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ABSTRACT

Kepok banana (Musa paradisiaca L.) heart is rich in secondary metabolites and has found wide
applications in traditional medicine. This study aimed to assess the safety of Kepok banana heart
extract on the kidney and liver histology in male albino mice. Musa paradisiaca heart extract was
obtained by maceration in 70% ethanol, and the extract was formulated into a suspension. Thirty-
six male albino mice were divided into four groups: a control group and three treatment groups
which received oral administration of the extract for 7, 14, and 21 days at doses of 200, 400, and
800 mg/kg body weight (bw). Liver and kidney samples were taken for histological examination.
The observed parameter was histological tissue damage in the kidneys and liver. The outcome
indicated that the administration of Musa paradisiaca heart extract at doses of 200 - 800 mg/kg
Copyright: © 2025 Husni et al. Thisis an open-access ~ bw did not cause significant damage across all time points. However, at 800 mg/kg bw,
article distributed under the terms of the Creative histological changes, such as hyperemia (day 7) and inflammatory cell infiltration (days 14 and
Commons Attribution License, which permits  21), were observed. On day 14, liver analysis revealed that the 200 and 400 mg/kg bw groups'
unrestricted use, distribution, and reproduction in any  hepatocytes and central vein architectures were normal. Mild periportal inflammatory infiltration
medium, provided the original author and source are  was noted in the 800 mg/kg bw group. These findings suggest that Musa paradisiaca heart extract
credited. is relatively safe at doses of 200 - 400 mg/kg bw but may induce mild tissue alterations at 800
mg/kg bw. Further investigation is recommended to evaluate long-term toxicity and establish
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safety thresholds for potential therapeutic applications.
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Introduction

Kepok banana (Musa paradisiaca L.) hearts thrive in tropical
and subtropical regions. They are often grown in locations at an altitude
of approximately 800 meters above sea level.! In traditional medicine,
the heart of Musa paradisiaca has been used as an antioxidant and
antidiabetic agent and to promote lactation.>® The heart of Musa
paradisiaca contains many secondary metabolites. Plants synthesize
various secondary metabolites that primarily function to protect them
against predators and microbes by acting as toxins and repellents of
microorganisms and herbivores.* In the study conducted by Mahmood
et al. (2011), Musa paradisiaca was reported to contain active
metabolites, including alkaloids, saponins, tannins, flavonoids, and total
phenols or phenolic compounds.® The kidneys and liver are vital organs
with critical roles in maintaining overall health. The kidneys are
responsible for regulating acid-base balance, maintaining fluid levels,
managing electrolytes, like sodium and potassium, and removing waste
products from the body. They also reabsorb essential substances, such
as glucose and amino acids, help regulate blood pressure, produce key
hormones, including erythropoietin, and are involved in the activation
of vitamin D.*The liver, being the body's largest internal organ, is
crucial for metabolic processes, detoxifying harmful substances, and
producing important biochemicals necessary for digestion.”
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Toxicity testing plays a crucial role in evaluating newly developed
drugs before they are approved for human use. Animal models play a
crucial role in biomedical research, including toxicity testing. They
enable a better understanding of pathophysiological mechanisms and
the development of novel therapies while also providing a reliable
platform for toxicological evaluation prior to clinical trials in humans.®
The aim of this study was to examine the histological effects of Musa
paradisiaca heart extract on the liver and kidney tissues of mice.

Materials and Methods

Plant collection and identification

A total of ten kilograms of Musa paradisiaca heart were collected in
August 2024 from Sumanik area in Tanah Datar Regency, West
Sumatra, Indonesia (Coordinates: 0.3806° S, 100.5776° E). The
samples were identified at the Andalas Herbarium, Department of
Biology, Faculty of Mathematics and Natural Sciences, Andalas
University, Padang, Indonesia. Herbarium specimen with voucher
number 625/K-ID/ANDA/VI111/2024 was deposited in the herbarium
unit.

