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Introduction

Isoproterenol (ISP) treatment is an established model for inducing myocardial
infarction (MI). In acute MI, compromised renal function may result from
preexisting kidney disease, acute renal failure, or the effects of pharmaceuticals and
contrast agents used during diagnostic or therapeutic procedures, which are
reflected by changes in biochemical indices.

Purpose

Musa cavendish (MC), commonly known as banana, is a staple food in many regions
worldwide. MC has demonstrated ameliorative effects against hepato-renal
damage caused by various pathologies. This study aimed to investigate the effects
of Musa cavendish on isoproterenol-induced renal and hepatic injury in Wistar rats.
Methods

Wistar rats were divided into six groups. Groups 4 to 6 received MC at doses of 100,
200, and 400 mg/ kg, respectively, for 30 days. Groups 2 to 6 were also administered
ISP (85 mg/kg) on days 29 and 30.

Results

Results showed significant reductions in sodium, bicarbonate, and chloride levels,
as well as elevations in urea and creatinine, which were reversed in the MC
treatment groups. Additionally, increases in potassium, alkaline phosphatase
(ALP), aspartate aminotransferase (AST), alanine aminotransferase (ALT), albumin,
and both direct and total bilirubin observed in the control groups were also
reversed following MC treatment.

Conclusion

In conclusion, Musa cavendish ameliorates isoproterenol-induced renal and hepatic
injury in Wistar rats.
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INTRODUCTION

An established model for the induction of myocardial
infarction (MI) is treatment with isoproterenol (ISP).
Isoproterenol, a non-selective [-adrenergic agonist, is
known to produce MI when administered at doses above
therapeutic levels (up to 85 mg/kg; Huang et al.,, 2018).
heightened
peroxidation, depletion of antioxidants, production of

Following treatment, ISP induces lipid
inflammatory cytokines, intracellular Ca?* overload, and
apoptosis, ultimately resulting in myocardial necrosis
(Boarescu et al., 2019). Continuous activation of p-
adrenergic receptors by isoproterenol induces oxidative
stress, myocardial inflammation, thrombosis, platelet
aggregation, and calcium overload, which finally leads to
myocardial infarction (Garg & Khanna, 2014). The
expression of B-adrenergic receptors has been noted in
various kidney subunits, including proximal tubules,
glomeruli, and podocytes, and these receptors are involved
in Na*-ATPase activity and transcellular Na* transport
through protein kinase C activation (Arif & Nihalani, 2019).
Compromised renal function is a risk factor for
cardiovascular disease and a negative prognostic indicator
in patients with existing cardiovascular disease. In acute
myocardial infarction, compromised renal function may
arise from preexisting kidney disease, acute renal failure,
and the influence of pharmaceuticals and contrast agents
utilised during diagnostic or therapeutic interventions; this
is often made evident by changes in biochemical indices
(Lekston et al., 2009). Moreover, Zhou et al. (2022) used ISP
to construct a kidney injury model and studied the
ameliorative effects of sophocarpine on ISP-induced kidney
injury. The model demonstrated that inflammatory
cytokines such as IL-1p, IL-6, TNF-a, MCP-1, and NLRP3
increased following ISP challenge. Furthermore, at the
doses of ISP used for MI induction, hepatic injury was also
observed. Zhou et al. (2022) reported increased serum AST

and total protein levels in rats treated with ISP at 3.0

mg/kg.

Similarly, Zhang et al. (2024) assessed the detrimental
effects of ISP on major organs and the potential reversibility
of these adverse effects in mice. They found that ISP doses
of 0.2 mg/kg and 3.0 mg/kg caused liver damage, with the
higher dose producing more severe injuries.

Musa cavendish, commonly known as banana, is a staple
food in many regions of the world. Musa cavendish peels
have demonstrated nephroprotective properties and
glucose-lowering effects in alloxan-induced diabetic rats
(Navghare & Dhawale, 2016). Additionally, Musa cavendish
has ameliorated hepato-renal damage and exerted anti-
inflammatory and anti-apoptotic effects in metal mixture-
mediated hepatic nephropathy via activation of
Nrf2/Hmox-1 and inhibition of the NF-xB pathway (Eddie-
Amadi et al., 2022).

