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Abstract: Objectives: The significant correlation between acute myocardial infarction and subsequent hepatore-
nal dysfunction could result in a higher mortality rate in patients. The study aimed to evaluate the effect and 
mechanisms of coenzyme-Q10 (Q10) administration on hepatorenal dysfunction in an isoprenaline (ISO)-induced 
myocardial infarction model in rats. Materials and Methods: Twenty male rats were assigned into four groups (n = 
5). Groups 1-2 were administered intraperitoneally with normal saline, groups 3-4 were pretreated with Q10 (10 
mg/kg, i.p.) for 28 days, and groups 2 and 4 received ISO (200 mg/kg, i.p.) on the last two days. Body, kidney, and 
liver weights, antioxidants and biochemical biomarkers, and histopathological investigation of the liver and kidney 
tissues were performed. Results: The administration of ISO significantly (P < 0.05) increased oxidative stress and 
altered the liver and renal function integrity and morphology. Pretreatment with Q10 demonstrated a protective 
effect against biochemical and histological alterations through significantly enhanced antioxidant actions, notably 
increasing the levels of superoxide dismutase, catalase, glutathione, and glutathione transferase; reduced liver en-
zymes (aspartate transaminase, aspartate aminotransferase, alkaline phosphatase, and lactate dehydrogenase), 
decreased urea and creatinine concentrations and reduced the gravity of histomorphological changes in hepatic 
and renal tissues of ISO treated rats. Conclusion: Overall, our result suggests that Q10 confers hepatic and renal 
protection against ISO-induced hepatorenal dysfunction accompanying myocardial infarction through its antioxidant 
effects and amelioration of fibrotic changes. 
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Introduction

Cardiovascular diseases such as myocardial 
infarction (MI) are a major public health con-
cern that puts human health at risk. Synthetic 
catecholamines such as isoprenaline (ISO), a 
β-adrenergic agonist, promote extreme stress 
in cardiac cells, leading to necrosis that mimics 
MI in humans [1, 2]. It has been recognized for 
many years that the heart, kidneys and liver are 
intrinsically interconnected [3]. The hepatore-
nal system describes the interaction between 
the liver and the kidneys in regulating various 

metabolic and physiological body functions [4]. 
In principle, the dysfunction of an organ may 
aggravate the malfunctioning of other organs 
under pathological conditions [5].

Hypothetically, blood congestion from an ineffi-
cient cardiac pump would result in blood pres-
sure building up in the central vein connected 
to the kidney and consequently congesting the 
microvasculature of the kidney [6]. The effects 
of MI on kidney function and systemic circula-
tion can be mediated through three main me- 
chanisms: increased peripheral vascular resis-

http://www.ijppp.org
https://doi.org/10.62347/PFXZ9903


Hepatorenal protective effect of coenzyme-Q10

127 Int J Physiol Pathophysiol Pharmacol 2024;16(6):126-137

tance, modulation of the renin-angiotensin-
aldosterone system, and direct impacts on 
renal function. For example, ISO inhibits renin 
secretion by blocking beta-adrenergic recep-
tors, affecting aldosterone production and 
altering sodium, potassium, and water regula-
tion in the kidneys [6]. This disruption raises 
blood pressure and renal blood flow, while 
reduced renin pathway activation is linked to 
renal impairment. Consequently, ISO-induced 
MI can result in elevated blood pressure and 
hepatic circulatory overload, triggering the 
release of markers indicative of renal impair-
ment and portal hypertension, which further 
compounds organ damage [7, 8]. Similarly, 
acute circulatory failure following MI is associ-
ated with cardiogenic liver damage [7]. Since 
the liver is a highly vascular organ, the detri-
mental consequences of MI on the liver are 
multifactorial, including reduced blood flow to 
the liver, elevated hepatic vein pressure, and 
reduced arterial saturation [7, 8]. As a result, 
MI patients develop manifestations of liver  
dysfunctions [9]. Liver cells contain enzymes 
released into the blood during several patho-
logical conditions [10]. Markers of hepatic dys-
function such as gamma-glutamyl transferase, 
aspartate transaminase (ALT), alkaline phos-
phatase (ALP), aspartate aminotransferase 
(AST), and alanine transaminase are also em- 
ployed as indicators of cardiovascular risk [11].