Extract preparation

Powdered Musa paradisiaca L. heart (0.5 kg) was extracted with 70%
ethanol at 1:10 ratio (w/v) by maceration at room temperature for 5
days. The extract was filtered. The residue was re-extracted with the
same solvent, and the extraction process was carried out 3 times. The
combined extract was concentrated in a rotary evaporator running at
45°C and a pressure of 150 bar.?

Preparation of sodium carboxymethyl cellulose suspension

Sodium carboxymethyl cellulose (Na CMC) powder (500 mg) was
placed in a mortar. The powder was dissolved by gradual addition of 10
mL of hot water. After homogenizing the suspension by trituration, it
was made up to 100 mL by addition of distilled water.°
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Preparation of extract suspension

Na CMC (100 mg) was placed into a mortar, and 10 mL of hot water
was added. After expansion, the suspension was crushed until
homogeneous. The suspension was mixed with Musa paradisiaca heart
extract (1, 0.5, and 0.25 g) for doses of 800, 400, and 200 mg/kg bw.
The extract was homogenized and then adjusted to 20 mL with distilled
water.!!

Animals

Thirty-six (36) healthy male Balb/c mice age 2-3 months weighing
between 20 - 30 g were purchased from the animal facility of the Faculty
of Pharmacy, Andalas University, Padang, Indonesia. The mice were
maintained under standard laboratory conditions (temperature 25 + 2°C,
light/dark cycles of 12/12 h) and fed with standard rodent pellets and
drinking water ad libitum. Albino mice were acclimatized to the
laboratory conditions for 7 days before being administered Musa
paradisiaca L. extract.

Ethical approval

The study was approved by the Animal Ethics Committee, Faculty of
Pharmacy, Andalas University, Padang, West Sumatera, Indonesia
(Ethical approval no.: 79/UN16.10.D.KEPK-FF/2024).

Animal grouping and treatment

Thirty-six male albino mice were divided into four groups (A — D) of 9
mice each. Group A served as the control group and received 0.5% Na
CMC. Groups B, C, and D served as the treatment groups and received
suspension of banana heart extract at doses of 200, 400, and 800 mg/kg
bw, respectively. The volume of the test extract administered to the
animals was 0.32 mL/20 g body weight. The test preparations were
administered orally once daily for 7, 14, and 21 days.

Histopathological examination

On days 8, 15, and 22, three mice from each group were humanely
sacrificed under ether anaesthesia, followed by cervical dislocation. The
animals were then dissected for the collection of kidneys and liver. The
harvested organs were rinsed with 0.9% physiological saline, preserved
in buffered formalin solution, and labeled according to their respective
identities. The organs were subsequently submitted to a qualified
professional for histopathological preparation. Histopathological
examination was carried out with the assistance of a specialist in
anatomical pathology. Tissue analysis was performed using a
microscope at 20x magnification with a 1:20 scale. The degree of tissue
damage was observed and recorded based on histopathological damage
scores, thereby providing an overview of the histological changes
occurring in the liver and kidney organs.

Statistical analysis

Descriptive characterizations of the histological damage of the kidneys
and livers were recorded. Histological data of the kidneys were
analyzed using two-way analysis of variance (ANOVA) followed by
Duncan's multiple range test. Histological data of the liver was analyzed
using Kruskal-Wallis test, followed by the Mann-Whitney test.
Significant differences between groups were established at p-value <
0.05.

Results and Discussion

Damage scores of the kidneys

Based on the results of the two-way ANOVA, there was no significant
difference between histological scores for the kidneys and duration of
extract use (p > 0.05). However, the analysis of the histological scores
in relation to dosage demonstrated a significant difference (p < 0.05).
Based on Duncan's multiple range test, the histological score of Group
D was found to be significantly different from that of the control,
Groups B and C. As shown in Figure 1, the average scores of the
control, Groups B and C were nearly the same, classifying these three
groups as normal. No significant damage was recorded in these groups.
The Group D, on the other hand, scored higher on histology than the
other groups. This group was classified as normal-minimal damage.
The classification of this group is based on the score obtained, referring
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to Table 1.

