyme Q10 significantly ameliorated renal ischemia -reperfusion injury as evidenced by the significant reduction of kidney injury molecule-1,
interleukin 1B, TNF a, F2 Isoprostane, and caspase 3 in rat kidneys pretreated with Coenzyme Q10, glutathione level was significantly elevated in rat kidneys
pretreated with Coenzyme Q10. Notch-1 and Jagged-1 mRNA expression were significantly decreased compared to control group.

Condusions: Coenzyme Q10 provide nephroprotection against renal ischemia reperfusion injury owing to its antioxidant, anti-inflammatory, and anti-apoptotic
properties, those effects may be linked to the downregulation of Notch-1and Jagged-1.
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ABBREVIATIONS

RIRI - Renal Ischemia Reperfusion Injury

AKI - Acute Kidney Injury

DGF - Delayed Graft Function

ROS - Reactive Oxygen Species

MAM - Mastermind Transcription Facto

NICD - Notch Intracellular Domain

Hes - Hairy and enhancer of split

Hey - Hairy/enhancer-of-split linked with YRPW motif
NF-kB - Nuclear Factor kappa B

ELISA - Enzyme linked immunosorbent assay

INTRODUCTION

Renal ischemia reperfusion injury (RIRI) considered
one of the main causes for AKI [1]. During renal trans-
plantation, RIRI is an unavoidable event that causes
delayed graft function (DGF), which leads to the loss
of essential kidney parenchyma and primes adaptive
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immune responses that trigger rejection, ultimately
culminating in graft loss [2]. The process of reperfusion
in an ischemic kidney exacerbates the oxidative and
inflammatory condition leading to DNA and protein
damage which finally results in necrosis and apoptosis.
The production of pro-inflammatory mediators, acti-
vation of apoptotic genes, release of reactive oxygen
species (ROS), and calcium excess are the underlying
pathophysiological mechanisms [3-4]. The Notch sig-
naling pathway is a highly conserved regulatory path-
way that exists in all mammalian cells and originated
in Drosophila melanogaster. It is critical for a range
of functions, including embryonic development and
postnatal tissue homeostasis [5]. It is a key regulator of
essential developmental processes such lateral inhibi-
tion, lineage decision, and border creation, as well as
homeostasis and regeneration in adult tissues [6]. The
notch receptors are four in mammals (notch1-notch4)
with five notch ligands [Jagged-1, Jagged-2, Delta-like 1
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(DLL1), DLL3, and DLL4] [7]. Both the receptor as well as
its ligands are transmembrane proteins with abundant
extracellular domains. Upon ligand binding to the re-
ceptor, a conformational change in the receptor occurs
which leads to two successive proteolytic cleavages
which result in the release of the intracellular domain
(NICD) that translocate into the nucleus and binds to c
and the coactivator protein Mastermind transcription
factor (MAM) to form a ternary transactivation complex
which activates the transcription of notch target genes
[8]. The two families of transcriptional factors Hairy
and enhancer of split (Hes), which includes HES1 and
HESS5, and Hairy/enhancer-of-split linked with YRPW
motif (Hey), which includes HEY one(HEY1) and HEY
two(HEY2), which are the main target genes for Notch
[9]. Regardless of CSL, NICD has the ability to engage
with the mTORC, NF-kB, AKT, PTEN, or Wnt signaling
pathways within the cytoplasm and/or nucleus to con-
trol the expression of target genes [10-12]. Although
Notch signaling is significantly diminished in the adult
kidney, both acute and chronic renal injury have been
shown to cause Notch to reactivate [13]. In a study of
renal IRlinduced in rats, Notch2 and hes-1 was found to
be upregulated along with NF-kB2, MCP-1 in addition to
apoptosis enhancement [14]. Coenzyme Q10 (CoQ10),
sometimes known as ubiquinone or ubidecarenone,
is a fat-soluble chemical that resembles vitamin A and
is necessary for the transfer of electrons during the
oxidative phosphorylation of mitochondria. It serves
as an electron transporter between the cytochrome
systems and the NADH and succinate dehydrogenas-
es [15] CoQ10 functions as a potent antioxidant that
scavenges free radicals, prevents lipid peroxidation in
cellular membranes, and promotes the regeneration of
tocopherol [16]. It is utilized as a dietary supplement
and as a co-therapy alongside medication for various
diseases such as diabetes, cancer, muscular neurode-
generative disorders, and cardiovascular diseases [17].
The antioxidant and anti-inflammatory effects of CoQ10
was documented in a study of acute nephrotoxicity
induced by cisplatin in rats in which CoQ10 decreased
the expression of inducible nitric oxide synthase,
caspase-3, NF-kB and p53 in renal tissue [18]. In renal
IRlinduced in rats, CoQ10 pretreatment for seven days
at a dose of 10 mg/kg administered intraperitoneally
could considerably lower tissue oxidative stress levels
as well as histopathology scores and apoptosis [19],
furthermore, Liu et al. stated that CoQ10 nanoparticles
enveloped with neutrophil membrane (N-NPCoQ10)
treatment significantly improved renal function by
decreasing oxidative damage, reducing apoptosis of
renal cell, and inhibiting inflammatory responsein renal
I/R injury mouse model [20], so, the effect of COQ10 in
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renal ischemia reperfusion injury is still to be elucidated
in addition to the molecular pathways by which these
effects are mediated. The present study aims to inves-
tigate the potential nephroprotective effects of CoQ10
in renal ischemia reperfusion injury for rat model in
addition to evaluate the possible role of notch pathway
in initiating of these effects.