Another critical predictor of mortality in MI 
patients is renal function, and consequently, 
the importance of renal function impairment 
for cardiovascular prognosis after MI has been 
investigated [12, 13]. Heart pump failure lead-
ing to volume retention by the kidneys, previ-
ously believed to be the primary pathophysio-
logical basis of cardiorenal syndrome, is now 
considered only a portion of a very complex 
phenomenon. Several bodily functions may aid 
this pathologic constellation in a coordinated 
sequence of events [12]. As stated, oxidative 
stress is a significant etiopathological element 
in ISO-induced myocardial necrosis. It is typi-
cally linked to an increase in the generation of 
reactive oxygen and nitrogen species (ROS/
RNS), which is crucial in cardiac physiology and 
pathology [14-16]. High levels of oxidative 
stress incite necrosis or apoptosis in cells, 
resulting in tissue damage. Notably, free radi-
cal-induced myocardial injury is often associat-
ed with elevated ROS levels and inadequate 

antioxidant defense mechanisms [17]. Repor- 
tedly, oxidative stress is also a known patho-
logical factor in initiating and progressing vari-
ous hepatorenal diseases [2, 18-20].

Currently, no specific drugs exist for these  
complex conditions. Treatment involves sup-
portive care, including intravenous fluid rehy-
dration, antibiotics for infections, vasoconstric-
tors to enhance kidney blood flow, hemodialysis, 
and organ transplant [6, 8]. However, over time, 
various antioxidants and their supplementa-
tions have exhibited significant efficacy in ame-
liorating several debilitating diseases [21-23]. 
Coenzyme-Q10 (Q10) is a naturally occurring 
antioxidant synthesized in living organisms 
[24]. The “Q” signifies the quinone group, and 
“10” refers to the sum of isoprenyl units in its 
tail end (1,4-benzoquinone). It is present pri-
marily in mitochondria-abundant, high energy-
demanding organs such as the liver, kidney, 
and heart [24]. Additionally, it is found in all bio-
logical membranes. It is a vital component of 
the mitochondrial electron transport chain  
necessary for adenosine triphosphate (ATP) 
generation and control of redox reaction [25]. 
Remarkably, Q10 preserves cell function ag- 
ainst oxidative stress due to its observed free 
radical scavenging activity, aiding the mainte-
nance of the mitochondrial membrane poten-
tial and preventing macromolecule oxidation 
and DNA damage [25]. The antioxidant potency 
of Q10 has been evidenced against oxidative 
damage to the liver and kidneys prompted by 
oxytetracycline [26], paracetamol [27], piroxi-
cam [25], mercuric chloride [28], carbofuran 
[29] and ischemia reperfusion-induced apopto-
sis and oxidative stress [30]. Therefore, consid-
ering the antioxidant potential of Q10 via sup-
pressing ROS and promoting cellular antioxidant 
capacity at the mitochondria and cytoplasmic 
levels, we anticipated that its administration 
might mitigate oxidative stress and also en- 
hance tissue remodelling of the frequent sec-
ondary impact of heart failure, which is liver 
and renal dysfunction. The biochemical and 
histopathological assessments of the liver and 
the kidneys in MI and the protective effects of 
Q10 on hepatorenal dysfunction caused by MI 
have not been investigated. Thus, this study 
evaluated the protective effects of Q10 pre-
treatment on liver and renal injury after iso-
prenaline-induced MI in rats.
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Materials and methods

Drugs and chemicals

Isoprenaline and Q10 were obtained from 
Sigma Aldrich, USA. Chemicals included thio-
barbituric acid (TBA) (Sigma Aldrich, USA), 
5,5’-dithiobis-(2-nitrobenzoic acid) (Ellman’s re- 
agent), reduced glutathione (GSH) (J.I. Baker, 
USA) and trichloracetic acid (TCA) (J.I. Baker, 
USA). DCI Diagnostics (Budapest, Hungary) pro-
vided the ALT, AST, ALP, urea and creatinine 
assay kits. The sodium hydroxide came from 
Merck in Germany. All other substances and 
reagents were of analytical grades. The doses 
of isoprenaline [31] and Q10 [32] were chosen 
based on data from previous reports.