Histological findings of the kidneys on day 7

The effects of the administration of Musa paradisiaca heart extract on
the kidneys after 7 days demonstrated that Groups B and C did not
appear different from the control group. The glomerulus and tubules
were neatly arranged without any damage, which falls within the normal
category. On the other hand, the histological features of the kidneys in
Group D showed damage in the form of hyperemia, as indicated by
black arrows (Figure 2). No significant necrosis was observed in the
kidneys of mice after administering banana heart extract for 7 days.
Reactive hyperemia is a response to local ischemia, in which active
arteriolar vasodilation leads to increased blood flow to the tissue
followed by redness caused by vascular engorgement with oxygen-rich
blood.** A common cause of kidney hyperemia is the entry of toxic
substances that impact the blood vessel walls within the organ. If this
condition persists, it may result in tissue hemorrhage.*> Hyperemia can
return to normal if the underlying cause is eliminated and the body is
able to restore blood flow to a balanced condition.
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Figure 1: Kidney histological damage scores after
administration of banana heart extract

s LS s X

gs of the kidneys in male
albino mice after administration of kepok banana (Musa
paradisiaca L.) heart extract for 7 days. Hematoxylin-Eosin
staining; objective lens magnification: 20x; scale: 1:20; a:
Control group; b: 200 mg/kg bw group; c: 400 mg/kg bw group;
d: 800 mg/kg bw group; G: glomerulus; T: tubules; V: vein;
black arrow: hyperemia
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Histological findings of the kidneys on day 14

The effects of the administration of kepok banana heart extract on the
kidneys after 14 days showed that Groups B and C did not appear
different from the control group. The glomerulus and tubules were
neatly arranged without any damage, which falls within the normal
category. In contrast, the kidney histoarchitecture revealed damage in
the form of inflammatory cell infiltration in Group D, as indicated by
red arrows (Figure 3). No significant necrosis was observed in the
kidneys of mice after administering kepok banana heart extract for 14
days. Inflammation is a complex response at the cellular and molecular
levels, initiated by tissue damage, infections, or other pathological
conditions. Inflammation while acting as a vital defense system, is
characterized by clinical symptoms including redness, swelling, pain,
and increased body temperature.'6

Figure 3: Histopathological findings of the kidneys in male
albino mice after administration of kepok banana (Musa
paradisiaca L.) heart extract for 14 days. Hematoxylin-Eosin
staining; objective lens magnification: 20x; scale: 1:20; a:
Control group; b: 200 mg/kg bw group; c: 400 mg/kg bw
group; d: 800 mg/kg bw group; G: glomerulus; T: tubules; V:
vein; red arrow: inflammatory cell infiltration

Histological findings of the kidneys on day 21

The effects of the administration of banana heart extract for 21 days on
the kidneys of mice is shown in Figure 4. The results indicated that
Groups B and C did not differ from the control group. The glomeruli
and tubules appeared well-organized without any damage, classifying
them as normal. However, in Group D, the image showed damage in
the form of inflammatory cell infiltration, indicated by red arrows
(Figure 4). No significant necrosis was observed in the kidneys of mice
after 21 days of banana heart extract administration. Inflammation at
the tissue level appears as redness, swelling, heat, pain, and loss of
function, resulting from immune responses, changes in blood vessels,
and localized reactions to injury or infection.'” When tissue injury
occurs, the body triggers a series of chemical signals that promote
healing in the affected areas. These signals stimulate the movement of
leukocytes from the bloodstream to the site of damage. Once activated,
these leukocytes release cytokines that initiate inflammatory
responses. 8
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Table 1: Histopathological grading of kidney lesions®?

Score  Description

0 Normal histology

1 Minimal damage
Degeneration of tubular epithelial cells occurs without
notable signs of necrosis or apoptosis.

2 Mild damage
Tubules exhibiting necrosis or apoptosis of epithelial cells,
along with additional accompanying structural changes <
25%.

3 Moderate damage
Tubules exhibiting necrosis or apoptosis of epithelial cells,
along with additional accompanying structural changes
<50%.

