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Article History: Abstract: Background: Breast cancer is the most prevalent and often 
fatal malignancy among women, affecting both developed and 

developing countries. Doxorubicin has risk of cardiotoxicity, 

particularly cardiomyopathy, and increases with improved patient 

prognosis. Bromelain offers extensive beneficial properties, such as 

treating cardiovascular disorders.  Objective: This study was 

conducted to determine the histologic effect of bromelaine on 

myofibril loss and vacuolization of cardiac muscle.  Methods: This 

study employed an experimental design with a posttest-only control 

group using in vivo Wistar rats (Rattus norvegicus) as experimental 

animals.  Results: Doxorubicin administration resulted in statistically 

significant cardiac damage when compared to the negative control 

group [Mean (SD) P1 vs P2: 0.70 (0.308) vs 1.66 (0.313), p-value = 

0.001]. Bromelain administration significantly reduced the damage 

score compared to doxorubicin alone [Mean(SD) P2 vs P3: 0.70 

(0.308) vs 1.16 (0.270), p-value = 0.027].  Conclusion: There was a 

statistically significant difference observed in the effect of bromelain 

on myofibril loss and vacuolization within the cardiac muscle tissue of 
Wistar rats administered doxorubicin. 
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INTRODUCTION 
 
Breast cancer is the most prevalent and often fatal 
malignancy among women, affecting both developed 
and developing countries. According to the 2018 
GLOBOCAN estimates by the International Agency 
for Research on Cancer (IARC), there were 
approximately 2.1 million new breast cancer cases 

worldwide (11.6% of all cancers), resulting in 626,679 
deaths (15% of all cancer deaths).[1] In Indonesia, the 
prevalence of breast cancer reached 0.5 per 1000 
women (Ministry of Health of the Republic of 
Indonesia, 2015). Data from Dr. Soetomo Hospital 
revealed that 77% of patients presented with 
advanced-stage disease. Cancer Research UK 
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reported that between 2002 and 2006, the survival rate 
for patients diagnosed at an early stage was 90%, 
while for those with advanced-stage disease, it was 
only 15%. Metastasis is the primary cause of increased 
mortality and morbidity in breast carcinoma. 
According to PERABOI 2020, breast cancer 
treatment modalities include surgery, chemotherapy, 
hormonal therapy, targeted therapy, immunotherapy, 
and supportive therapy.[2,3,4]  
 
Doxorubicin, a commonly used chemotherapeutic 
agent, significantly improves the prognosis and 
survival rate of breast cancer patients.[3-10] Despite 

its advantages, the risk of cardiotoxicity, particularly 
cardiomyopathy, increases with improved patient 
prognosis. Studies have even reported that as patients 
enter long-term survivorship (generally > 5 years post-
diagnosis), cardiovascular mortality rates can equal or 
even exceed those of their primary disease.[11-19] 
Consequently, the risk of doxorubicin-induced 
cardiomyopathy often limits treatment continuation. 
Doxorubicin administration triggers changes in 
cardiac muscle cell structure, leading to impaired 
cardiac function, cardiomyopathy, and heart 
failure.[20-28] Observed damage includes myofibril 
loss and cytoplasmic vacuolization, which can occur 
separately or concurrently after doxorubicin 
administration.[29] The level of doxorubicin toxicity 

is dose-dependent, generally increasing when the 
administered dose exceeds 400 mg/m² – 700 mg/m². 
Currently, the precise mechanism of doxorubicin-
induced cardiotoxicity (DIC) remains unclear. It is 
most likely caused by myocardial injury leading to left 
ventricular dysfunction.[20,30] 
 