MATERIALS AND METHODS

ANIMAL PREPARATION AND ETHICAL
CONSIDERATIONS

The study was conducted on twenty-eight Wistar albino
male rats aged (22-24 weeks), weight range 250-300 g.
Animals were kept in the animal house at controlled
temperature of 25 + 2°C and humidity of 60-65% with
12 hrs dark/light cycle, they had free access to water
and standard libithium food.

STUDY DESIGN

After two weeks of acclimatization, the rats were allo-
cated into four groups as follows, (seven rats in each
group):

Group 1: Sham group in which rats underwent anes-
thesia and surgery without induction of renal ischemia.

Group 2: control group in which rats underwent 30
minutes of bilateral renal pedicles clumping to induce
renal ischemia followed by reperfusion for two hours

Group 3: Olive oil vehicle group in which rats were
injected intraperitoneally (i.p) with 0.1 ml olive oil which
is a sufficient volume to dissolve the required doses of
c0q10. Olive oil was administered once daily for 2 days,
1 hour after the administration of olive oil in the third
day renal ischemia was induced for 30 minutes followed
by two hours of reperfusion.

Group 4: CoQ10 treatment group in which rats were
injected with coq10 (10 mg/kg) dissolved in 0.1 ml
olive oil i.p. [21] once daily for 2 days, 1 hour after the
administration of coq10in the third day renal ischemia
was induced for 30 minutes followed by two hours of
reperfusion.

INDUCTION OF BILATERAL RENAL ISCHEMIA
REPERFUSION INJURY

An intraperitoneal injection of mixed solution of xyla-
zine 10mg/kg and ketamine 100mg/kg was used to
anesthetize the rats [22], then they were kept in cages at
constant temperature to avoid hypothermia. When loss
of righting reflex is confirmed, the rats were positioned
on their back with the limbs, and tail being fixed with
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stickers to ensure their stability during surgery following
a midline laparotomy incision, the intestine was retract-
ed and both abdominal cavity and renal pedicles were
exposed [23]. The renal pedicles were thenisolated, and
non-traumatic microvascular clamps were placed around
the renal pedicles. The kidney color changed fromred to
dark purple over one to two minutes which confirmed
ischemia. After thirty minutes the clamps were removed
and renal blood flow was restored to start the reperfu-
sion phase. The abdominal incision was closed by 3/0
silk suture. After two hours of reperfusion, the rats were
anesthetized again and both kidneys were removed.The
rats were euthanized by an overdose of ketamine. The left
kidney was stored in liquid nitrogen for determination
of the experiment parameters.

ASSESSMENT OF TISSUE KIM-1, IL-1B, TNF A,
F2 ISOPROSTANE, GSH, AND CASPASE 3

After the left kidney of each rat was removed, it was
washed with cold normal saline to remove any remaining
blood clots. Then it was dissected into two halves. One
half subjected to homogenization by applying ultrasonic
liquid processor of high-intensity ina 1 to 10 (weight by
volume) phosphate-buffered saline dilution including
a protease inhibitor cocktail and 1% Triton X-100 [24].
Centrifugation at 4°C for 15 minutes at 22,132 X g was
then made for this homogenate. The homogenate was
then. The supernatant was then collected and divided

Fig. 1. Error bar chart showing the difference in mean £SEM values of
KIM-1 renal tissue concentration (pg/mL), no. of animals in each group
=7, **p< 0.01, ***p< 0.001, non-significant difference

Source: Own materials

in Eppendorf tubes for further analysis of KIM-1, IL1p,
TNFa, caspase3 and F2 Isoprostane by ELISA technique.