Despite the availability of drugs such as propranolol for the
management of myocardial infarction, there remains a need
for other readily available and accessible alternatives. This
study, therefore, aimed to investigate the effects of Musa
cavendish on isoproterenol-induced renal and hepatic injury
in Wistar rats, highlighting its potential benefits in human
studies to combat the rising incidence and prevalence of
myocardial infarction.

METHOD

Experimental Animals

Healthy adult male Wistar rats aged 12-15 weeks and
weighing 220-280 g were randomly selected for the study.
The animals were sourced from the Animal House of the
Pharmacology Department at Delta State University,
Abraka, Delta State, Nigeria. The rats underwent a 14-day
acclimatization period under controlled temperature and
relative humidity, with a 12:12 light-dark cycle. They were
provided with standard animal pellet feed and clean water
ad libitum.

Ethical Considerations

All animal handling and experiments adhered to the
guidelines established by the National Institute of Health
Guide for the Care and Use of Laboratory Animals and
were approved by the ethical committee of the Faculty of
Basic Medical Sciences, Delta State University, Abraka
(Ethical clearance No: RBC/FBMC/DELSU /24 /648).

Plant Extraction

The pulp of Musa cavendish (MC) was separated from the
bark, washed, rinsed, and diced. The diced samples were
dried at room temperature until a consistent weight was
achieved. The dried Musa pulp was crushed into powder
and stored in an airtight plastic container at room
temperature. The powdered pulp was dissolved in distilled
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water and allowed to stand for 72 hours at room
temperature, stirred regularly with a glass rod, and then
filtered using Whatman No. 1 filter paper to obtain the
crude aqueous extract of Musa cavendish. The filtrate was
concentrated using a lyophilizer and stored in the
refrigerator when not in use.

Research Design
This study employed an experimental design. Rats were
divided into six groups receiving the following treatments:

e Group 1: Distilled water (normal control)

e Group 2: ISP + distilled water (negative control)

e Group 3: ISP + propranolol (PRO) + distilled water
(positive control)

e Group 4: ISP + MC (100 mg/kg)

e Group 5: ISP + MC (200 mg/kg)

e Group 6: ISP + MC (400 mg/kg)

(Doses: distilled water 10 mg/kg orally; ISP 85 mg/kg subcutaneously; PRO 0.5
mg/ kg; MC doses as above)

Measurement of Renal Indices

Renal indices were measured using established protocols:
creatinine (Heinegard & Tiderstrom, 1973), urea (Tobacco,
1979), sodium (Maruna, 1958), potassium (Berry et al.,
1989), calcium (Leary et al., 1992), serum bicarbonate
(Forrester etal., 1976), and chloride (Skeggs & Hochstrasser,
1964).

Determination of Liver Enzymes

Alanine aminotransferase (ALT),

aminotransferase (AST), and alkaline phosphatase (ALP)

aspartate

were measured as described by Reitman and Frankel (1957),
while total protein (TP) concentration was determined
following Weichselbaum (1946).

Statistical Analysis

Data were presented as mean + SEM. Results were analysed
using one-way analysis of variance (ANOVA), followed by
Student’s Newman-Keuls post hoc test to determine the
source of significant main effects, using GraphPad InStat®
Biostatistics software. Statistical significance was set at p <
0.05.

RESULTS

Effects of Aqueous MC Extract on Renal Indices in
[soproterenol-Induced Myocardial Infarction

Figures 1 to 5 and Table 1 reflect the renal biochemical
changes caused by ISP-induced myocardial infarction in
Wistar rats and the role of Musa cavendish in reversing or
preventing these changes.

Effects of Aqueous MC Extract on Serum Sodium Concentration
Figure 1 shows a significant decrease (p < 0.05) in serum
sodium concentration in the ISP group compared to the
normal control group. Marked and significant elevations (p
< 0.05) were observed in the treatment groups administered
MC at 100, 200, and 400 mg/kg when compared with the
ISP control group. Furthermore, compared to the normal
control group, the MC extract treatment groups at 200 and
400 mg/kg demonstrated a significant increase (p < 0.05) in
sodium concentration.

