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Liver injury can arise post-exposure to drugs
or their metabolites, as well as herbal and
dietary supplements Tamoxifen is a
frequently used drug in breast cancer
treatment. Unfortunately, Epidemiological
studies have identified that Long-term
tamoxifen treatment has been associated
with the development of hepatotoxicity so it
was used in this study to induce liver
damage. Oxidative stress was the major
implicated mechanism contributing to
tamoxifen hepatotoxicity. Nebivolol is a
third-generation selective betal-adrenergic
receptor  blocker  with  vasodilator
characteristics with significant antioxidant
activity.

The presented study was conducted to investigate the possible protective role of nebivolol against
rat hepatotoxicity induced by tamoxifen. Rats utilized in this study were randomized into five
groups (6 in each group); Group 1- (Control) rats received distilled water (5mL/kg body weight
orally) for 14 consecutive days. Group 2- Rats received distilled water for 12 consecutive days
and tamoxifen (75mg/kg b.w., orally) on days 13 and 14 only. Group 3- Rats received Nebivolol
(5 mg/kg b.w., orally for 14 consecutive days) and tamoxifen (75mg/kg b.w., orally) only on days
13 and 14. Group 4- Rats received Nebivolol (8 mg/kg b.w., orally for 14 consecutive days) and
tamoxifen (75mg/kg b.w., orally) only on days 13 and 14. Group 5- Rats received Nebivolol (10
mg/kg b.w., orally for 14 consecutive days) and tamoxifen (75mg/kg b.w., orally) on days 13 and
14 only. The current study concluded that pre-administration of nebivolol with tamoxifen showed
significant upregulation (P<0.05) in glutathione peroxidase (GPx) and significant downregulation
(p<0.05) in malondialdehyde (MDA) each compared to corresponding levels in the tamoxifen-
only treated group. In conclusion, this study demonstrated that pre-administration of nebivolol
with tamoxifen attenuated its hepatotoxicity considering that nebivolol is a good choice,
particularly for patients with hypertension requiring beta blockers and at risk for liver damage.
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mechanisms  involved in  developing
hepatotoxicity in TAM are oxidative stress,

Introduction
Drug-induced liver injury (DILI) refers to the

occurrence of hepatic damage caused by the
use of drugs, herbs, or xenobiotics @.
Tamoxifen, which is Z-1-[4-(2-
dimethylaminoethoxy)-phenyl]-1,2diphenyl-
1-butene or TAM, is widely regarded as the
standard adjuvant therapy for both early and
late breast cancer ®. Tamoxifen's proposed
mechanism  of action involves the
suppression of estradiol binding to the
ligand-binding domain of the estrogen
receptor alpha (ERa), resulting in
conformational alterations that impede the
interaction between the estrogen receptor and
co-activator proteins @. In contrast, the
prolonged administration of tamoxifen has
been linked to hepatic steatosis and
steatohepatitis. The observed pathological
findings include multifocal fatty infiltration,
fibrosis, cirrhosis, and necrosis .
Tamoxifen-induced hepatotoxicities have
been found in both human and rat models ©,
and it was employed in this work as an
inducer of hepatotoxicity. The primary
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and inflammation ® including the effect on
glutathione peroxidase (GPx) a reducing
agent that effectively removes hydrogen
peroxide and lipid peroxides ' and
malondialdenyde (MDA) a byproduct
resulting from the process of lipid
peroxidation induced by free radicals ®. The
adverse effects associated with these
treatment adherence measures (TAM) can
negatively impact patient adherence,
resulting in the termination of treatment and
subsequently leading to inferior clinical
outcomes ©. Therefore, it's crucial to
investigate novel approaches to enhance
TAM's safety profile, particularly for patients
with chronic conditions such as hypertension
who require beta blockers.