DETECTION OF MRNA EXPRESSION FOR
BOTH JAGGED1 AND NOTCH1 BY RT-PCR

To effectively assess the expression level of Notch-1
and Jagged-1 mRNA, we utilized the powerful tech-

Fig. 2 Error bar chart showing the difference in mean = SEM values of (A): IL1p renal tissue concentration (pg/mL), (B): TNFa renal tissue concentra-

tion, no. of animals in each group =7, **p<0.01, ***p<0.001.
Source: Own materials
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Fig. 3. Error bar chart showing the difference in mean £SEM values of
GSH renal tissue concentration (pg/mL), no. of animals in each group=7,
**p<0.01, ***p< 0.001

Source: Own materials

Fig. 4. Error bar chart showing the difference in mean £SEM values of
F2 Isoprostane renal tissue concentration (pg/mL), no. of animals in each
group=7, **p<0.01, ***p< 0.001.

Source: Own materials

nique of gRT-PCR. Initially, total RNA was accurately
extracted using “Easy-spin™ (DNA free) total RNA
extraction Kit" This high-quality total RNA was then
expertly reverse-transcribed into cDNA with the help
of “AddScript cDNA Synthesis Kit”. For the quantitative
real-time PCR, we employed the robust GoTaq” RT-qPCR
System ensuring the most reliable results. According
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Fig 5. A comparison of Caspase-3 among study groups
**p<0.01, ***p<0.001.
Source: Own materials

to the instruction of GoTaqg’ RT-gPCR System, Hot-start
activation was performed at 95°C for 5 min for 1 cycle,
followed by 40 cycles of 10 s of denaturation at 95°C,
then 40 cycles of 30 s at 60°C of annealing and 40 cycles
of 30 s of extension at 72°C and finally one cycle of 2 min
of dissociation at 72°C and specific primers: Notch1 for:
CACCCATGACCACTACCCAGTT, Notch-1 rev: CCTCGGAC-
CAATCAGAGATGTT, Jagged1 for: AACTGGTACCGGTGC-
GAA , Jagged-1 rev: TGATGCAAGATCTCCCTGAAAC[25]
and GAPDH for: ATGACTCTACCCACGGCAAG, GAPDH
rev. :CTGGAAGATGGTGATGGGTT [26].

STATISTICAL ANALYSIS

To perform the statistical analysis of current study Graph
Pad Prism version 8 software was used. Parametric vari-
ables were tested using the one-way ANOVA test with
multiple comparisons between groups being made by
selected Post Hoc test.

RESULTS

COQ10 TREATMENT REDUCES KIM-1 LEVEL
IN RAT RENAL TISSUE AFTER RENAL I/R:

KIM-1 renal tissue level was significantly (p < 0.001)
elevated after renal ischemia /reperfusion (renal I/R)
in comparison with sham group. Interestingly, this
elevation was attenuated by COQ10 pretreatment in
a dose of (10 mg/kg) i.p., however, COQ10 treatment
group showed significant (p < 0.001) difference when
compared to sham group (Fig. 1).



Protective effects of coenzyme Q10 in renal ischemia reperfusion injury via regulation of Notch-1

Fig. 6. Error bar chart showing the difference in mean £SEM values of A: Notch-1 mRNA expression level in renal tissue, B: Jagged-1 mRNA expres-

sion level in renal tissue, no. of animals in each group=7
**p<0.01, ***p<0.001
Source: Own materials

COQ10 TREATMENT REDUCES
INFLAMMATORY MARKERS IL-1B AND TNFA
IN RAT RENAL TISSUE AFTER RENAL I/R

After renal I/R the renal tissue concentration of both IL-13
and TNFa in rats were significantly (p< 0.001) elevated,
COQ10 pretreatment in a dose of (10 mg/kg) i.p. Signifi-
cantly (p< 0.001) ameliorated the levels of both markers,
however, COQ10 treatment group was still significantly (p <
0.001) elevated when compared to sham group (Fig. 2A-B).

