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INTRODUCTION
Hemosiderosis, the accumulation of excessive iron 

within tissues without structural harm, primarily occurs in 
patients who undergo repeated red blood cell transfusions and 
is a cause of death in transfusion-dependent thalassemia (TDT) 
[1]. Thalassemia is a hereditary disorder caused by mutations 

and/or deletions that disrupt the synthesis of α/β globin chains, 
leading to globin chain impairment within hemoglobin’s 
structure [2,3]. As per the World Health Organization (WHO), 
this condition represents 5% of the global hereditary disease 
burden and is the most prevalent hereditary disorder in 
Indonesia [4,5]. The management of thalassemia is routine 
blood transfusions [6]. However, these transfusions induce 
iron overload (IO), as evidenced by elevated serum ferritin, 
transferrin, and evidence of excess iron in various tissues, 
including the heart [7,8]. Cardiac siderosis can instigate heart 
failure, a prominent cause of mortality in severe thalassemia 
cases [8,9]. 
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ABSTRACT
Hemosiderosis refers to the deposition of surplus iron in body tissues without evidence of structural damage. This 
condition predominantly afflicts patients with thalassemia who receive recurrent blood transfusions. Iron overload 
(IO) provokes the elevation of nontransferrin-bound iron (NTBI) and the generation of reactive oxygen species, 
ultimately culminating in cardiomyopathy. Deferiprone (DFP), a conventional iron-chelating agent, exhibits a range 
of side effects, including agranulocytosis. Phaleria macrocarpa, commonly known as Mahkota Dewa, contains 
mangiferin, a polyphenolic xanthone glucoside with iron-chelating properties. The combination of P. macrocarpa 
fruit extract and DFP is anticipated to reduce side effects and avert the onset of cardiomyopathy. This study 
employed 36 male Sprague Dawley rats subjected to both P. macrocarpa fruit extract and DFP, while simultaneously 
inducing IO during the course of treatment. The measured parameters encompassed cardiac iron levels, myocardial 
malondialdehyde (MDA) levels, plasma levels of brain natriuretic peptide (BNP), and the activation of senescence 
genes p21 and SUR2A. The combined administration of P. macrocarpa extract and a half-dose of deferiprone 
(DPM2) substantially lowered cardiac iron levels, myocardial MDA content, and plasma BNP levels. Notably, the 
expression of senescence genes p21 and SUR2A, regarded as pivotal indicators of cardiomyopathy, was universally 
suppressed across all treatment groups.
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was extracted by maceration using 70% ethanol, iron dextran 
solution (Sigma D8517), DFP 500 mg tab, BNP enzyme-linked 
immunosorbent assay (ELISA) kit (Elabscience), ketamine HCl 
injection (Bernofarm), xylazine HCl 200 mg/ml injection for 
veterinary use only (NexGen)

Study design
This research constitutes an in vivo experimental 

study with a parallel design involving male Sprague Dawley 
rats induced with IO.

Methods
Thirty-six male Sprague Dawley rats were randomly 

divided into six groups: normal control (C), IO, DFP 462.5 mg/
kg BW (D), P. macrocarpa fruit extract 100 mg/kg BW (PM), 
DFP 462.5 mg/kg BW + P. macrocarpa extract 100 mg/kg BW 
(DPM1), and DFP 231.25 mg/kg BW + P. macrocarpa extract 
100 mg/kg BW (DPM2). The DFP dose is 25 mg/kgBW given 
3 times a day, thus the total administration is 75 mg/kgBW [24]. 
The dose was converted into an animal dose based on the human 
equivalent dose formula and obtained a dose of 75 mg/kgBW in 
humans, equivalent to 462.5 mg/kgBW in Sprague Dawley rats. 
Based on previous research by Lindayana, 2022, it was found that 
administration of P. macrocarpa extract at a dose of 100 mg/kgBW 
was able to reduce iron levels in the heart organ significantly (p 
= 0.048) compared to controls [29]. Therefore, this study refers 
to this dose as the standard dose for using P. macrocarpa extract. 

The study protocol was approved by the Research Ethics 
Committee of Faculty of Medicine, University of Indonesia-
Cipto Mangunkusumo Hospital, Jakarta, Indonesia (Approval 
No: KET964/UN2.F1/ETIK/PPM.00.02/2022). Iron dextran 
was injected twice a week for 3 weeks and continued until week 
eight along with the specified treatments. Blood samples were 
collected from the retro-orbital sinus vein and placed in lithium 
heparin tubes. The heart samples of each rat were excised 
following decapitation and stored at −80°C.

Phaleria macrocarpa fruit ethanolic extraction
Dried P. macrocarpa fruit was obtained from PT. 