Animals

Twenty (20) male Wistar rats weighing 120-200 
g were used. Animals were acquired from the 
central animal facility of the Faculty of Basic 
Medical Sciences, College of Medicine, Delta 
State University, Abraka. Two weeks before the 
start of the experiment, the rats were housed 
and acclimatized to the environmental condi-
tions (25 ± 2°C; 35 to 60%) in a 12-hour light-
dark cycle. They were given standard rat pellets 
and water ad libitum. The care and handling of 
experimental animals were in accordance with 
the National Institutes of Health Guide for the 
Care and Use of Laboratory Animals guidelines 
set by the ethical committee of the Faculty of 
Basic Medical Sciences, Delta State Univer- 
sity, Abraka (ethical approval no: RBC/FBMC/
DELSU/23/175).

Experimental design

Twenty (20) male Wistar rats were randomly 
allocated into four treatment groups of 5 rats 
each as follows: Group 1 (normal control) rats 
were given distilled water for 28 days and nor-
mal saline (i.p.) on days 26 and 27. Group 2 (ne- 
gative control) rats were given distilled water 
for 28 days and ISO (200 mg/kg, i.p.) on days 
26 and 27. Group 3 rats were given Q10 (10 
mg/kg, i.p.). Group 4 rats were given Q10 (10 
mg/kg, i.p.) for 28 days and ISO (200 mg/kg, 
i.p.) on days 26 and 27 consecutively at inter-
vals of 24 hours.

At the end of the experiment, the rats were 
weighed and then euthanized under ketamine 

anesthesia (70 mg/kg i.m.), and blood samples 
were collected in plain tubes using cervical dis-
location after a night of fasting with access only 
to water. Blood samples were collected from 
each rat via the retro-orbital sinus, and the 
blood was allowed to clot before centrifugation 
(15 min at 10,000 rpm at 4°C). After that, the 
sera were separated for the biochemical as- 
says. The liver and kidneys were also harvest-
ed. Some were set up for antioxidant assays, 
while others were fixed in 10% buffered forma-
lin for histopathological studies.

Serum biochemical and tissue homogenate 
antioxidant analysis: To confirm liver and kidney 
complications, biomarkers of liver injury such 
as ALT, AST, ALP, and LDH, and the concentra-
tions of creatinine and urea for renal function 
were estimated using a Randox test kit accord-
ing to Reitman and Frankel [33] protocol.

Harvested tissues were homogenized in a 10% 
w/v phosphate buffer (0.1 M, pH 7.4), centri-
fuged for 10 min at 4°C at 10,000 rpm, and  
the supernatants were immediately frozen and 
stored for oxidative parameters (at 10°C). Lipid 
peroxidation of the tissue samples was deter-
mined according to Ohkawa et al. [34] using a 
thiobarbituric acid reactive substance (TBARS) 
assay detection method of lipid oxidative prod-
ucts such as malonaldehyde (MDA). The nitric 
oxide (NO) was assessed through nitrite con-
tent assay of the homogenized tissue sample 
using the GriessIllosvoy reaction [35]. Reduced 
glutathione (GSH) and glutathione s-transfer-
ase (GST) concentrations were determined  
by the McCord and Fridovich protocol [36]. 
Superoxide dismutase was measured using the 
kinetic method with adrenaline as the reactive 
substrate [37]. At the same time, catalase 
activity was determined using hydrogen perox-
ide as a substrate following the protocol of 
Beers and Sizer [38].

Histopathological study: Histopathological ex- 
aminations of the liver and kidney tissues were 
carried out according to previously reported 
protocol [39]. Following fixation in 10% neutral-
buffered formalin, the organs were dehydrated 
in increasing ethanol concentrations, washed 
with xylene, and finally embedded in paraffin. 
The liver and kidney paraffin blocks were 
stained with hematoxylin and eosin in 2 µm 
sections. The stained slides were captured at 
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Figure 1. Effects of coenzyme Q10 and taurine on body (A), kidney (B) and liver (C) body weights. The values were 
expressed as Mean ± SEM; n = 5. Significance was considered at *P < 0.05 vs. Control group; #P < 0.05 vs. Iso-
prenaline group. CNTRL = Control, ISO = Isoprenaline, Q10 = Coenzyme Q10.