Nebivolol (NEB) is a pharmacological agent
belonging to the third generation of selective
1-adrenergic receptor blockers. It has been
officially licensed for the treatment of
hypertension. It exhibits valuable antioxidant
action.  Nebivolol  exhibits  receptor-
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independent scavenging of reactive oxygen
species by interaction with free radicals 9,
By scavenging reactive oxygen species,
nebivolol effectively decreases oxidant stress
and enhances nitric oxide availability.
Moreover, previous studies have
demonstrated that it effectively suppresses
Nicotinamide Adenine Dinucleotide
Phosphate (NADPH) oxidase activity in
different hypertension models ®Y. This
presents an additional pathway by which the
medication can mitigate the overproduction
of O' and alleviate oxidative stress.
Furthermore, it should be noted that
nebivolol has vasodilatory characteristics
through its direct stimulation of the
endothelial nitric oxide synthase (eNOS)-L-
arginine- Nitric oxide (NO) pathway @2
Nitric oxide (NO) is crucial in regulating
liver function and the development of liver
diseases. The production of nitric oxide (NO)
in liver sinusoidal endothelial cells (LSECs)
by endothelial nitric oxide synthase (eNOS)
at low levels plays an essential role in
regulating the vascular tone and blood flow
within the intrahepatic sinusoids. NO can
limit the activity of hepatic stellate cells
(HSCs) and Kupffer cells (kc), the last
constitute resident macrophages in the liver
and are responsible for the release of
inflammatory mediators, growth factors, and
reactive oxygen species that trigger acute and
chronic hepatocyte injury @2,

This study was aimed to investigate the
potential  hepatoprotective  effects  of
nebivolol against tamoxifen-induced
hepatotoxicity in rats, together with the
fundamental mechanisms involved in it.

Materials and Methods
Animals

Thirty female Albino Wister rats, classified
as healthy adults, were purchased from the
Iraqi Center for Cancer and Medical Genetics
Research (ICCMGR) at Mustansiriyah
University. Rats weighing 150 to 240 grams
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and aged 8 and 12 weeks were included in the
current study. Animals were subjected to
controlled environmental conditions,
including a temperature range of 24 + 2°C
and a light cycle of 12 hours of light followed
by 12 hours of darkness. During this period,
the animals were provided unrestricted
access to pellets and water ad libitum.

Preparation of drugs used in this study:
Nebivolol hydrochloride, obtained from
Sigma-Aldrich in St. Louis, USA, was
suspended in distilled water to prepare a
suspension with a concentration of 1 mg/mL.
The mixture was homogenized using a
magnetic ~ stirrer  for 10  minutes.
Subsequently,  the  suspension  was
administered orally via gavage, considering
the animals’ body weight. Similarly,
Tamoxifen citrate (Sigma-Aldrich, St. Louis,
USA) was suspended in distilled water to
prepare a 10 mg/ml suspension. The mixture
was then stirred using a magnetic stirrer for
10 minutes. Subsequently, the suspension
was administered orally via gavage,
considering the animals' body weight.

Experimental design
Animals were allocated into five equal
groups, with six rats assigned to each group.

Group 1 (control): The rats were received an
oral administration of distilled water (DW)
(5mL/kg b.w.) for 14 days.

In Group 2, the rats were administered
distilled water (DW) for 12 days, followed by
the oral administration of tamoxifen (TAM)
at a dosage of 75mg/kg body weight on days
13 and 14, as previously described @4,

In Group 3 (NEB5), the rats were orally
administered nebivolol at a dosage of 5
mg/kg body weight @ for 14 days.
Additionally, tamoxifen was administered
orally at 75 mg/kg body weight on days 13
and 14 only.
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In Group 4 (NEBS8), the rats were
administered nebivolol orally at an 8mg/kg
body weight (16) dose for 14 days.
Additionally, tamoxifen was administered
orally at 75mg/kg body weight on days 13
and 14 only.

In Group 5 (NEB10), rats were orally
administered nebivolol at 10 mg/kg body
weight @7 for 14 days. Additionally,
tamoxifen was administered orally at 75
mg/kg body weight on days 13 and 14 only.

Sample collection

At the end of the study, on day 15, rats were
subjected to sedation using intramuscular
administration of 50 mg/kg ketamine and 5
mg/kg xylazine. After the rat was euthanised,
the liver was quickly excised, rinsed in ice-
cold buffer phosphate saline pH 7.4 to
remove excess thorough blood and weighed
before homogenization, then minced tissue
and homogenized with the aid of
homogenizer after putting the tube in a
beaker containing ice. After that, the
homogenate was then centrifuged for 20 min
at 3000 rpm using a cold centrifuge, and the
supernatant was utilized for the estimation of
tissue GPX and MDA levels.