In recent years, research has focused on preventing 
and managing drug-induced cardiotoxicity. Various 
approaches to reduce the risk of cardiac dysfunction 
have been explored, ranging from doxorubicin dose 
limitation to the use of cardioprotective agents. 
However, there is currently no universally agreed-
upon solution to prevent or treat doxorubicin-induced 
cardiotoxicity. On the other hand, natural plant-
derived compounds have recently gained popularity 

due to their perceived minimal side effects, non-
toxicity, affordability, and easy accessibility. 
Bromelain, for example, is a combination of several 
thiol endopeptidases derived from the fruit peel, stem, 
and/or roots of pineapple (Ananas comosus). 
Bromelain contains various compounds, including 
thiol endopeptidases, as well as protease inhibitors, 
glucosidase, cellulase, and escarase. Bromelain offers 
extensive beneficial properties, such as treating 
cardiovascular disorders, fibrinolytic, anti-edema, 

antithrombotic, and anti-inflammatory effects, 
making it useful for treating burns, blood clots, 
inflammation, enhancing antibiotic effectiveness, and 
even cancer.[31-35] Bromelain inhibits thrombus 
formation, reduces platelet aggregation and blood 
viscosity, lowers blood pressure, increases total 
antioxidant capacity (TAC) and oxygen utility 
capacity, prevents reduced flow in interstitial edema, 
enhances cardiac microcirculation, and maintains 
cardiac muscle tissue, all of which are beneficial for 
human cardiovascular health.[34,36-37] 

 

METHOD 

This study employed an experimental design with a 
posttest-only control group using in vivo Wistar rats 
(Rattus norvegicus) as experimental animals. The 
interventions administered were: (1) doxorubicin 
administration and (2) doxorubicin administration 
combined with bromelain, with observations 

conducted over a 14-day period. 
 
This study was conducted at the Faculty of Veterinary 
Medicine Laboratory, Universitas Airlangga, 
Surabaya, and further histopathological examinations 
were performed at the Department of Anatomy-
Histology, Faculty of Medicine, Universitas 
Airlangga. The research was scheduled for March 
2024. 
 
Doxorubicin HCl at a dose of 15 mg/kg body weight 
was administered intraperitoneally to each rat in the 
doxorubicin-receiving groups. The doxorubicin was 
given three times a week (every other day) for 14 
days.[35] Bromelain, at a volume of 6.2 mL/day, was 

administered once daily via oral gavage or pipette 30 
minutes prior to doxorubicin HCl administration.[38] 
 
Cardiac muscle cell samples from the rats were 
collected and then stained with hematoxylin and eosin 
(H&E). Stained sections were observed under a light 
microscope at 400x magnification at the Department 
of Anatomy-Histology, Faculty of Medicine, 
Universitas Airlangga. Diffuse vacuolization and 
flaccid cardiac muscle cell myofibril loss were 
recorded as percentages per field of view. 
Vacuolization observed with H&E staining included 
interstitial edema and intracellular swelling.[39] 
 
For statistical analysis, unpaired numerical 
comparative analysis between two groups was 

performed using an independent samples t-test. If the 
data distribution was not normal, the Mann-Whitney 
U test was used. 
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RESULTS AND DISCUSSION  
 
Vacuolization and myofibril loss in the study specimens were assessed using histopathological examination. After 
collection, specimens underwent histological preparation followed by Hematoxylin-Eosin (H&E) staining. Each 
specimen was then evaluated for its degree of vacuolization and myofibril loss. 
 
Analysis of the results indicated that the doxorubicin-treated group exhibited a higher degree of vacuolization and/or 
myofibril loss compared to the control group. In the group treated with doxorubicin and bromelain extract, an 

increase in vacuolization and/or myofibril loss was still observed when compared to the control group. However, 
this increase was less pronounced than in the doxorubicin-only group. 
 

 
Figure 1. Graphs of Mean Morphology Score for Each Group 

 
From the graph above, the doxorubicin group shows the highest mean morphological score of 1.66 (0.313), indicating 

greater damage to cardiomyocytes in this group compared to the others. 
 

 
Figure 2. Histopathological Image with Score of 0 (left) and score of 1 (right) 
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Figure 3. Histopathological Image with Score of 1.5 (left) and score of 2 (right) 

   

 
Figure 4. Histopathological Image with Score of 2.5 (left) and score of 3 (right) 

 

Table 1. Independent Samples T-Test 

Group Comparison n Mean (±SD) p-value 

P1 5 0,70 (0,308) 0,001 

P2 5 1,66 (0,313) 

P1 5 0,70 (0,308) 0,036 

P3 5 1,16 (0,270) 

P2 5 1,66 (0,313) 0,027 

P3 5 1,16 (0,270) 

In this study, independent samples t-tests were conducted to compare the mean morphological scores of 
cardiomyocyte damage across the different sample groups. These tests revealed significant differences in 
cardiomyocyte damage among the groups. 
 