400× using light microscope magnifications, 
and the ensuing photomicrograph was evaluat-
ed for histoarchitectural changes.

Statistical analysis

All data were expressed as Mean ± Standard 
Error of Mean (SEM) and analyzed using one-
way analysis of variance (ANOVA). The post hoc 
Tukey test for multiple group comparisons  
was used on GraphPad Prism 7.0 (GraphPad 
Software, San Diego, CA), and statistical signifi-
cance was set at P < 0.05.

Results

Effect of Q10 on the body, relative kidney and 
liver weights of rats exposed to adrenergic 
stimulation by isoprenaline

As indicated in Figure 1A-C, the kidney weights 
showed no significant (P > 0.05) changes [F(3, 
12) = 3.132, P = 0.0657, R2 = 0.4391] across 
treatment groups in comparison with the con-
trol group. Also, ISO exposure significantly 
reduced the liver weight [F(3, 12) = 3.881, P = 
0.0376, R2 = 0.4925] when compared with the 
control. However, pretreatment with Q10 (10 
mg/kg) slightly but not significantly increased 
the relative liver weight.

Q10 alleviates liver damage and improves 
renal functions in isoprenaline-induced hepa-
torenal dysfunction in rats

The liver and renal functions were investigated 
as shown in Figures 2 and 3. Serum indices of 
ALT [F(3, 12) = 29.85, P < 0.0.0001, R2 = 
0.8818], AST [F(3, 12) = 10.73, P = 0.0010,  

R2 = 0.7284], ALP [F(3, 12) = 88.52, P < 0.0001, 
R2 = 0.9568], LDH [F(3, 12) = 12.39, P = 
0.0006, R2 = 0.7560], urea [F(3, 12) = 8.892,  
P = 0.0012, R2 = 0.6897], and creatinine [F(3, 
12) = 10.41, P = 0.0022, R2 = 0.7225] were 
significantly increased in ISO-treated animals 
when compared with control groups. However, 
pretreatment with Q10 (10 mg/kg) significantly 
(P < 0.05) reduced the elevated liver enzymes 
(Figure 2A-D) and renal markers (Figure 3A, 
3B) when compared with the ISO-treated 
groups.

Q10 impedes lipid peroxidation and improves 
endogenous antioxidant activity in the liver of 
rats exposed to isoprenaline

Lipid peroxidation (MDA), nitrergic and oxida-
tive stress assessment in the liver tissues fol-
lowing acute adrenergic stimulation in rats  
are illustrated in Figure 4, respectively. Inter- 
estingly, ISO exposure negatively impacted the 
hepatocellular oxidative state through drastic 
increment in the MDA [F(3, 12) = 8.866, P = 
0.0023, R2 = 0.6891] and nitrite [F(3, 12) = 
20.23, P < 0.0001, R2 = 0.8346] levels, with an 
outstanding depletion in CAT [F(3, 12) = 18.49, 
P < 0.0001, R2 = 0.8221], SOD [F(3, 12) = 
35.41, P < 0.0001, R2 = 0.8985] and GST [F(3, 
12) = 7.355, P = 0.0047, R2 = 0.6477] activities 
as well as GSH [F(3, 12) = 125.1, P < 0.0001, 
R2 = 0.9690] concentration in the liver tissues 
when compared to the Control. However, oral 
pretreatment with Q10 (10 mg/kg) notably 
amended the hepatic oxidative harm prompted 
by ISO exposure, revealing a refinement of the 
oxidative status when compared, as presented 
in Figure 4. 
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Figure 2. Q10 prevents hepatic damages in ISO-treated rats: (A) alanine 
aminotransferase (ALT), (B) aspartate aminotransferase (AST), (C) alkaline 
phosphatase (ALP) and (D) lactate dehydrogenase (LDH) levels. The values 
were expressed as Mean ± SEM; n = 5. Significance was considered at *P < 
0.05 vs. Control group; #P < 0.05 vs. Isoprenaline group. CNTRL = Control, 
ISO = Isoprenaline, Q10 = Coenzyme Q10.