Figure 1:

Effects of aqueous MC extract treatment on serum sodium concentration in isoproterenol-induced
myocardial infarction

600
g =2 Contrd

— mm ISP 85 mglkg

o

W 400 E@ ISP+PRO (5 mg/kg

E &= ISP+Extract 1 mg/kg

=

=§ 200 = ISP+Extract 209 mgikg

@ oo ISP+Extract 400 mglkg

0
Treatment Groups

All values are expressed as mean * standard error of the mean (SEM); n =6, * =p <
0.05 when compared with normal control; # = p < 0.05 when compared with MI

control. Control = Normal control; ISP = Isoproterenol; PRO = Propranolol; Extract =
Musa cavendish (MC)

Effects of Aqueous MC Extract on Serum Bicarbonate
Concentration

Figure 2 shows a significant decrease (p < 0.05) in serum
bicarbonate concentration in the ISP group compared to the
normal control group, and a marked and significant
elevation (p <0.05) in the treatment group administered MC
extract at 100 mg/kg compared to the ISP control group.
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Figure 2:
Effects of aqueous MC extract treatment on serum bicarbonate concentration in
isoproterenol-induced myocardial infarction

30 #
= # T =3 Control
&= = ISP g5 mgikg
.E. 20+ E@ ISP+PRO 45 mgikg
E &= ISP+Extract 199 mg/kg
§ 10 £ ISPHEXtract 200 mgkg
5 oo ISP+Extract 400 mg/kg
0- T
Treatment Groups
All values are expressed as mean + SEM; n = 6; * = p < 0.05 when compared with

normal control; # = p < 0.05 when compared with MI control. Control = Normal

control; ISP = Isoproterenol; PRO = Propranolol; Extract = Musa cavendish (MC)

Effects of Aqueous MC Extract on Serum Potassium and Calcium
Concentrations

Table 1 shows a significant decrease (p < 0.05) in serum
potassium concentration in the ISP group compared to the
normal control group. The treatment group administered
MC extract at 100 mg/kg demonstrated a marked and
significant elevation (p < 0.05) in serum potassium
concentration compared with the ISP control group.

Serum calcium was significantly elevated in the MI control
group compared to the normal control. Treatment groups
at 100, 200, and 400 mg/kg also showed elevated calcium
compared to the negative control group, with only the 200
and 400 mg/kg groups exhibiting statistically significant
elevations (p < 0.05).

Table 1:
Effects of Aqueous MC Extract on Serum Potassium and Calcium Concentrations

Group K* (mEq/L) Ca?* (mEq/L)
Control 3.90 £ 0.09 4.07 £0.52

1sp 2.35 £ 0.05* 5.90 £ 0.09*

ISP + PRO 5 mg/kg 3.80 £ 0.41# 6.77 £ 0.74*

ISP + Extract 100 mg/kg 3.57 +0.28# 6.30 +£1.34*

ISP + Extract 200 mg/kg 3.70 £ 0.77# 8.23 £ 0.67*#

ISP + Extract 400 mg/kg 4.55 £ 0.10# 8.47 £ 0.45*#

All values are expressed as mean + SEM; n = 6; * = p < 0.05 compared to normal
control; # = p < 0.05 compared to MI control. Control = Normal control; ISP =

Isoproterenol; PRO = Propranolol; Extract = Musa cavendish (MC); K* = Potassium

ion; Ca2* = Calcium ion

Effects of Aqueous MC Extract on Serum Chloride Concentration
Figure 3 shows no significant difference in serum chloride

concentration between the ISP and normal control groups.
However, the treatment groups administered MC extract at
100, 200, and 400 mg/kg demonstrated marked and
significant elevations (p < 0.05) in serum chloride compared
with both the normal control and ISP control groups.