 
Figure 5. Bar Chart of Vacuolization and Myofibrillar Loss in the Control Group 
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Figure 6. Bar Chart of Vacuolization and Myofibrillar Loss in the Doxorubicin Group 

 

According to figure 5 and 6, doxorubicin administration resulted in statistically significant cardiac damage when 
compared to the negative control group [Mean (SD) P1 vs P2: 0.70 (0.308) vs 1.66 (0.313), p-value = 0.001]. This 
indicates that doxorubicin significantly increased cardiomyocyte injury. 

 

 
Figure 7. Bar Chart of Vacuolization and Myofibrillar Loss in the Doxorubicin + Bromelain Group 

 
While bromelain administration did not completely 

prevent damage, it is presented in figure 7 that there 
was still a significant difference compared to the 
normal control group, although the extent of damage 
was less severe than in the doxorubicin-only group 
[Mean(SD) P1 vs P3: 0.70 (0.308) vs 1.16 (0.270), p-
value = 0.036]. 
Crucially, bromelain administration significantly 
reduced the damage score compared to doxorubicin 
alone [Mean(SD) P2 vs P3: 0.70 (0.308) vs 1.16 
(0.270), p-value = 0.027]. This finding suggests that 
bromelain provides a protective effect against 
doxorubicin-induced cardiomyocyte damage, even 
though it may not fully prevent all damage caused by 

doxorubicin administration. 

  
Analysis of vacuolization and myofibril loss across the 
groups revealed statistically significant differences 
among all three, despite variations in percentage 
values based on the field of view within the control 
group. These findings support the study's hypothesis: 
the doxorubicin and bromelain group exhibited 
cardioprotective effects regarding vacuolization and 
myofibril loss compared to the doxorubicin-only 
group. 
 
This study also found significant vacuolization and 
myofibril loss in myocardial tissue treated with 
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doxorubicin. This aligns with observed damage, 
leading to cardiomyopathy in patients receiving 
doxorubicin even for short periods, which, if 
continued, can result in severe cardiac muscle 
damage.[29] 
 
The cardiac muscle damage observed with 
doxorubicin use is a direct result of the drug's 
induction, causing extensive fibrosis and the presence 
of scattered cardiomyocytes with vacuolar 
degeneration. Cardiomyocytes containing vacuoles 
are typically found in fibrotic areas of the heart 
(known as "Adria cells"). Fibrosis is a predominant 

feature in cardiac tissue experiencing acute 
damage.[29] This is consistent with the findings in this 
study, where the doxorubicin-only group showed both 
vacuole formation and increased myofibril loss.[40] 
Our analysis of vacuolization and myofibril loss 
across the experimental groups showed statistically 
significant differences among all three. This was 
observed despite some variations in percentage values 
within the control group's fields of view. These 
findings strongly support our study's hypothesis: the 
group treated with doxorubicin and bromelain 
demonstrated cardioprotective effects against 
vacuolization and myofibril loss when compared to 
the group that received doxorubicin alone. 
 

Furthermore, we found significant vacuolization and 
myofibril loss in myocardial tissue exposed to 
doxorubicin. This aligns with previously observed 
damage, which can lead to cardiomyopathy in 
patients receiving doxorubicin, even for short 
durations. Prolonged exposure can result in severe 
and persistent damage to cardiac muscle.[29] 
 
The cardiac muscle damage seen with doxorubicin 
use is directly induced by the drug itself. This damage 
manifests as extensive fibrosis and the presence of 
scattered cardiomyocytes with vacuolar degeneration. 
These vacuolated cardiomyocytes, often referred to as 
"Adria cells," are typically found in fibrotic regions of 
the heart. Fibrosis is a predominant feature in cardiac 
tissue experiencing acute damage.[29] Our findings 

are consistent with this, as the doxorubicin-only group 
exhibited both noticeable vacuole formation and 
increased myofibril loss. 

 

 

CONCLUSION  
 
There was a statistically significant difference 
observed in the effect of bromelain on myofibril loss 
and vacuolization within the cardiac muscle tissue of 

Wistar rats administered doxorubicin 
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