COQ10 TREATMENT AMELIORATES GSH
LEVELS IN RATS'RENAL TISSUE AFTER
RENAL I/R:

Notably, I/R significantly (p< 0.001) reduced GSH levelin
rat renal tissue relative to sham group. COQ10 pretreat-
ment in a dose of (10 mg/kg) i.p. caused considerable
(p< 0.001) elevation in GSH renal tissue concentration
in comparison with control group (Fig. 3).

COQ10TREATMENT REDUCES F2
ISOPROSTANE LEVELS IN RATS’ RENAL
TISSUE AFTER RENAL I/R

Based on the results of ANOVA as shown in figure 4, the oxi-
dative marker F2 Isoprostane renal tissue concentration was
significantly (p<0.001) lower in sham group when compared
to control group. However, CoQ10 treatment group was

significantly (p<0.001) lower than control group, but it was
still significantly (p<0.001) higher, than sham group (Fig. 4).

COQ10 TREATMENT REDUCES CASPASE-3
LEVELS IN RATS'RENAL TISSUE AFTER
RENAL I/R

Asindicatedin figure 5, renal I/R significantly (p<0.001)
increased caspase-3 renal tissue concentration while
COQ10 pretreatment in a dose of 10 mg/kg i.p. signifi-
cantly (p<0.001) attenuated this increase, but it was still
significantly (p<0.001) higher than sham group (Fig 5).

COQ10 TREATMENT ATTENUATES NOTCH-1
AND JAGGED-1 MRNA EXPRESSION IN RAT'S
RENAL TISSUE AFTER RENAL I/R

Both Notch-1 and its ligand Jagged-1 mRNA expression
were significantly (p<0.001) elevated in rats renal tissue
after I/R, this elevation was significantly (p<0.001) at-
tenuated by COQ10 pretreatment in a dose of 10mg/
kg i.p. (Fig. 6A-B).

DISCUSSION

Many molecular pathways have been suggested to
mediate the pathogenic processes which ultimately
lead to cellular damage that is associated with renal IRI.
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In addition, Fundamental research has revealed several
targets that could potentially slow the advancement of
kidney disease. However, only a limited number of these
encouraging findings have been successfully replicated
in clinical trials, and they still do not offer a significant
alternative to dialysis or transplantation. So, there is an
urgent requirement to further elucidate the develop-
ment of molecular mechanisms underlying renal I/R
injury as well as exploring new therapeutic targets that
can mitigate the outcomes of this pathologic condition.
In this study, we evaluated the nephroprotective effects
of COQ10 against renal IRl and the relation of Notch
signalling pathway in mediating these effects. The cur-
rent study revealed significant elevation in renal tissue
level of KIM-1 after renal I/R Because KIM-1 is not found
in healthy renal tissue and is exclusively expressed in
damaged proximal tubules, it serves as a highly sensi-
tive, specific, and precise early indicator of renal tubular
injury [27], which confirms the success of IRl model of
this study. COQ10 pretreatment caused considerable
reduction in KIM-1 renal tissue level in comparison
with control group and olive oil vehicle groups which
suggests that COQ10 confers protection against renal
tissue damage. The decline in KIM-1 level with COQ10
treatment could be due to the antioxidative effects of
COQ10 since it can lower the expression of reactive
oxygen species (ROS) in damaged cells, decrease mito-
chondrial depolarization, and improve mitochondrial
ATP levels, also, it can boost mitochondrial function,
improve cell survival, and decrease apoptosis [28]. IL1[3
and TNFa were both significantly elevated in control
group comparison with sham which confirms the role
of the inflammatory response in renal ischemia/reperfu-
sion (I/R) injury. It has become evident that a significant
portion of the damage that occurs after renal I/R is due
to mitochondrial oxidative stress and the presence
of reactive oxygen species (ROS) during reperfusion.
These ROS, which include superoxide, peroxynitrite,
and hydrogen peroxide (H2020) trigger the activation
of inflammatory cells which result in the release of
interleukins (ILs), tumor necrosis factor (TNF-a), and
various other inflammatory mediators [29-30] COQ10
pretreatment considerably attenuated the increase in
both IL1B and TNFa that is induced by renal I/R. This
effect of CoQ10 can be linked to its strong anti-oxidative
properties which can block the activation of the NF-B
signaling pathway that triggers the expression of the
TNF- a and iNOS genes [31]. Glutathione (GSH) which
is an intracellular antioxidant has been demonstrated
to quickly recognize and interact specifically with hy-
droxyl radicals (OH-), which are the most reactive types
of reactive oxygen species (ROS). Additionally, GSH
detoxifies hydrogen peroxide (H,0,) and lipid perox-