Figure 3:

Effects of aqueous MC extract treatment on serum chloride concentration in
isoproterenol-induced myocardial infarction

150
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=
S 504 = ISP+Extract 290 mg/kg
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Treatment Groups
All values are expressed as mean + SEM; n = 6; * = p < 0.05 when compared with

normal control; # = p < 0.05 when compared with MI control. Control = Normal

control; ISP = Isoproterenol; PRO = Propranolol; Extract = Musa cavendish (MC)

Effects

Concentration

of Aqueous MC Extract on Serum Creatinine
Figure 4 shows a significant increase (p < 0.05) in serum
creatinine concentration in the ISP group compared to the
normal control group. The treatment groups administered
MC extract at 100, 200, and 400 mg/kg demonstrated
marked and significant reductions (p < 0.05) in serum
creatinine compared to the ISP control group.

Figure 4:

Effects of aqueous MC extract treatment on serum creatinine concentration in
isoproterenol-induced myocardial infarction

1.5
= Control

§ mm ISP g5 mglkg
m *
._E, 1.0 Ea ISP+PRO g5 mglkg
g B8 ISP+Extract 1gg mg/kg
c
.‘§ 0.5+ = ISP+Extract 200 mglkg
5 oo ISP+Extract 449 mg/kg

0.0-

Treatment Groups
All values are expressed as mean + SEM; n = 6; * = p < 0.05 when compared with

normal control; # = p < 0.05 when compared with MI control. Control = Normal
control; ISP = Isoproterenol; PRO = Propranolol; Extract = Musa cavendish (MC)

Effects of Aqueous MC Extract on Serum Urea Concentration
Figure 5 shows a significant increase (p < 0.05) in serum
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urea concentration in the ISP group compared to the normal
control group. The treatment groups administered MC
extract at 100, 200, and 400 mg/kg demonstrated significant
reductions (p < 0.05) in serum urea compared with the ISP
control group.

Figure 5:

Effects of aqueous MC extract treatment on serum urea concentration in
isoproterenol-induced myocardial infarction

25
= Control
_ 20 M ISP g5 mgrkg
T
"‘6‘ 15_ m ISP+PRO 0.5 mgfkg
-E— &8 ISP+Extract 19g malkg
@ 10
g = ISP+Extract 200 mglkg
5 oo ISP+Extract 400 mg/kg
0-
Treatment Groups
All values are expressed as mean + SEM; n = 6; * = p < 0.05 when compared with
normal control; # = p < 0.05 when compared with MI control. Control = Normal
control; ISP = Isoproterenol; PRO = Propranolol; Extract = Musa cavendish (MC)

Effects of Aqueous MC Extract on Liver Indices in Isoproterenol-
Induced Myocardial Infarction

Figures 6 to 12 show biochemical changes in the liver
caused by ISP-induced myocardial infarction in Wistar rats
and the role of Musa cavendish in reversing or preventing
these changes.

Effects of Aqueous MC Extract on Alkaline Phosphatase (ALP)
Figure 6 shows a significant increase (p < 0.05) in serum
ALP concentration in the ISP group compared to the normal
control group. Treatment groups administered MC extract
at 100, 200, and 400 mg/kg showed significant decreases (p
< 0.05) in serum ALP compared to the ISP control group.
Only the 200 and 400 mg/kg groups were significantly
reduced (p < 0.05) compared to the normal control group.

Figure 6:
Effects of aqueous MC extract treatment on serum ALP concentration in
isoproterenol-induced myocardial infarction

40 *

Control

ISP g5 mgikg
ISP+PRO 0.5 mglkg

ISP+Extract 10g ma/kg

ALP (IU/L)

ISP+Extract 200 mg/kg

BEOEEBNRDO

ISP+Extract 400 mgrkg

Treatment Groups

All values are expressed as mean + SEM; n = 6; * = p < 0.05 when compared with
normal control; # = p < 0.05 when compared with MI control. Control = Normal
control; ISP = Isoproterenol; PRO = Propranolol; Extract = Musa cavendish (MC)
Effects of Aqueous MC Extract on Alanine Transaminase (ALT)
Figure 7 shows a significant increase (p < 0.05) in serum
ALT concentration in the ISP group compared to the normal
control group. Treatment groups administered MC extract
at 100, 200, and 400 mg/kg demonstrated significant
decreases (p < 0.05) in serum ALT compared to the ISP
control group. The 100 mg/kg MC extract group also
showed a significant decrease (p < 0.05) compared to the
normal control.