Figure 3. Q10 prevents renal damages in ISO-treated rats: (A) urea, and 
(B) creatinine levels. The values were expressed as Mean ± SEM; n = 5. 
Significance was considered at *P < 0.05 vs. Control group; #P < 0.05 vs. 
Isoprenaline group. CNTRL = Control, ISO = Isoprenaline, Q10 = Coenzyme 
Q10.

Q10 inhibits lipid peroxidation and improves 
endogenous antioxidant activity in the kidneys 
of rats exposed to isoprenaline

Lipid peroxidation (MDA), nitrergic and oxida-
tive stress assessment in the kidney tissues 
following acute adrenergic stimulation in rats 
are illustrated in Figure 5, respectively. Intere- 
stingly, ISO exposure negatively impacted the 
renal oxidative state through drastic increment 
in the MDA [F(3, 12) = 18.65, P < 0.0001, R2 = 
0.8234] and nitrite [F(3, 12) = 13.51, P = 
0.0004, R2 = 0.7715] levels, with an outstand-
ing depletion in CAT [F(3, 12) = 137.4, P < 
0.0001, R2 = 0.9717], SOD [F(3, 12) = 16.94,  

P = 0.0001, R2 = 0.8090] and 
GST [F(3, 12) = 14.20, P = 
0.0003, R2 = 0.7802] activiti- 
es as well as GSH [F(3, 12) = 
115.5, P < 0.0001, R2 = 
0.9665] concentration in the 
liver tissues when compared  
to the Control. However, oral 
pretreatment with Q10 (10 
mg/kg) notably amended the 
renal oxidative harm prompted 
by ISO exposure, revealing a 
refinement of the oxidative sta-
tus when compared.

Q10 abates liver and kidney 
fibrosis induced by isoprena-
line in rats

Liver and kidney fibrosis was 
determined by mason trich- 
rome stain of histological tis-
sues as shown in Figure 6, and 
the results revealed a signifi-
cant (P < 0.05) increase in 
deposition of collagen and 
extracellular matrix proteins 
forming fibrotic plague in iso-
prenaline-treated rat liver and 
kidney tissues. However, tre- 
atment with Q10 (10 mg/kg) 
subsided hepatorenal fibrosis 
significantly by reducing colla-
gen deposition (Figure 6).

Q10 administration protects 
against acute adrenergic 
stimulation-induced liver and 
kidney histoarchitectural al-
terations in male Wistar rats

As denoted in Figure 7, rats exposed to ISO had 
histoarchitectural alterations as mild atrophy of 
hepatic cords and single necrosis of hepato-
cytes was observed. However, treatment with 
Q10 improved the histoarchitecture of hepato-
cytes. The kidney also showed glomerular and 
tubular atrophy in ISO-exposed animals and 
random tubular epithelial coagulation necrosis. 
Treatment with Q10 restored the kidney tissue 
to its normal histoarchitecture.

Discussion

A close pathophysiological relationship exists 
between the liver, kidney and heart [40]. MI is a 
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Figure 4. Q10 prevents ISO-induced hepatorenal oxidative and nitrergic stress in rats in (A) Reduced GSH, (B) MDA, 
(C) Nitrite, (D) CAT, (E) SOD, (F) GST. The values were expressed as Mean ± SEM; n = 5. Significance was considered 
at *P < 0.05 vs. Control group; #P < 0.05 vs. Isoprenaline group. CNTRL = Control, ISO = Isoprenaline, Q10 = Co-
enzyme Q10.

Figure 5. Q10 prevents ISO-induced hepatorenal oxidative and nitrergic stress in rats in (A) Reduced GSH, (B) MDA, 
(C) Nitrite, (D) CAT, (E) SOD, (F) GST. The values were expressed as Mean ± SEM; n = 5. Significance was consid-
ered at *P < 0.05 vs. Control group; #P < 0.05 vs. Isoprenaline group. CNTRL = Control, ISO = Isoprenaline, Q10 = 
Coenzyme Q10.

common fatal condition that is exacerbated 
during chronic states of oxidative and nitrergic 
stress and may promote hepatorenal disorder 

[41]. Our study shows the protective effects of 
Q10 on liver and renal tissues after MI. Q10 
attenuated ISO-induced hepatic and renal 
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Figure 6. Effects of coenzyme Q10 on hepatorenal fibrosis. The densitometric scores were expressed as Mean ± 
SEM; n = 5. Significance was considered at *P < 0.05 vs. Control group; #P < 0.05 vs. Isoprenaline group. CNTRL = 
Control, ISO = Isoprenaline, Q10 = Coenzyme Q10.