2106

ides through the activity of GSH-Px, safeguarding cell
membranes from lipid oxidation [32]. The present study
showed significant reduction in GSH levels after renal
I/R.This reflects the depletion of the tissue antioxidative
capacity due the production of huge amounts of ROS
during the reperfusion phase as a result of the defectin
mitochondrial electron transport chain [33]. The present
study comes in line with another study conducted to
evaluate the nephroprotective effects of curcumin in
renal IRl which have shown the reduction in GSH level
in serum after clipping the left renal artery for 45min
and then reperfusion for 24h [34]. COQ10 pretreatment
on the other hand caused significant elevation in GSH
level which affirms its antioxidant properties apart
from its role in the respiratory chain. Another marker
of oxidative stress was evaluated in this study which is
F2-isoprostane.itis generated through a non-enzymat-
ic process, resulting from the powerful peroxidation of
arachidonic acid driven by free radicals. In the present
study renal tissue concentration of F2-isoprostane was
considerably elevated after renal I/R. this elevation was
significantly ameliorated by COQ10 pretreatment. This
effect could be attributed to the fact that CoQ10 is not
only a strong antioxidant but also plays a crucial role in
preventing the formation of reactive oxygen species. It
helps to eliminate lipid peroxidation byproducts during
reactions with free radicals, reduces excessive nitric ox-
ide production, and protects tissues from nitrative stress
[35]. Apoptosis, often referred to as programmed cell
death, plays an important role in renal ischemia-reper-
fusion injury (RIRI). Caspase-3 is considered one of the
key proteins involved in the apoptotic process which is
activated in the final common pathway of both intrinsic
and extrinsic apoptosis [36]. our study demonstrated
significantincrease in caspase-3 renal tissue concentra-
tion after renal I/R which come in line with other studies
that showed caspase-3 to be upregulated in the early
stages of renal I/R injury which strengthen the evidence
that apoptosis is activated and might play a role in
the pathogenesis of renal I/R injury [37]. COQ10 pre-
treatment on the other hand resulted in considerable
reduction of caspase-3 renal tissue levels confirming
the anti-apoptotic effects of COQ10[19]. To investigate
the relation between COQ10 nephroprotective effects
and Notch-1 molecular pathway, we evaluated ligand
Jagged-1 mRNA expression and Notch-1 in all study
groups. Jagged-1 mRNA expression and Notch-1 were
noticeably elevated after renal I/R. Notch signaling plays
an essential role in the development and segmentation
of nephrons and has been associated with kidney disor-
ders [38]. Studies in mouse models have indicated that
in adult mice, Notch signaling can be detrimental, re-
sulting in abnormal podocyte differentiation, cell death,
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and eventually kidney failure [39]. The upregulation of
Notch-1 and its ligand along with the other inflamma-
tory, oxidative and apoptotic parameters in the present
study might provide further evidence about the detri-
mental effects of Notch-1 signaling pathway in renal
I/R injury. Interestingly COQ10 pretreatment caused
significantamelioration of Notch-1 and Jagged-1 mRNA
expression in renal tissues after renal I/R. The present
study considered to be novel for assessment the effect
of COQ10 pretreatment on Notch-1 and its ligand Jag-
ged-1 m RNA expression after renal I/R in rats showing
possible correlation between COQ10 nephroprotective
effects and Notch-1 regulation in renal I/R injury. A num-
ber of previous studies have shown cross talks between
Notch-1 signaling and oxidative stress pathways [40].
By reducing oxidative harm, CoQ10 may help stabilize
Notch-1 signaling and avert its disruption in addition

to enhancing mitochondrial performance with CoQ10
supplementation could aid in maintaining healthy
Notch-1 signaling, especially in high-energy-demand
tissues like the kidney.

CONCLUSIONS

The findings of the present study may add further
evidence about the role of inflammation, oxidative
stress and apoptosis in the pathogenesis of renal I/R
injury suggesting the involvement of Notch-1 signaling
pathway in mediating these effects. COQ10 may have
protective effects in renal ischemia reperfusion injury
due to its anti-inflammatory, anti-oxidative and anti-
apoptotic effects. In addition, COQ10 protective effects
were associated with downregulation of Notch-1 and
its ligand Jagged-1.
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