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Abstract
Background and Objective: Tirzepatide (TIRZ) is a drug recently approved for treating obesity and type 2 diabetes. It is an agonist of the
Glucagon-Like Peptide-1 (GLP-1) receptor that regulates glucose levels and aids in weight loss. The TIRZ is also reported to reduce
cardiotoxicity caused by doxorubicin (DOX). The cisplatin (CIS) and DOX are chemotherapeutic agents that are administered to treat
different cancers. On the other hand, CIS and DOX were also reported to develop adverse reactions like nephrotoxicity as well as
cardiotoxicity. Present research evaluates the protective action of TIRZ against CIS or the development of cardiotoxicity and
nephrotoxicity. Materials and Methods: Sixty rats weighing 225-260 g were split into six groups, each with ten animals. The control
animals received saline. The TIRZ group was administered three doses of 1.35 mg/kg. The CIS group received three doses (8 mg/kg), while
DOX-treated animals received three doses (4 mg/kg). The CIS+TIRZ group received three doses (8 and 1.35 mg/kg). The DOX+TIRZ group
received three doses (4 and 1.35 mg/kg). All injections were administered using an intraperitoneal injection route. The animals were
observed for mortality and body weight and blood samples were obtained to quantify troponin I, CK-MB, BUN and creatinine via
electrochemiluminescence (ECL) and compared the results to the control non-treated group using one-way ANOVA. Results: The survival
rate decreased when TIRZ was combined with CIS or DOX. Troponin I, CK-MB, BUN and the BUN/creatinine ratio showed a notable rise
in CIS and DOX groups, whereas creatinine levels decreased. However, this increase was not reversed when TIRZ was combined with CIS
or DOX. Rats receiving CIS or DOX showed more mortality compared to control animals Conclusion: The study’s findings indicate that
CIS and DOX can cause cardiotoxicity and nephrotoxicity. However, co-treatment with TIRZ synergizes this elevation and increases the
toxicity of CIS and DOX in the heart and kidney.
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INTRODUCTION

Cardiac or renal injury is distinctly characterized by a rapid
decline in cardiac output and renal function that impacts the
structural integrity of cardiac or renal tissues-assessing the
levels of troponin I, CK-MB and BUN as well as creatinine, in
addition to the BUN/creatinine ratio1,2. The higher troponin I
and CK-MB values, along with increased BUN and creatinine,
is a prevalent approach for evaluating cardiac and renal
function2,3. Chemotherapy agents such as doxorubicin and
cisplatin have been shown to induce cardiotoxicity by
enhancing troponin I levels as well as CK-MB, as well as
nephrotoxicity indicated by elevated BUN and creatinine
levels post-treatment4,5.

Cisplatin is a potent and versatile chemotherapy agent
commonly employed in the management of numerous solid
forms of tumors such as those located in the testicles, head,
ovary, lung, bladder, cervix including lymphomas and
melanomas6. Cisplatin demonstrates anticancer effects
through various mechanisms, the most recognized of which
involves its interaction with DNA purine bases. This interaction
inhibits transcription and replication, resulting in the arrest of
the cell cycle, eventually causing cancer cell apoptosis7. The
clinical application of CIS is constrained by adverse effects,
including cardiac and renal toxicity, as well as electrolyte
imbalance8,9.

Doxorubicin (DOX) is a prominent and potent anticancer
anthracycline antibiotic that has been extensively utilized in
treating  different  tumors  localized  in  the  lungs,  prostate
and breast10. Unfortunately, the application of DOX in
chemotherapy   is   constrained   by   its   detrimental   effects
on  vital  organs  such  as  the  heart  and  kidneys11.  The
NADPH-dependent reductases and non-enzymatic reactions,
such as the interaction between DOX and iron also enhance
the production of free radicals12. However, the precise
mechanisms  behind  DOX-induced  cardiotoxicity  and
nephrotoxicity are still not completely understood. The free
radical may engage in redox cycling, leading to the formation
of O2 and H2O2

13. In the presence of iron, DOX can form
complexes with itself14. These complexes subsequently
contribute to the enhancement of the transformation of H2O2

into various forms of reactive oxygen species (ROS) like
hydroxyl ions15. The heightened generation of ROS results in
deterioration of biomolecules like proteins as well as lipids,
causing damage and toxicity in heart and kidney tissues16.