Figure 7. Coenzyme Q10 defends against histopathological damage to the liver and kidney in rats exposed to iso-
prenaline. CNTRL = Control, ISO = Isoprenaline, Q10 = Coenzyme Q10 (H&E; ×200 magnification). The arrows indi-
cate a significant lesion; there was glomerular degeneration and interstitial inflammation in the kidney tissue in the 
isoprenaline-treated group, while Q10 and Q10+ISO-treated groups appeared normal. The liver tissues were also 
observed to be normal in all treated groups.

imbalances, reduced free radical formation 
and improved tissue repair by reducing degen-
erative changes in male Wistar rats.

Myocardial necrosis induced by overstimulat-
ing β-adrenergic receptors increases hepatic 

transaminase activities due to hepatocellular 
damage caused by reduced blood supply to the 
liver [42]. As shown in this study, ISO signifi-
cantly increased ALT, AST, ALP and LDH le- 
vels in our study. Q10 significantly reduced the 
serum levels of these enzymes, according to a 
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previous report by Mahmoud et al. [30], where 
Q10 protected liver cells against ischemia 
reperfusion-induced apoptosis and oxidative 
stress. The elevation of hepatic transaminases 
and LDH values indicate their leakage from the 
hepatic membrane after hepatocellular dam-
age [43, 44]. Interestingly, the quantification of 
serum LDH, a cytoplasmic enzyme found in 
almost all tissues but at high concentrations in 
the muscle, liver, and kidney, is clinically signifi-
cant and reflects tissue-specific pathological 
states of insufficient oxygen supply [45].

The heart is responsible for pumping oxygenat-
ed blood to all body parts, including the kidney, 
which eliminates waste products and excess 
water from the blood. The inadequate supply of 
oxygenated blood to the kidney alters its func-
tionality, leading to impairment of renal func-
tion with the release of enzyme substrates 
[46]. This could be the mechanism of the ele-
vated urea and creatinine levels in the ISO-
treated rats (negative control). These levels 
were significantly decreased by Q10 adminis-
tration, in agreement with the report of Ulla et 
al. [47], in which Q10 protected renal function-
ality in ISO-induced cardiac remodelling in aged 
rats.

From our study, ISO administration equally pro-
moted degenerative lesions and oxidative dam-
age to hepatic tissue. The multifunctional liver 
plays essential roles in biosynthesis, secre- 
tion, metabolism, excretion, and detoxification. 
These processes generate large quantities of 
ROS/RNS, making the liver vulnerable to oxida-
tive injury [48] due to the exhaustion of en- 
dogenous antioxidant molecules. ROS-induced 
protein damage reduces the activity and syn-
thesis of antioxidant enzymes [24]. Subse- 
quently, tissue damage is elicited by several 
mechanisms, such as promoting lipid peroxida-
tion (LPO), DNA damage, protein nitration, mi- 
tochondrial perturbation, and apoptotic cell 
death [24]. This eventually disrupts the liver’s 
physiological functions, causing direct or indi-
rect damage to other body organ systems. The 
current study demonstrated considerable oxi-
dative damage, as indicated by a prominent 
decline in GSH concentrations and CAT activi-
ties in ISO rats. Also, it is widely known that  
significant quantities of OH are produced from 
H2O2 via Fenton’s reaction when CAT is deplet-
ed. OH is the most harmful radical among the 
ROS because it causes membrane damage by 
directly breaking down membrane lipid content, 

initiating LPO and producing MDA [24]. This pro-
cess was validated in the present study by the 
substantial increase in MDA in the liver and kid-
ney, confirming membrane damage. This pos-
sibly contributed to the permeation and eleva-
tion of liver enzymes detected in the serum.