A. Liver Tissue Glutathione peroxidase
(GPX) assessment.

The competitive enzyme immunoassay
approach is used in the GPX ELISA Kkit,
which includes a polyclonal anti-GPX
antibody and a GPX-HRP conjugate. In a
pre-coated plate, the test sample and buffer
are incubated for one hour with the GPX-
HRP conjugate. The wells are decanted and
cleaned five times after incubation. The wells
are then treated with an HRP enzyme
substrate. The result of the enzyme-substrate
reaction is a blue complex. Finally, a stop
solution is added to stop the reaction, which
causes the solution to become yellow. Color
intensity is measured spectrophotometrically
in a microplate reader at 450nm according to
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manufacturers’ instructions (kit catalog
number: MBS744364, company:
MyBioSource).

B. Liver Tissue Malondialdehyde (MDA)
assessment

A monoclonal antibody specific for MDA
had been pre-coated on the microtiter plate.
Standards and homogenized tissue samples
were added to the microtiter plate wells.
MDA bound to the antibody pre-coated
wells. A standardized preparation of
horseradish peroxidase (HRP)-conjugated
polyclonal antibody, specific for MDA was
added to each well to “sandwich” the
immobilized MDA on the plate. The
procedure was employed according to
manufacturers’ instructions (kit catalog
number: MBS268427, company:
Mybiosource). After microtiter plate
incubation, the wells were thoroughly
washed to remove all unbound components.
Then, in each well, substrate solutions were
added. Over a short incubation period, the
enzyme (HRP) and substrate were allowed to
react. The hue of the wells containing only
MDA and enzyme-conjugated antibodies
changed. The color shift was detected
spectrophotometrically by the Huma reader
at a wavelength of 450 nm after the
enzyme-substrate reaction was stopped by
adding a sulphuric acid solution.

Statistical analysis

The data was analyzed using SAS (Statistical
Analysis System - version 9.1). The
statistical analysis employed in this study
involved a one-way analysis of variance
(ANOVA) followed by a post hoc test known
as the Least Significant Differences (LSD)
test. This approach was utilized to evaluate
and determine any significant variations
among the means of the variables under
investigation. Post hoc tests play a crucial
role in the analysis of variance (ANOVA)
methodology. Statistical significance was
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determined for data differences at a
significance level of P<0.05(9),

Results

A. Glutathione peroxidase (GPX) level

The rats subjected to tamoxifen treatment in
the induction group demonstrated a
statistically significant decrease (P-value <
0.05) in hepatic GPx levels compared to the
control group and considerably increased (P-
value < 0.05) in NEBS8, and NEB10 groups
that received pretreatment with nebivolol,
compared to the induction group. This

(Research article)

finding is supported by the data in Table 1
and Figures 1.

B. Malondialdehyde (MDA) level

The rats subjected to tamoxifen treatment in
the induction group were demonstrated a
statistically significant increase (P-value <
0.05) in hepatic MDA levels compared to the
control group and considerably reduced (P-
value < 0.05) in the NEB5, NEBS8, and
NEB10 groups that were received
pretreatment with nebivolol, compared to the
induction group. Such findings are supported
by the data in Table 1 and Figures 1 and 2.

Table 1. Oxidative stress biomarker changes in all groups.

GPx (ng/ml) MDA (ng/ml)
G1:Control 10.58+0.19? 1.53+0.07¢
G2;Induction 3.53+0.06° 4.26+0.212
G3:NEB/5mg 3.28+0.04°¢ 2.78+0.07°
G4:NEB/8mg 6.43+0.50° 2.03+0.20°
G5;NEB/10mg 8.94+1.422 1.28+0.05°
LSD 1.98 0.41