Figure 7:

Effects of aqueous MC extract treatment on serum ALT concentration in
isoproterenol-induced myocardial infarction

10
Control

ISP g5 mgikg
ISP+HPRO ¢ 5 mglkg

ISP+Extract 10p mag/kg

ALT (lU/L)

ISP+Extract 200 mg/kg

BEOEENRD

ISP+Extract 400 mg/kg

Treatment Groups

All values are expressed as mean = SEM; n = 6; * = p < 0.05 when compared with
normal control; # = p < 0.05 when compared with MI control. Control = Normal
control; ISP = Isoproterenol; PRO = Propranolol; Extract = Musa cavendish (MC)

Effects of Aqueous MC Extract on Aspartate Aminotransferase
(AST)

Figure 8 shows a significant increase (p < 0.05) in serum
AST concentration in the ISP group compared to the normal
control group. Treatment groups administered MC extract
at 100, 200, and 400 mg/kg demonstrated significant

Orapuh | orapj.orapuh.org

https://dx.doi.org/10.4314/orapj.v6i7.61



https://orapj.orapuh.org/

Umukoro et al., Orapuh Journal 2025, 6(7), e1261

Musa cavendish ameliorates isoproterenol-induced renal and hepatic injury in
Wistar rats

decreases (p < 0.05) in serum AST compared to the ISP
control group. The 400 mg/kg MC extract group also
showed a significant increase (p < 0.05) compared to the
normal control.

Figure 8:

Effects of aqueous MC extract treatment on serum AST concentration in isoproterenol-
induced myocardial infarction

155
. = Control
mm ISP 85 mg/kg

g 10 Ea ISP+PRO (5 mg/kg
E # B8 ISP+Extract 190 mg/kg
2 s E = ISP+Extract 299 mg/kg

E oo ISP+Extract 499 ma/kg

o =
Treatment Groups
All values are expressed as mean + SEM; 1 = 6; * = p < 0.05 when compared with

normal control; # = p < 0.05 when compared with MI control. Control = Normal

control; ISP = Isoproterenol; PRO = Propranolol; Extract = Musa cavendish (MC)

Effects  of  Aqueous  MC Albumin
Figure 9 shows a significant increase (p < 0.05) in serum

Extract on

albumin concentration in the ISP group compared to the
normal control group. Treatment groups administered MC
extract at 100, 200, and 400 mg/ kg demonstrated significant
decreases (p < 0.05) in serum albumin compared to the ISP
control group. The 400 mg/kg MC extract group also
showed a significant increase (p < 0.05) compared to the
normal control.

Figure 9:

Effects of aqueous MC extract treatment on serum albumin concentration in
isoproterenol-induced myocardial infarction

8-
=1 Control
*
= 6- - ISP 85 mg/kg
)
D EA ISP+PRO g 5 mgikg
E 4+ B3 ISP+Extract 190 mg/kg
H = ISP+Extract 200 mgikg
<
O ISP+Extract 490 mgikg
Treatment Groups
All values are expressed as mean + SEM; n = 6; * = p < 0.05 when compared with

normal control; # = p < 0.05 when compared with MI control. Control = Normal
control; ISP = Isoproterenol; PRO = Propranolol; Extract = Musa cavendish (MC)

Effects of Aqueous MC Extract on Total
Figure 10 shows no significant change (p > 0.05) in total

Protein

protein concentration between the ISP and normal control
groups. Treatment groups administered MC extract at 100,
200, and 400 mg/kg showed significant increases (p < 0.05)
in total protein compared to both ISP and normal control

groups.

Figure 10:
Effects of aqueous MC extract treatment on total protein in isoproterenol-induced
myocardial infarction

87 T = Control
i;’ 6 MT] mm [SP 85 mg/kg
= @ ISP+PRO §5 mgikg
8 B ISP+EXIract 100 mikg
g 3 ISP+EXtract 500 mgikg
L oo ISP+Extract 400 mgikg
04 T
Treatment Groups
All values are expressed as mean + SEM; n = 6; * = p < 0.05 when compared with

normal control; # = p < 0.05 when compared with MI control. ISP = Isoproterenol;
PRO = Propranolol; Extract = Musa cavendish (MC)

Effects

Concentration

of Aqueous MC Extract on Direct Bilirubin
Figure 11 shows no significant increase (p > 0.05) in direct
bilirubin concentration in the ISP group compared to the
normal control group. Treatment groups administered MC
extract at 100, 200, and 400 mg/kg showed significant
increases (p < 0.05) in direct bilirubin compared to both ISP
and normal control groups.