Flozindo Nature Anugrah which has been certified. A total of 
1,000 g of dried fruit was ground into powder and then soaked 
in 70% ethanol and 30% air. The mixture was left for 24 hours 
in a closed container and stirred every 8 hours. The macerate 
was taken after three filters, and then thickened until a yield was 
obtained. The liquid extract was dried using a rotary evaporator 
until a thick extract was formed. 

Heart organ sampling
The hearts were collected immediately after the rat 

necropsy and weighed using a digital scale. The right ventricle 
was separated from the left ventricle wall. The left ventricle was 
then divided into several parts: the distal (apex of the heart) was 
used to measure cardiac MDA concentration and the upper 1/3 
was used to measure heart iron concentration.

Measurement of cardiac iron concentration
Heart tissue weighing 250 mg was destructed using 

2 ml of HNO3 and 1–2 drops of perchloric acid to expedite 

The elevated ferrous iron (Fe2+) levels lead to the 
formation of nontransferrin-bound iron (NTBI), triggering the 
generation of rseactive oxygen species (ROS) through Fenton 
and Haber-Weiss reactions. ROS subsequently forms hydroxyl 
radicals (OH•) capable of damaging lipid membranes, proteins, 
DNA, and causing tissue injury [10,11]. Lipid peroxidation of 
the cell membrane results in the production of malondialdehyde 
(MDA), known for its toxic and mutagenic attributes stands as the 
primary pathogenesis of heart diseases arising from IO [11,12]. 
NTBI infiltrates cardiomyocytes through L-type Ca2+ channels 
and divalent metal transporter 1, leading to cardiomyopathy. 
The sensitivity of cardiac excitation to cellular redox alterations 
prompts diastolic (relaxation) dysfunction, a distinctive feature 
of IO-induced cardiomyopathy [13]. Elevated oxidative stress 
additionally induces aging due to structural macromolecular 
damage. ROS-driven cellular senescence is regulated through 
pathways like p16INK4a/pRB and p53/p21, culminating in the 
cessation of the cell cycle during early-stage human fibroblast 
cell culture aging [14,15]. Cardiomyocyte senescence results in 
diminished heart function, resulting in the upsurge of SUR2A, a 
regulator of the K-ATP channel subunit [16,17]. Moreover, the 
plasma concentration of brain natriuretic peptide (BNP) escalates 
due to cardiac aging and conditions such as atrial enlargement, 
heightened afterload, and diastolic dysfunction [18]. 

 Thalassemia patients with IO requires iron chelation 
therapy, one of which is deferiprone (DFP), which has 
lipophilicity that allows it to permeate myocytes and bind 
with iron molecules in a 1:3 iron-chelator complex [19–22]. 
Nevertheless, DFP administration frequently precipitates severe 
side effects, with agranulocytosis manifesting in approximately 
63% of cases within the initial 6 months of treatment. The 
regular administration of DFP carries a considerable financial 
burden [23–25]. Phaleria macrocarpa is a renowned medicinal 
plant enriched with compounds, including saponins, alkaloids, 
polyphenols, phenols, flavonoids, lignans, and tannins. The 
fruit of P. macrocarpa has been found to contain icariside C3, 
mangiferin, and gallic acid [26,27]. Mangiferin in P. macrocarpa 
extract showcases robust antioxidant attributes through iron 
complexation and free radical activity, mitigating iron levels in 
the heart and liver, thereby averting heart failure stemming from 
IO [28]. Administering P. macrocarpa extract at a dose of 100 
mg/kgBW can increase mangiferin levels in the heart organ, 
which is equivalent to administering the mangiferin compound 
at a dose of 50 mg/kgBW [29]. The administration of 50 mg/
kgBW of mangiferin to rats subjected to IO for a 4-week period 
decreased iron levels in the liver and heart [30]. This research 
aims to assess the efficacy of the combination of ethanol extract 
from Phaleria macrocarpa and DFP in diminishing excessive 
iron levels while minimizing adverse effects and substantiating 
cardiac damage through cardiac biomarker parameters and 
antioxidant activities in rats subjected to IO.

MATERIALS AND METHODS

Materials
Thirty-six male Sprague Dawley rats (obtained from 

Indonesia National Agency of Drug and Food Control) 8 weeks 
old, P. macrocarpa fruits simplisia (PT Flozindo Purwokerto) 



166 Gunawan et al. / Journal of Applied Pharmaceutical Science 15 (02); 2025: 164-171

the breakdown of solid tissue. The added acids also reacted 
with tissue iron. The mixture was left to stand overnight, then 
heated until it emitted brown-colored vapors, after which 10 
ml of distilled water was added. The solution was filtered and 
more distilled water was added to reach a total volume of 50 
ml. The measurement of iron was conducted using atomic 
absorbance spectrophotometry with a hollow cathode lamp in 
deuterium background correction mode, at a wavelength of 
248.3 nm [28].