Tirzepatide is an agonist for the GLP-1 receptor that
performs important action in diabetes type-II and obesity
management17. It has been claimed that TIRZ stimulates the
incretin hormone, which in turn reduces hunger and the

amount of food consumed, resulting in a reduction in body
weight18. An earlier study found that the combination of TIRZ
and DOX was effective in lowering oxidative stress and
inflammation, as well as improving cardiac function and
lowering the chance of developing heart failure19.

Therefore,   the   present   research   sought   to   explore
the possible prophylactic activity of TIRZ in mitigating
cardiotoxicity and nephrotoxicity induced by CIS or DOX in
rats, as well as to clarify the mechanisms involved in these
toxicities and the associated protective effects. It also assessed
the effect of TIRZ on cardiac and renal functions in rats
undergoing chronic treatment with CIS or DOX.

MATERIALS AND METHODS

Study duration: The study was conducted from May, 2024 to
July, 2024 at a Pharmacology Laboratory in the College of
Pharmacy at Qassim University, Saudi Arabia.

Chemicals and drugs: The doxorubicin injection (2 mg/mL)
and cisplatin (1 mg/mL) were sourced from Ebewe Pharma
Ges.m.b.H.  Nfg.KG  in  Unterach  am  Attersee,  Austria.
Tirzepatide (Mounjaro 7.5 mg/0.5 mL Prefilled Pen 4s) was
obtained Eli Lilly Saudi Arabia Ltd Riyadh, Saudi Arabia.

Animals: Sixty rats, ranging in age (10-12 weeks) and weight
ranging between 225-260 g, procured from the College of
Pharmacy’s animal house belonging to Qassim University,
were housed in individual chambers inside an environment
that rotated between light and dark cycles lasting 12 hrs, with
the lights being turned on at 6 o’clock in the morning.
Pelletized food and water were available to the animals
throughout the day. The survival rate of the experimental rats
was  monitored  daily  and  the  body  weight  was  taken 
every 2 days. The research adhered to the institution’s ethical
standards for animal experiments.

Experimental  procedure  including  treatment  protocol:
The  experimental  animals  in  this  research  were  divided
into six groups, each containing 10 animals. Normal saline is
administered intraperitoneally as the control. Administration
of treatment involves intraperitoneal delivery of TIRZ at a
concentration of 1.35 mg/kg thrice during the study protocol,
with a three-day interval between each administration. The
second treatment involved administering CIS (8 mg/kg)
intraperitoneal delivery in three doses. The fourth treatment
involved administering DOX (4 mg/kg) intraperitoneal delivery
in three doses. The fifth treatment involved a combination of
medications   of   TIRZ   (1.35   mg/kg)   and   CIS   (8   mg/kg).
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Finally,  the  sixth  group  was  administered  three  doses  of
TIRZ  (1.35  mg/kg) and DOX (4 mg/kg). After completion of
the treatments, the animals were euthanized and blood
samples were collected from six animals in each group. The
experimental rats were closely observed daily to ensure
accurate  documentation  of  their  survival  or  mortality  rates
and body weights every two days. After that, the animals
underwent biochemical assays20.

Electrochemiluminescence (ECL): On day eleven, the rats
were euthanized using carbon dioxide (CO2) humanely and
their heads were decapitated from their necks. This occurs
after complete drug administration. Then, blood samples were
collected from both the control as well as treatment groups,
including those receiving TIRZ, CIS, DOX and CIS+TIRZ, as well
as DOX+TIRZ. The collected blood samples were placed into
Ethylenediaminetetraacetic  Acid  (EDTA)  tubes.  The  tubes
were centrifugated at a speed of 12,000×g for 10 min. The
plasma was immediately transferred into 200 µL glass
containers. Then, the plasma components were analyzed for
troponin I, CK-MB, BUN and creatinine levels using an
automatic electrochemiluminescence (ECL) analyzer (Roche
Diagnostics, a company based in Germany). The ECL is a highly
sensitive technology that detects and quantifies biomolecules,
such as proteins, through immunoassays21.