Figure 11:

Effects of aqueous MC extract treatment on serum direct bilirubin concentration in
isoproterenol-induced myocardial infarction

0.10
= Control
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c
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Treatment Groups
All values are expressed as mean = SEM; n = 6; * = p < 0.05 when compared with

normal control; # = p < 0.05 when compared with MI control. Control = Normal
control; ISP = Isoproterenol; PRO = Propranolol; Extract = Musa cavendish (MC); D.
bilirubin = Direct bilirubin
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Effects of Aqueous MC Extract on Total Bilirubin Concentration
Figure 12 shows no significant increase (p > 0.05) in total
bilirubin concentration in the ISP group compared to the
normal control group. Treatment groups administered MC
extract at 100, 200, and 400 mg/kg showed significant
increases (p < 0.05) in total bilirubin compared to both ISP
and normal control groups.

Figure 12:

Effects of aqueous MC extract treatment on serum total bilirubin concentration in
isoproterenol-induced myocardial infarction

0.20
# = Control
— *# *#
3 # ISP
2 0.15+ = i - 85 mg/kg
5 Ea ISP+PRO 0.5 malkg
c
:E 0.10 &8 ISP+Extract 49g mg/kg
= = ISP+Extract 200 mg/kg
m 0,054
- oo ISP+Extract 400 mg/kg
0.00- .
Treatment Groups
All values are expressed as mean + SEM; n = 6; * = p < 0.05 when compared with
normal control; # = p < 0.05 when compared with MI control. Control = Normal
control; ISP = Isoproterenol; PRO = Propranolol; Extract = Musa cavendish (MC); T.
bilirubin = Total bilirubin
DISCUSSION

Effects on Renal Indices

Potassium

The results of potassium in this study reveal significant
implications for the protective and therapeutic role of Musa
cavendish in isoproterenol-induced myocardial infarction. It
has often been postulated anecdotally that banana holds
significant potential in maintaining normal body potassium
levels as well as managing hypokalemia. Quan et al. (2024),
who studied the effect of banana intake on serum
potassium levels in patients undergoing maintenance
haemodialysis, concluded that consuming approximately
250 g of bananas at the start of haemodialysis does not lead
to hyperkalemia. However, it can effectively reduce the
incidence of hypokalemia and arrhythmias, and prevent a
rapid decline in serum potassium levels during
haemodialysis. Both hypokalemia and hyperkalemia are
variably found at presentation in myocardial infarction
(MI) and have been the basis of research into the role of
potassium in both the occurrence and severity of MI. The

clinical study by Ravn et al. (2020) reviewed the prevalence

of MI patients with potassium disturbances at presentation
(20.8%) than
hyperkalemic cases (1.6%), with most being normokalemic

and found more hypokalemic cases
(77.6%). Moreover, potassium disturbances were found to
lead to a higher frequency of ventricular arrhythmia and
cardiac arrest (Ravn et al., 2020).

Furthermore, numerous pharmacological agents and
strategies have been used for cardiac protection and
reduction of infarct size in patients with MI. Aside from
agents or devices that can restore and maintain reperfusion,
only beta-blockers have been shown to have
cardioprotective effects (Hammerman et al., 1984). This
plays a significant therapeutic role in MI, especially in
patients with a high circulating adrenergic concentration, as
replicated by induction of MI with isoproterenol, a non-
selective sympathomimetic catecholamine (Ma et al., 2023).
This study found a non-significant reduction in serum
potassium in the negative control group compared to the
normal control, consistent with existing knowledge on the
effects of isoproterenol on serum potassium (Brembilla-
Perrot et al., 1993; Dhalla et al., 2024). Dhalla et al. (2024)
further describe the mechanism by which this hypokalemic
effect is achieved as depression of the sodium-potassium
ATPase (Na*/K" ATPase) pump. The opposing effects of
beta blockers such as propranolol on isoproterenol and
consequently on serum potassium, as reported by other
authors, were also evident in this study. The effects of Musa
cavendish on serum potassium in isoproterenol-induced
myocardial infarction are as presented in Table 1 and are
similar to the prophylactic effects of Costus and selenium
nanoparticles on serum potassium in isoproterenol-

induced MI documented by Abbas et al. (2022).