The results were expressed as Mean +SD. Results with unidentical superscripts (a, b, c, d) are
significantly different (p<0.05). LSD: a least significant difference. GPx: glutathione peroxidase,
MDA: malondialdehyde, ng/mL: nanograms Per milliliter, Control: normal control group, rats
given distilled water for 14 days; Induction: negative control group, rats exposed to Tamoxifen
on days13 and 14 only; NEB/5mg: Rats treated with nebivolol (5mg/kg/d) orally plus tamoxifen
on days13 and 14 only; Neb/8mg: Rats treated with nebivolol (8mg/kg/d) orally plus tamoxifen
on days13 and 14 only; NEB/10mg: Rats treated with nebivolol (10mg/kg/d) orally plus tamoxifen

on days13 and 14 only.
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Figure 1. Bar chart showing levels of glutathione peroxidase GPx in different experimental
groups. GPx:glutathione peroxidase, ng/mL: nanograms Per milliliter, Control: normal control
group, rats given distilled water for 14 days; Induction: negative control group, rats exposed to
Tamoxifen on days13 and 14 only; NEB/5mg: Rats treated with nebivolol (5mg/kg/d) orally plus
tamoxifen on days13 and 14 only; Neb/8mg : Rats treated with nebivolol (8mg/kg/d) orally plus
tamoxifen on days13 and 14 only; NEB/10mg: Rats treated with nebivolol (10mg/kg/d) orally plus
tamoxifen on days13 and 14 only, Results with unidentical superscripts (a, b, c, d) are significantly
different (p<0.05).
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Figure 2. Bar chart showing levels of MDA in different experimental groups.MDA:
malondialdehyde, ng/mL: nanograms Per milliliter, Control: normal control group, rats given
distilled water for 14 days; Induction: negative control group, rats exposed to Tamoxifen on
days13 and 14 only; NEB/5mg: Rats treated with nebivolol (5mg/kg/d) orally plus tamoxifen on
days13 and 14 only; Neb/8mg : Rats treated with nebivolol (8mg/kg/d) orally plus tamoxifen on
days13 and 14 only; NEB/10mg: Rats treated with nebivolol (10mg/kg/d) orally plus tamoxifen
on days13 and 14 only, Results with unidentical superscripts (a, b, c, d) are significantly different
(p<0.05).
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Discussion

Liver injury can occur with exposure to
medications or their metabolites, as well as
herbal and nutritional supplements (1).
Previous  researches  has  primarily
concentrated on investigating the potential
preventive properties of antioxidant and anti-
inflammatory substances against
hepatotoxicity (19,20). Tamoxifen has been
widely  utilised as the  preferred
pharmaceutical intervention for treating and
preventing breast cancer, with an average
prescription duration ranging from 3 to 5
years.  Unfortunately,  epidemiological
studies have indicated that 40% of patients
acquired hepatotoxicity through
steatohepatitis after two years (21).
Additionally, in lIrag, a case-control study
conducted at a hospital revealed that 86% of
patients treated with tamoxifen experienced
fatty liver (22).

Oxidative stress is a significant contributing
factor in the pathogenesis of various
disorders, including hepatic injury.
Oxidative stress refers to the condition
characterised by an imbalance between the
amounts of antioxidants and free radicals.
The radicals exhibit an affinity for nucleic
acids, proteins, and lipids, thereby interfering
with crucial cellular mechanisms such as
lipid peroxidation. This interference has the
potential to lead to necrosis, fat degeneration,
fibrosis, cirrhosis, cell death, and cancer. The
severity of these effects is dependent on the
dosage and duration of exposure, which can
result in increased levels of ALT, AST, and
ALP enzymes in the bloodstream(23).

The current study proved that the
administration of tamoxifen resulted in an
elevation of oxidative stress markers in the
liver, as seen by the elevated levels of
malondialdehyde (MDA) and considerable
reduction in glutathione peroxidase (GPX)
levels, when compared to the control group
in line with previouse studies(24,25).
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The enzyme glutathione peroxidase (GPx)
employs a reducing agent to effectively
remove hydrogen peroxide and lipid
peroxides. This enzymatic activity serves to
protect the cell membrane and other
organelles from peroxidative damage by
modulating the levels of glutathione (GSH).
Glutathione peroxidase (GPx) plays a pivotal
role in the recycling of glutathione (GSH)
and the regulation of GSH renewal(7).