Similarly, kidney histopathological examination 
affirms the occurrence of LPO in the renal cell 
membrane, as shown by the disintegrated 
brush border, which contributed to tubular 
impairment as indicated by the marked in- 
crease in serum urea and creatinine levels. 
Intriguingly, Q10 essentially exists as a com- 
ponent of the electron transport chain that  
generates energy. It conveys electrons of com-
plexes I and II to complex III. It is considered a 
unique mitochondrial antioxidant that limits 
nicotinamide adenine dinucleotide phosphate 
(NADPH) oxidase expression, a great source of 
O2

-, and prevents excessive NO production, pro-
tects against LPO, protein oxidation, and DNA 
damage [17, 49]. On this basis, pretreatment 
with Q10 conferred marked protection against 
ISO-induced oxidative injury, as demonstrated 
by considerable improvement in the bioche- 
mical parameters and histopathology. These 
changes might be due to marked enhance- 
ment of GSH levels and CAT activities, as well 
as decreased LPO due to the ROS-quenching 
activity of Q10. Our findings concur with those 
obtained by Abdeen et al. [24], which showed 
the beneficial antioxidant potential of Q10 in 
piroxicam-induced oxidative tissue injury. No- 
tably, hepatic cells have a rich repertoire of 
enzymatic defense mechanisms to combat 
active free radicals. SOD and CAT play critical 
roles in protecting against ROS. SOD, the first 
line of defense against superoxide radicals, is 
produced in the mitochondria and endoplasmic 
reticulum during cellular respiration and me- 
tabolism. It converts O2

- and other superoxide 
radicals to H2O2 [50]. Remarkably, SOD levels  
in our study remained unchanged across all 
groups.

Furthermore, CAT levels were not impaired in 
rats after ISO treatment. The ability of Q10 to 
resist oxidative stress is due to its highly lipo-
tropic nature, which readily traverses the lipid 
bilayer membrane and diffuses into the intra-
cellular compartment. Q10 conferred a signifi-
cant degree of protection to the liver tissue. It 
reduced the severity of ISO-induced histopath-
ological alterations in this study, as revealed by 
only mild necrosis and degeneration in the liver 
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Figure 8. Hypothetical outcomes.

parenchyma. The continuous accumulation of 
lipid peroxides and peroxynitrite by reactions of 
nitroxidation and nitrosation modify biomole-
cules by inducing changes in their structure, 
function, and electron leakage in the respirato-
ry chain [51]. The membrane potential derange-
ment generates a mitochondrial dysfunction 
and interrupts ATP-dependent glutathione syn-
thesis. A disruption of ATP synthesis intensifies 
cellular apoptosis both in the liver and kidney 
tissues [52]. With the progression of a chronic 
hepatorenal failure, an elevated generation of 
reactive species, including MDA, exceeds the 
liver capacity for synthesizing the necessary 
amounts of reduced glutathione and glutathi-
one dependent enzymes such glutathione 
S-transferase (GST), glutathione peroxidase 
(GPx) and glutathione reductase, responsible 
for detoxifying toxic endogenous and exo- 
genous compounds. Glutathione neutralizes 
MDA, peroxynitrites and other oxidative cellular 
molecules and, indirectly, as a coenzyme of 
GST and GPx, detoxifies toxic compounds.  
GST converts MDA to a water-soluble product 
excreted by the kidneys [53].

The kidney histology of the negative control 
group showed mild multifocal vacuole degen-

eration of the renal tubular epithelial lining 
cells, indicating slight renal damage. The liver 
histology showed mononuclear cell infiltration 
and fibrous tissue deposition. The harmful ef- 
fects of ISO were reduced, as evidenced by a 
significant adjustment of all hepatorenal bio-
marker levels. Data from our study further sug-
gests that the synchronous use of Q10 has 
robust antioxidant advantages against ISO-
induced adrenergic stimulation. The reduction 
of oxidative stress markers and fibrosis in  
liver and kidney tissue in this study was also 
observed in line with the improved functional 
and histological parameters.

In conclusion, the findings from the present 
study showed that ISO, an MI-inducing agent, 
disrupted the liver’s protein metabolism func-
tion and altered renal function integrity, as indi-
cated by the histopathological study and mark-
edly elevated serum urea and creatinine levels. 
This negatively interfered with the kidney’s fil-
tration capacity, resulting in renal and hepatic 
dysfunctions. Furthermore, the results of the 
current study revealed that Q10 has a protec-
tive effect on hepatorenal dysfunction and 
improves antioxidant activity induced by iso-
prenaline (Figure 8).
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