Calcium

This study showed a significant increase in serum calcium
in the MI control group compared to the normal control
animals. Furthermore, the treatment groups (200 mg/kg
and 400 mg/kg) also demonstrated significant increases in
serum calcium compared to the 100 mg/kg treatment
group as well as the positive and negative control groups.
These patterns differ from those reported by Abbas et al.
(2022), who found that while isoproterenol-only treated
animals had a significant increase in serum calcium,
treatment with Costus or selenium nanoparticles caused a
decrease in serum calcium. This discrepancy may be
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explained by the fact that Musa cavendish has been shown to
contain a high concentration of dietary calcium and,
according to Keivani et al. (2020), causes an increase in
measured serum calcium. However, this does not bode well
for the possible preventive or therapeutic effects of Musa
cavendish on isoproterenol-induced myocardial infarction,
as high serum calcium concentrations are associated with
increased cardiovascular disease risk (Bolland et al., 2010;
Larsson et al., 2017) and increased mortality in MI
(Shiyovich et al., 2018).

Urea and Creatinine

This study found a significant increase in serum urea and
creatinine in animals treated with isoproterenol, which was
alleviated in the Musa cavendish treatment groups, but not
in a dose-dependent manner. Lobo Filho et al. (2011) and
Subashini and Rajadurai (2011) similarly found increases in
serum urea, but only Subashini and Rajadurai (2011)
reported creatinine results comparable to those in this
study.

Effects on Liver Biomarkers

In the absence of structural liver diseases, elevated liver
enzymes may result from hepatic hypoperfusion due to low
cardiac output (“shock liver”) or from elevated central
venous filling pressures due to right ventricular failure with
passive liver congestion (Alvarez & Mukherjee, 2011). Both
conditions may arise from decompensated chronic heart
failure or acute heart failure following myocardial
infarction. Thus, elevated liver enzymes and cardiac
performance are tightly linked, with increases in aspartate
transaminase (AST), alanine transaminase (ALT), alkaline
phosphatase (ALP), total bilirubin (TB), and gamma-
glutamyl transferase (GGT). In shock liver, transaminase
elevations are usually markedly higher compared to
congestive liver damage (Huseynov et al., 2016). In this
study, ALP values were significantly reduced in the 200
mg/kg and 400 mg/kg treatment groups compared to the
normal control, but there was no significant difference
compared to the negative control. The variance in ALP
concentration changes between this study and that by
Huseynov et al. (2016) may be due to methodology; shock
liver typically develops over a longer period than allowed
in this study’s protocol.

Effects on ALP, AST, and ALT

Serum AST is mainly found in the liver, cardiac muscle, and
other tissues, whereas serum ALT is primarily found in the
liver (Kalra et al., 2018). Increased ALP is associated with
poor clinical outcomes in patients with ST-elevation
myocardial infarction (STEMI); elevated ALP levels at
presentation —even within the upper limit of normal —are
independently associated with a higher risk of major
adverse events after primary percutaneous coronary
intervention (PCI) for STEMI (Tonelli et al., 2009). These
enzymes are sensitive indicators of liver cell injury but are
also useful in diagnosing and prognosticating diseases such
as MI (Djakpo et al., 2020). This study found a significant
increase in ALP, AST, and ALT in the ISP treatment group
compared to the normal control, with a corresponding
significant difference in the Musa cavendish treatment
groups compared to the negative control. These results
align with findings by Tonelli et al. (2009), Subashini and
Rajadurai (2011), and Abbas et al. (2022), further validating
the study’s protocols and demonstrating a protective effect
of Musa cavendish on isoproterenol-induced myocardial
injury. The significant difference in the AST/ALT ratio
between the Musa cavendish treatment groups and the ISP
treatment groups also suggests that Musa cavendish may
play an instrumental role in limiting mortality and
morbidity from MI.