Lipid peroxidation is a prominent contributor
to the impairment of cellular membranes in
hepatocytes. Malondialdehyde is a byproduct
resulting from the process of lipid
peroxidation induced by free radicals within
the human body. It serves as an essential
signal for assessing the presence of oxidative
stress and acts as a biomarker specifically
associated with oxidative stress(8).

The current study results showed a depletion
of GPx in the group treated with 5mg/kg of
nebivolol compared to those treated with
tamoxifen only, this may be because of other
side conditions like not enough waste
disposal of the cage leading to stressed
aggressive rats. in the bright side, Results
indicated a noteworthy rise in antioxidant
enzyme activity in the groups treated with
nebivolol 5mg/kg and 10mg/kg compared to
those treated with tamoxifen only. such
finding supported the notion that nebivolol
possesses antioxidant properties, which
aligns with the previous findings(26) and
provided empirical evidence demonstrating
that nebivolol show a notable decrease in
lipid peroxidation, a prominent factor
contributing to the impairment of cellular
membranes in hepatocytes. The observed
decline in MDA levels serves as proof of this
phenomenon. This finding aligns with the
previous research(15,17).

The presented study demonstrated that
nebivolol exhibited a protective effect against
tamoxifen-induced  liver  injury. The
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favorable impact of nebivolol is attributed to
its antioxidant and anti-inflammatory effects
by cutting the road to inflammation because
oxidative stress is the leading cause of
inflammation.

Conclusion

The current study concluded that
pretreatment of nebivolol can alleviate
tamoxifen-induced oxidative  damage
scavenging free radicals in the liver this
appears by upregulation of GPx and
downregulation of MDA within the oxidative
pathway in liver tissues. As such, this
combination needs to be further studied to
evaluate other oxido-inflammatory
parameters.

Acknowledgment

We want to use this opportunity to thank
Mustansiriyah University for providing us
with the vital support and assistance required
to finish this study.

Ethics Statements

The study was approved by the ethics
committee of College of Pharmacy/
Mustansiriyah  University  (acceptance
number 8 on 11/10/2023).

References

1- Fontana RJ, Liou I, et al. AASLD
practice guidance on drug, herbal, and
dietary supplement-induced liver injury.
Hepatology. 2023;77(3):1036-65.

2- Buhrow SA, Koubek EJ, et al
Development and validation of a liquid
chromatography-mass spectrometry
assay for quantification of Z- and E-
isomers of endoxifen and its metabolites
in plasma from women with estrogen
receptor-positive  breast cancer. J
Chromatogr B Analyt Technol Biomed
Life Sci. 2023 Apr 15; 1221:123654.

3- VALLET, Amandine, et al. The AF-2
cofactor binding region is key for the
selective  SUMOylation of estrogen

AJPS (2025)

(Research article)

receptor alpha by antiestrogens. Journal

of Biological Chemistry, 2023, 299.1.

Blackburn AM, Amiel SA, et al.

Tamoxifen and liver damage. Br Med J

(Clin Res Ed). 1984; 289:288.

E Owumi, Solomon, et al. "Chlorogenic

acid abates oxido-inflammatory and

apoptotic responses in the liver and
kidney of Tamoxifen-treated rats."

Toxicology research 10.2 (2021): 345-

353

Ahmed, Nermin S., et al. "Tamoxifen and

oxidative  stress: an  overlooked

connection.” Discover Oncology 12.1

(2021): 17.

Silvagno F, Vernone A, et al. The role of

glutathione in protecting against the

severe inflammatory response triggered
by COVID-19. Antioxidants.
2020;9(7):624.

Aurellia N, Susilaningsih N, et al. Effect

of Curcumin on Interleukin-6 Expression

and Malondialdehyde Levels in Liver

Fibrosis. Open Access Macedonian

Journal of Medical Sciences.

2022;10(B):2319-26.

9- Schulz M, Klopp-Schulze L, et al.
Adherence to tamoxifen in breast cancer
patients: What role does the pharmacist
play in German primary care? Can Pharm
J (Ott). 2018 Dec 20;152(1):28-34.

10- Cominacini L, Fratta Pasini A, et al.
Nebivolol and its 4-keto derivative
increase nitric oxide in endothelial cells
by reducing its oxidative inactivation. J
Am Coll Cardiol. 2003; 42:1838-1844.