Ethical consideration: The work was permitted by the
Institutional Committee on Animal Protection and Use of
Qassim  University’s  Deanship  for  Scientific  Research
(approval numbers 23-67-05 and 23-69-07).

Statistical analysis: A test known as an One-way Analysis of
Variance (ANOVA) was performed on the results of the in vivo

research  procedure.  A  presentation  of  the  investigation’s
findings was made using the mean plus or minus the Standard
Error of the Mean (SEM). This resulted in the implementation
of a Tukey analysis, which was used for comparing the data on
an individual basis. The statistical significance levels were
established at a p-value lesser than 0.05.

RESULTS

TIRZ effect on DOX or CIS on rats’ survival rate: A model
established to understand better whether TIRZ improves the
rate of survival in animals was administered with CIS or DXR.
A Kaplan-Meier test was utilized to achieve this parameter.
Based on the results, an analysis of the survival rate was
conducted on rats treated with different combinations of TIRZ
and CIS or TIRZ and DXR, it was observed that the findings
indicated DOX resulted in 20% mortality and CIS 10%
throughout the study duration. However, a combination of
TIRZ with CIS caused 50% mortality and TIRZ with DOX caused
30% mortality. Thus, the study’s results indicated that adding
TIRZ  to  CIS  or  DOX  may  have  a  synergistic  effect,  whereas
the control and TIRZ groups maintained a 100% survival rate
(Fig. 1).

TIRZ combined with CIS or DOX reduces body mass: As per
Fig. 2, the body mass (weight) of the TIRZ, CIS, DXR, CIS+TIRZ
and DXR+TIRZ treated animals was reduced in comparison to
saline treatment. The study measured modifications in body
weight  from  the  start  to  the  experiment’s  conclusion,
which  showed  a  significant  decrease  in  TIRZ  (mean  93),
CIS (mean 82), DOX (mean 89), CIS+TIRZ (mean 79) and
DXR+TIRZ (mean 86) when comparison was done with saline
group (mean 117).

Fig. 1: Role of CIS, DXR, TIRZ and combination on the survival rate
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Fig. 2: Role of CIS, DXR, TIRZ and combination on the body weight

Fig. 3(a-b): Role of CIS, DOX, TIRZ and the combination of TIRZ with CIS or DOX on troponin I and CK-MB levels, (a) Treatment with
CIS (24 mg/kg) or DOX (12 mg/kg) i.p (intraperitoneal) injection resulted in observed enhancement of troponin I levels
when compared to normal animals, (b) Administration with CIS (24 mg/kg) or DOX (12 mg/kg, intraperitoneal
injection) showed a marked elevation in CK-MB levels in comparison with saline group. The combination of CIS or DOX
with TIRZ induced a slight reduction in levels of troponin I and CK-MB, but they were insignificant when compared to
normal treatment animals (*p<0.05) related to the control group

TIRZ effect on CIS or DOX on troponin I and CK-MB: The
observation of the ECL test showed a marked increase in
troponin I and CK-MB concentrations in the CIS and DOX
groups. However, when TIRZ was combined with CIS and DOX,
this increase was not improved when compared with control
animals (Fig. 3a-b). Thus, this outcome suggests TIRZ had no
positive effect against CIS or DOX-induced cardiotoxicity.

TIRZ  effect  on  CIS  or  DOX  on  BUN,  creatinine  and
BUN/creatinine ratio: The observation of the ECL test showed
a marked increase in BUN concentrations in the CIS and DOX
groups. However, when TIRZ was combined with CIS and DOX,
this increase was not improved when compared with control
animals (Fig. 4a). On the contrary, it was found that there was
a significant decrease in creatinine concentrations  in  the  CIS
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Fig. 4(a-c): Role  of  CIS,  DOX,  TIRZ  and  combination  of  TIRZ  with  CIS  or  DOX  on  BUN  and creatinine  levels  and  their  ratio,
(a) Treatment with CIS (24 mg/kg) or DOX (12 mg/kg) i.p injection resulted in an observable enhancement of BUN
levels,  (b)  Decrease  in  creatinine  levels  upon   comparison   with   the   saline   group   and   (c)   Administration   with
CIS (24 mg/kg) or DOX (12 mg/kg) intraperitoneal injection produced a marked elevation in the BUN/creatinine ratio
when compared to saline-treated animals (*p<0.05, **p<0.01, ***p<0.001 and ****p<0.0001) different from the control
rats or other treated rats