Effects on Albumin

Albumin is the most abundant plasma protein and plays a
regulatory role in body fluid distribution, acid-base
physiology, and binding of essential components in the
bloodstream (Sheinenzon et al., 2021). This study showed a
statistically significant increase (p < 0.05) in albumin levels
in groups 3 to 6 compared to the normal control; this
increase was preserved only in group 6 when compared to
the negative control. This finding aligns with other studies
showing that low serum albumin concentrations are
associated with first incident acute myocardial infarction
(AMI) in a dose-response manner across age groups and
sexes in the Chinese Han population. A meta-analysis
demonstrated that a 4 g/L difference in serum albumin
predicted a 50% increased risk of coronary artery disease
(CAD). The adjusted risk ratios for MI were 1.49 (95% CI,
1.01-2.21) for men and 212 (1.06-4.27) for women,
comparing those in the bottom third to those in the top third
of serum albumin levels (He et al., 2016; Xia et al., 2018).
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Effects on Serum Bilirubin

Direct and total bilirubin levels in groups 3 to 6 were
significantly higher than those in groups 1 and 2 (p < 0.05).
This corresponds with findings by Keivani et al. (2019), who
reported significant increases in total bilirubin after
administration of Musa cavendish. Additionally, the high
amounts of unsaturated fatty acids (linolenic, linoleic, and
oleic acids) in banana pulp correlate with bilirubin
concentrations (Oliveira et al., 2008). Serum bilirubin is a
marker of heme oxygenase activity and has been suggested
as a predictor of thrombus burden in AMI patients. Hamur
etal. (2015) found that patients with high thrombus burden
had higher total bilirubin levels. Bilirubin is also an
important endogenous antioxidant; physiologically
increased total bilirubin is associated with reduced risk of
first myocardial infarction but is linked to increased risk of
major adverse cardiac events (MACEs) in stable CAD
patients. These findings correspond with the index study
results, showing serum bilirubin peaks 21 hours after
coronary intervention (Okuhara et al., 2010; Yao et al., 2015).
This suggests a protective role of Musa cavendish in
isoproterenol-induced MI. However, the use of serum total
bilirubin levels to predict MACEs and long-term mortality

remains conflicting (Shen, 2019).

Limitations

This study utilised isoproterenol to induce hepato-renal
damage resulting from both direct toxicity of the drug and
indirect effects on the heart, specifically myocardial
infarction. The inability to differentiate between direct and
indirect impacts is a limitation. Isoproterenol is not used
clinically; nonetheless, the indirect consequences are
pertinent as myocardial infarction results in hepato-renal
impairment. Therefore, further studies are needed to
determine whether the hepato-renal damage induced by
isoproterenol is direct or indirect. Additionally, imaging
and histological studies were not conducted due to
constraints, which are

logistical and financial

recommended for future research.

CONCLUSION

Whereas isoproterenol induces significant and extensive
hepato-renal damage, Musa cavendish appears protective of
renal impairment, as demonstrated by decreased urea,
creatinine, and electrolyte levels. Changes in liver indices
following Musa cavendish administration also indicate

amelioration of isoproterenol-induced damage. Although
there was a significant calcium increase in rats treated with
isoproterenol that was not reversed by Musa cavendish, this
did not counteract the ameliorative effects on hepato-renal
damage. There are documented severe affectations of renal
and hepatic tissues in patients with acute myocardial
infarction, similar to those simulated by isoproterenol in
this study.

Recommendations

Despite the limitations of this study, the findings suggest
that Musa cavendish (MC) may offer protective benefits
against the hepato-renal complications associated with
myocardial infarction. It is therefore recommended that
further research be conducted to explore the translational
potential of MC in human subjects who are at risk of
developing myocardial infarction. Dietary
supplementation with MC could represent an affordable,
accessible, and cost-effective preventive strategy for
mitigating myocardial infarction-related complications in

high-risk individuals.
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