4 Severe damage
Tubules exhibiting necrosis or apoptosis of epithelial cells,
along with additional accompanying structural changes
<75%.

5 Extremely severe damage
Tubules exhibiting necrosis or apoptosis of epithelial cells,
along with additional accompanying structural changes
>75%.

Figure 4: Histopathological findings of the kidneys in male
albino mice after administration of kepok banana (Musa
paradisiaca L.) heart extract for 21 days. Hematoxylin-Eosin
staining; objective lens magnification: 20x; scale: 1:20; a:
Control group; b: 200 mg/kg bw group; c: 400 mg/kg bw group;
d: 800 mg/kg bw group; G: glomerulus; T: tubules; V: vein; red
arrow: inflammatory cell infiltration

Damage scores of the liver

The analysis using the Kruskal-Wallis test showed a significant (p <
0.05) difference in histological scores of the liver among the different
groups. Further analysis using the Mann-Whitney test revealed that the
800 mg/kg bw dose group (Group D) was significantly (p < 0.05)
different from the control and Groups B and C. The histological damage
scores indicated that the mean histological scores of the control, Groups
B and C were nearly the same and fell within the normal range (Figure
5). Meanwhile, Group D had a score of 0.5, which is categorized as
normal-minimal damage. The classification of this group is based on
the score obtained, referring to Table 2.

Histological findings of the liver on day 14
After administering banana heart extract at doses of 200-800 mg/kg bw
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for 14 days, the area surrounding the central vein of the liver appeared
normal. No significant pathological changes were observed in the
central vein region, and there was no damage to the liver cells in this
area (Figure 6). The lobule is hexagonally shaped with the central vein
located in the middle of the lobule. It is called the central vein because
of its position at the center or in the middle.*°
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Figure 5: Liver histological damage scores after
administration of kepok banana heart (Musa paradisiaca L.)
extract for 14 days

Figure 6: Histopathological findings of the liver (at central vein) in
male albino mice after administration of kepok banana (Musa
paradisiaca L.) heart extract for 14 days. Hematoxylin-Eosin
staining; objective lens magnification: 20x; scale: 1:20; a: Control
group; b: 200 mg/kg bw group; c: 400 mg/kg bw group; d: 800
mg/kg bw group; V: vein.

The arrangement of central vein branches differs between humans and
rats. In humans, each central vein connects directly to a sublobular vein,
while in rats, two to four central veins usually converge before draining
into the sublobular vein.? The liver is composed of multiple interacting
cell types, with hepatocytes accounting for around 60% of the total cell
population. These hepatocytes are spatially arranged into hexagon-
shaped structures known as lobules, typically containing about 15 layers
of concentric cells. Oxygenated blood, hormones, and nutrients are
delivered via the hepatic artery and portal vein, entering at the outer
edge of each lobule and flowing inward toward a central vein.?! The
research findings showed that the hepatocyte cells forming the liver
were in a normal condition.

After administering banana heart extract at doses of 200-400 mg/kg bw
for 14 days, the histology of the liver in the periportal region showed no
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differences compared to the control group. Hepatocytes around the
periportal zone appeared normal without any damage, classifying
Groups B and C as normal. However, in Group D, inflammatory cells
were present in a small portion of the periportal zone (indicated by red
arrows) (Figure 7), categorizing Group D as normal with minimal
damage. Inflammation in the liver serves as a defense mechanism
against infection and injury. However, excessive inflammation can
result in significant hepatocyte loss, ischemia-reperfusion damage, and
metabolic disturbances.?? The liver functions to eliminate harmful
substances from the body through a process known as detoxification,
which is performed on all substances entering the body, including toxic
compounds.®

Table 2: Liver injury scores and histopathological changes in
hepatocytes following acetaminophen exposure®®

Score Description
0(-) Normal histology

No necrosis of hepatocytes
1(+) Minimal-mild

Focal, confined to the centrilobular region,
with necrosis affecting <25% of the lobules.
2 (+2) Mild-moderate
Focal and multifocal lesions extending from
the central to midzonal areas of the lobule,
involving regions affected by necrosis <50%
of the lobules.
3 (+3) Moderate—severe
Multifocal (centrilobular-portal region)
50% < X < 75% affected lobules are necrotic