and DOX groups. However, this decrease was not improved
when TIRZ was combined with CIS or DOX in comparison with
control rats (Fig. 4b). Furthermore, it was recorded a significant
(p<0.001) increase in the BUN/creatinine ratio in the CIS and
DOX-treated groups. However, when TIRZ was combined with
CIS or DOX, this increase was not improved compared to the
control group (Fig. 4c). Thus, this outcome suggests TIRZ had
no positive effect against CIS or DOX-induced nephrotoxicity.

DISCUSSION

The present study used cisplatin (CIS) and doxorubicin
(DOX) to treat experimental rats to induce cardiotoxicity and
nephrotoxicity,  aiming  to  assess  the  protective  effects  of
TIRZ against these toxicities. The investigation specifically
concentrated on its influence on troponin I, CK-MB, BUN and
creatinine  levels.  The   CIS  and  DOX  can  interact  with  DNA
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replication by causing damage to the DNA in CIS and
inhibiting topoisomerase II, an enzyme essential for both
transcription  and  replication  processes22,23.  Various
mechanisms contribute to the development of cardiac and
renal failure induced by CIS or DOX, including direct damage
to cardiomyocytes and kidney cells, oxidative stress and
inflammation24,25. Collectively, these factors are thought to be
associated with injury to cardiac and renal tissues8,11. These
modifications lead to variations in troponin I as well as CK-MB
from the heart, as well as BUN and creatinine levels due to
compromised renal function5,26,27. Tirzepatide acts as a
receptor agonist for GLP-1 and has demonstrated protective
effects on cardiac tissue subjected to chemotherapy in animal
studies by mitigating oxidative stress19. Reports indicate that
tirzepatide may assist in reducing diabetic hyperglycemia
through the activation of GLP-118. The TIRZ has been shown to
improve glycaemic control through increased stimulation of
insulin secretion and enhanced insulin sensitivity28. The
present research sought to assess the preventive action of
TRIZ toward cardiotoxicity and nephrotoxicity induced by CIS
and DOX. However, the findings revealed an opposing effect
on the heart and kidneys due to the synergistic interaction of
TRIZ with CIS or DOX.

This investigation utilized a Kaplan-Meier approach to
evaluate the survival rate29. This approach is essential for
pinpointing the toxic effects linked to particular drugs or
medical conditions30. The recent study has shown that TIRZ
alone had no impact on the survival rate, which remained at
100%, consistent with the control group. Following the
administration  of  three  doses  of  CIS  or  DOX  to  the
subjects  (24  and  12  mg/kg,  respectively),  the  survival  rate
of the  rats  declined  to  90%  for  CIS  and  80%  for  DOX  after
11 days from the  initial  dose.  Nonetheless,  the  combination 
of  TIRZ  with CIS or DOX resulted in an elevated mortality rate,
reaching  70%  in  the  CIS-treated  animals  and  50%  in   the
DOX-administered  rats  upon  comparison  with  normal  rats.
The observations indicate that TIRZ might enhance the toxicity
of CIS and DOX.

This study involved a comparison of body weight changes
from the initial injected dose of TIRZ, CIS, DOX or their
combinations throughout the entire treatment period until
the endpoint. Our findings indicate that the control group
experienced a weight gain exceeding 6% during the study
period. However, the body mass was slightly decreased in TIRZ
alone. In the CIS group, body mass was decreased by 11%,
while the DOX treatment experienced a 10% reduction in
body mass. In rats subjected to a combination of CIS and TIRZ,
a 15% decline in body mass, while the combination of TIRZ
with DOX resulted in a 16% decrease. Consequently, this study

found that TIRZ, CIS, DOX and their combination might
decrease the body weight when comparison was done with
saline-treated animals.