11-Oelze M, Daiber A, et al. Nebivolol
inhibits  superoxide  formation by
NADPH oxidase and endothelial
dysfunction in angiotensin Il-treated rats.
Hypertension. 2006; 48:677-684.

12- Weiss R. Nebivolol: a novel beta-blocker
with nitric oxide-induced vasodilatation.
Vascular health and Risk management.
2006;2(3):303-8.

4

5

6

7

8

(%)
AJPS is licensed under a Creative Commons Attribution 4.0 International License @—EA



https://creativecommons.org/licenses/by/4.0/

Al Mustansiriyah Journal of Pharmaceutical Sciences, 2025, Vol. 25, No.2

13- Iwakiri Y, Kim MY. Nitric oxide in liver
diseases. Trends in Pharmacological
Sciences. 2015;36(8):524-36.

14- Cerna P, Kotyzova D, et al. The effect of
the oral iron chelator deferiprone on the
liver damage induced by tamoxifen in
female rats. Hemoglobin.
2011;35(3):255-61.

15- Mizar SM, Omar HA, et al. Nebivolol
and chrysin protect the liver against
ischemia/reperfusion-induced injury in
rats. Beni-Suef University Journal of
Basic and Applied Sciences.
2015;4(1):86-92.

16-Teixeira C, Franco E, , et al. Effects of
nebivolol on liver fibrosis induced by bile
duct ligation in Wistar rats. in vivo.
2013;27(5):635-40.

17-Refaie MMM, El-Hussieny M, et al.
Protective role of nebivolol in cadmium-
induced hepatotoxicity via
downregulation of oxidative stress,
apoptosis and inflammatory pathways.
Environ Toxicol Pharmacol. 2018;
58:212-9.

18- SAS.2010.SAS/STAT Users Guide for
Personal Computer. Release 9.13.SAS
Institute, Inc., Cary, N.C., USA.

19-Hamdan, Sarah Saad, Yassir Mustafa
Kamal, and Huda Jaber Waheed.
"Astaxanthin  effect on  apoptotic
biomarkers in methotrexate-induced liver
injury." Al Mustansiriyah Journal of
Pharmaceutical Sciences 22.3 (2022): 43-
50.

20- Inam Sameh Arif, Yassir Mustafa Kamal,
& lsraa Burhan Raoof. (2022). Nrf2 as a

AJPS (2025)

211

(Research article)

modulator of oxidative stress. Al
Mustansiriyah Journal of Pharmaceutical
Sciences, 21(4), 17-23.

21-Bradbury M, Hutton B, et al. Time to
update evidence-based guideline
recommendations  about  concurrent
tamoxifen and antidepressant use? A
systematic review. Clinical Breast
Cancer. 2022;22(3): e362-e73.

22- Saeed, 1. J. R., Jassim, O. A, et al. Fatty
liver formation in patients with breast
cancer on tamoxifen therapy in lIraqi
female. International Journal of Health
Sciences, (2022): 6(S1), 3539<3547.

23- Di Pasqua L.G, Cagna, M, et al. Detailed
Molecular Mechanisms Involved in
Drug-Induced Non-Alcoholic Fatty Liver
Disease and Non-Alcoholic
Steatohepatitis: An Update.
Biomedicines 2022, 10, 194.

24- Adikwu E, Ebinyo NC, et al. Protective
effect of lycopene against tamoxifen-
induced hepatotoxicity in albino rats.
Biomedical and biotechnology research
journal (BBRJ). 2020;4(1):69.

25-Mourad HH, Abd-El Razik AN, et al.
Effect of sage oil on tamoxifen-induced
hepatotoxicity and nephrotoxicity in
female rats. Egyptian Pharmaceutical
Journal. 2020;19(4):350.

26-Buca BR, Mititelu-Tartau L, et al. The
Influence of Nitric Oxid Donors
Nebivolol and S-Nitrosoglutathion of the
Oxidatives Stress and Liver Function in
Rats. Revista de Chimie.
2019;70(4):1360-3.

(%)
AJPS is licensed under a Creative Commons Attribution 4.0 International License @—EA



https://creativecommons.org/licenses/by/4.0/