4 (+4) Severe
> 75% affected lobules are necrotic
5 (+5) Severe (whole lobules)

The loss of hepatocytes spreads from the
central vein toward the portal region,
impacting neighboring lobules

Figure 7: Histopathological findings of the liver (at periportal
region) in male albino mice after administration of kepok
banana (Musa paradisiaca L.) heart extract for 14 days.
Hematoxylin-Eosin staining; objective lens magnification: 20Xx;
scale: 1:20; a: Control group; b: 200 mg/kg bw group; c: 400
mg/kg bw group; d: 800 mg/kg bw group; red arrow:
inflammatory cell infiltration

The kidneys are more susceptible to the accumulation of toxic
substances due to their continuous filtration process. Therefore, testing
was conducted on days 7, 14, and 21 to observe whether there were
progressive toxic effects over time. The liver, although playing a
primary role in toxin metabolism, tends to exhibit changes more rapidly
and has a higher capacity for recovery. Observation at a single time
point (day 14) may be considered sufficient to assess toxic effects
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without the need for long-term evaluation. Histological testing of Musa
paradisiaca extract is essential if it is to be developed into a
standardized herbal medicine. Histopathological assessment of drug-
induced toxicity plays a crucial role in pharmacovigilance, offering
valuable information about how drugs may negatively impact different
tissues and organs. As pharmaceutical innovation progresses and new
treatments are introduced, evaluating their safety through
histopathological studies has become more essential than ever.?

Conclusion

This study provides preliminary histological evidence supporting the
safety of Musa paradisiaca L. heart extract at doses of 200-400 mg/kg
bw in mice, while suggesting caution at higher doses due to mild tissue
alterations. These findings open opportunities for its development as a
standardized herbal product, provided that further investigations
address its long-term safety, dose optimization, and potential
therapeutic applications. Future studies should explore its effects on
other vital organs, assess biochemical and molecular toxicity markers,
and clarify its pharmacological mechanisms to ensure both efficacy and
safety for prospective clinical use.

Conflict of Interest

The author’s declare no conflict of interest.

Authors’ Declaration

The authors hereby declare that the work presented in this article is
original and that any liability for claims relating to the content of this
article will be borne by them.

Acknowledgements

This study was supported by Andalas University, Indonesia, through
Dana  Penelitian DIPA  Fakultas Farmasi (Grant  No.:
08/UN16.10.D/PJ.01/2023).

References

1. Kemisetti D, Das R, Bhattacharya B. A Comprehensive
Review on Musa paradisiaca Taxonomical, Morphological
Classification and Its Pharmacological Activities. J Pharm
Negat. 2022; 13(10):737-749.

2. Heryani S, Ningrum WM, Mukti AS, Rohmah S.
Conservation of Local Resources: The Role of Kepok
Banana Blossom in Supporting Breast Milk Production. Int
Interdiscip J Cancer Care. 2024; 2(2):16-21.

3. Vilhena RO, Figueiredo ID, Baviera AM, Silva DB, Marson
BM, Oliveira JA, Peccinini RG, Borges IK, Pontarolo R.
Antidiabetic Activity of Musa x paradisiaca Extracts in
Streptozotocin-Induced Diabetic Rats and Chemical
Characterization by HPLC-DAD-MS. J Ethnopharmacol.
2020; 254:1-6.

4. Zaynab M, Fatima M, Abbas S, Sharif Y, Umair M, Zafar
MH, Bahadar K. Role of Secondary Metabolites in Plant
Defense Against Pathogens. Microb Pathogenesis. 2018;
124:198-202.

5. Mahmood A, Ngah N, Omar MN. Phytochemicals
Constituent and Antioxidant Activities in Musa X
paradisiaca Flower. Eur J Sci Res. 2011; 66(2):311-318.