Cardiac dysfunction can arise from various factors,
including angina, myocardial infarction and exposure to toxic
agents like chemotherapy4. Damage to heart tissues can be
indicated by troponin I as well as CK-MB levels31. With
significant damage to the heart tissue, there is an elevation of
troponin I as well as CK-MB values in the bloodstream32.
Troponin I is recognized to rise for several hours following
cardiac damage and then diminishes, whereas CK-MB persists
for a longer duration33. The present study findings indicated
that the groups administered with CIS and DOX exhibited
marked elevation in troponin I as well as CK-MB levels.
Nonetheless, the combination of TIRZ with CIS and DOX
resulted  in  a  slight  reduction  of  the  toxic  impact  on
troponin I levels, whereas the TIRZ combination did not
enhance the effects of CIS or DOX on CK-MB levels.

The present investigation revealed that rats administered
CIS or DOX displayed signs of renal dysfunction, indicated by
a notable rise in serum BUN and a reduction in creatinine
levels, leading to an elevated BUN/creatinine ratio. This finding
aligned with our earlier research and additional studies
suggest the detrimental effects of cisplatin (CIS) and
doxorubicin (DOX) on renal function. Nonetheless, earlier
research has indicated that combining a GLP-1 agonist like
liraglutide with CIS in murine models can alleviate the
nephrotoxic activity induced by CIS. Similarly, the GLP-1
agonist lixisenatide offers protection against DOX-mediated
kidney fibrosis in animals. Nonetheless, the impact of TIRZ on
safeguarding the kidneys during chemotherapy remains
inadequately elucidated. The study revealed a notable
synergistic effect of TIRZ on kidney indicators, evidenced by an
enhancement in serum BUN and a reduction in creatinine
values, leading to an increased BUN/creatinine ratio. This
suggests that TIRZ negatively impacts renal function in
patients undergoing CIS and DOX treatment. This study has
benefits and weaknesses that need consideration. This study
investigates the impact of CIS, DOX and their combination
with TIRZ on cardiotoxicity and nephrotoxicity by assessing
mortality  rate  and  body weight and measuring troponin I,
CK-MB, BUN and creatinine levels. The rats in the present
research were of identical age, strain, cancer-free and all tests
were performed concurrently throughout the experiment to
curtail differences. This study assesses the direct effects of CIS,
DOX and their combinations with TIRZ, mitigating cancer
interference and minimizing potential confounding factors.
The doses and frequency were consistent with those delivered
clinically to human patients.
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CONCLUSION

The  use  of  CIS  or  DOX  results  in  notable  cardiac
dysfunction (enhanced troponin I as well as CK-MB values) and
a decline in renal function (increased BUN and reduced
creatinine), ultimately culminating in cardiotoxicity and renal
failure. The combination of TIRZ with CIS or DOX fails to
mitigate this toxicity and exacerbates it. Consequently,
healthcare professionals need to take this toxicity into account
during chemotherapy administration. However, more research
is needed to substantiate the present study findings as well as
to establish precisely the role of investigational drugs on
organ-level toxicity.

SIGNIFICANCE STATEMENT

This research seeks to assess the protective properties of
tirzepatide in relation to cardiotoxicity and nephrotoxicity
induced by cisplatin and doxorubicin. Previous studies
revealed that cisplatin or doxorubicin can induce
cardiotoxicity and nephrotoxicity by increasing levels of
troponin I, CK-MB, blood urea nitrogen and creatinine levels.
The results indicated that rats administered tirzepatide in
conjunction with cisplatin or doxorubicin exhibited an
increased mortality rate and a reduction in body weight.
Furthermore,  the  combination  of  tirzepatide  with  cisplatin
or doxorubicin did not enhance the elevation of troponin  I,
CK-MB, BUN and creatinine levels. Consequently, the results
also demonstrated the inability of tirzepatide to mitigate the
cardiotoxic and nephrotoxic effects induced by cisplatin or
doxorubicin. Additional studies are necessary in the future to
assess various treatment time points of tirzepatide following
toxicities induced by cisplatin or doxorubicin.
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