6. Albert Z. Renal Physiology. J Interven Nephrol. 2022;
5(5):66-69.

7. Henry M. The Essential Role of Liver Functioning in
Metabolism, Detoxification, and Overall Health: Insights
from Modern Medicine. J Clin Gastroenterol Hepatol. 2024;
8(4):35.

8. Oliva AD, Avalos IH, Burnes JM, Hernandes AO, Mendoza
AV, Rojas DM. The Importance of Animal Models in
Biomedical Research: Current Insights and Applications.
Animals (Basel). 2023; 13:1-24.

9. Dhipa S, Aldi Y, Husni E. Sub-Acute Toxicity of Banana
(Musa Paradisiaca L.) Heart Extract on Haematological

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Parameters in Mice. Trop J Nat Prod Res. 2024; 8(9):8332 —
8335.

Solekha R, Puspaningsin NNT, Setiyowati PAl,
Kusumanegara SBSM, Mujahid F, Purnobasuki H. The
Effect In Vivo and In Silico Citronella Grass Extract
(Cymbopogon nardus L.) on the Plasma ACE Inhibitory
Activity and Antihypertensive Effect. Res J Pharm Technol.
2023; 16(10):4487-4492.

Dillasamola D, Aldi Y, Fakhri M, Diliarosta S, Oktomalio B,
Noverial. Immnunomodulatory Effect Test from Moringa
Leaf Extract (Moringa oleifera L.) with Carbon Cleareance
Method in Male White Mice. Asian J Pharm Clin Res. 2018;
11(9):241-245.

Ahmed A, Al Tamimi DM, Isab AA, Alkhawajah AMM,
Shawarby MA. Histological Changes in Kidney and Liver of
Rats Due to Gold (111) Compound [Au(En)CI2]CI. Plos One.
2012; 7(12):1-11.

Azam FM, Fazila SHN, Fatin RA, Noordin MM, Yimer N.
Histopathological Changes of Acetaminophen-Induced
Liver Injury and Subsequent Liver Regeneration in BALB/C
and ICR Mice. Vet World. 2019; 12:1682-1688.
Rosenberry R and Nelson MD. Reactive Hyperemia: A
Review of Methods, Mechanisms, and Considerations. Am J
Physiol Regul Integr Comp Physiol. 2020; 318(3):R605—
R618.

Cheville NF. Introduction to Veterinary Pathology. The lowa
State University Press; 1999.

Ozdemir S. Inflammation: Complexity and Significance of a
Protective Mechanism. J Acute Dis. 2024; 13(1):3-7.
Takeuchi O and Akira S. Pattern Recognition Receptors and
Inflammation. Cell. 2010; 140:805-820.

Jabbour HN, Sales KJ, Catalano RD, Norman JE.
Inflammatory Pathways in Female Reproductive Health and
Disease. Reprod. 2009; 138:903-919. doi: 10.1530/REP-09-
0247.

Green S, Dobrjansky A, Chiasson MA. Murine Tumor
Necrosis-Inducing Factor: Purification and Effects on
Myelomonocytic Leukemia Cells. J Natl Cancer Inst. 2012;
68(6):997-1003.

Sumadewi KT. Embryology, Anatomy and Physiology of the
Liver: Review. Int J Clin Anal Pathol. 2023; 10(4):138-144.
Cunningham RP and Porat-Shliom N. Liver Zonation—
Revisiting Old Questions with New Technologies. Front
Physiol. 2021; 12:1-17.

Brenner C, Galluzzi L, Kepp O, Kroemer G. Decoding Cell
Death Signals in Liver Inflammation. J Hepatol. 2013;
59:583-594.

Yolanda S, Etriwati, Erwin, Masyitha D, Roslizawaty, Sayuti
A. Histopathological of White Rat (Rattus norvegicus) Liver
After Implantation of Metal Wire Material. J Immunol Vet
Sci. 2022; 6(4):234-242.

Ravish G. Decoding Drug Toxicity: Histopathological
Insights into Tissue Reactions and Mechanisms of Adverse
Effects. J Interdiscip Histopathol. 2024; 12(1):1-2.

4888

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