Measurement of cardiac MDA concentration
MDA concentration was measured in cardiac tissue 

to assess oxidative stress in the heart. The heart ventricles 
were weighed and immersed in PBS (phosphate buffer 
saline) at a concentration of 0.1g/ml at pH of 7.2. They were 
rinsed to remove any blood, then homogenized for 3 minutes 
at a temperature of 0°C–4°C using an ULTRA-TURRAX 
homogenizer. Subsequently, the homogenate was centrifuged 

for 5 minutes at 10,000 g, and the supernatant was collected for 
MDA analysis [31]. 

Measurement of BNP levels in plasma
Two milliliters of venous blood were collected and 

centrifuged for 10 minutes at 4,500 rpm, and the plasma was 
separated and stored at −20°C. BNP levels were measured 
using the enzyme-linked immunosorbent assay ELISA 
method [32].

Measurement of p21 and SUR2A genes  
expression by PCR

Senescence genes p21 and SUR2A were detected 
using the RT-qPCR method with three stages: homogenate 
preparation, RNA and cDNA isolation, and cDNA optimization. 
Homogenate was prepared from rat heart samples by 
macerating them with a micropestle. RNA and cDNA isolation 
was performed following the respective kit procedures: Zymo 
Research Quick RNA Miniprep Plus and Toyobo Revertra 
Ace qPCR RT Master Mix with gDNA Remover. cDNA 
optimization was carried out using an RT-PCR device with 
BioRad CFX Manager software. The expression results of 
the p21 gene and SUR2A gene (CT value) were normalized 
based on the housekeeping gene (β-actin) and quantitative 
calculations were carried out using the formula of the 2-ΔΔCT 
method. Then, the relative fold change of the transcription 
value of each gene was calculated [33]. The primer design 

Table 1. Senescence Genes p21 and SUR2A Primer Design. 

Gene Primer Sequens

P21 Forward GTGGACAGTGAGCAGTTGAG

Reverse GTCTCAGTGGCGAAGTCAAA

SUR2A Forward CTGCTCTTCCTCATGATCTTCTC

Reverse GCTTTCCCTGGGTCGTTTAT

Figure 1. Cardiac iron concentration difference on week VIII (µg/g). 
Note: C = control; IO = iron overload; D = deferiprone 462,5mg/kgBW; PM = 
Phaleria macrocarpa 100mg/kgBW; DPM1 = deferiprone 462,5mg/kgBW + 
Phaleria macrocarpa 100 mg/kgBW. DPM2 = deferiprone 231,25mg/kgBW + 
Phaleria macrocarpa 100 mg/kgBW. 
*: significant difference towards iron overload group (IO) as a negative control, 
p < 0,05. 

Table 2. Cardiac iron concentration difference (µg/g). 

C IO D PM DPM1 DPM2

13.674 17.422 14.112 14.338 15.246 11.522

Concentration difference of sample versus NC

3.748 0 3.31 3.084 2.176 5.9*

21.51% 0% 18.99% 17.70% 12.49% 33.86%

*: significant difference concentration towards iron overload group (IO) as a 
negative control, p < 0.05.

Table 3. Cardiac MDA concentration difference (nmol/g prot). 

C IO D PM DPM1 DPM2

9.47 21.95 16.24 24.54 16.87 6.99

Concentration difference of sample veusus IO

12.47 0 5.71 2.59 5.07 14.96*

56.83% 0% 26.03% 11.82% 23.12% 68.14%

*: significant difference concentration towards iron overload group (IO) as a 
negative control, p < 0.05.

Figure 2. Cardiac MDA concentration difference (nmol/g prot). 
Note: C = control; IO = iron overload; D = deferiprone 462,5 mg/kgBW; PM = 
Phaleria macrocarpa 100 mg/kgBW; DPM1 = deferiprone 462,5 mg/kgBW + 
Phaleria macrocarpa 100 mg/kgBW. DPM2 = deferiprone 231,25 mg/kgBW + 
Phaleria macrocarpa 100 mg/kgBW. 
*: significant difference towards iron overload group (IO) as a negative control, 
p < 0.05. 
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was developed within the research facility at the Integrated 
Laboratory of the Medical Faculty of the University of 
Indonesia and is provided in Table 1.

Statistical analysis
Value expresses the means of each sample. Data 

analysis used SPSS Statistic 22 software. Statistical analysis 
used One Way Anova for normal distribution data and paired 
data used the Paired T-Test analysis.

RESULTS

Cardiac iron concentrations
The cardiac iron concentrations in week VIII were 

lower in all treatment groups than in the IO group but not 
significantly different, except for group DMP2 versusgroup 
IO (p = 0.022, Fig. 1), equivalent to a difference of 33.86% 
(Table 2).

Cardiac MDA concentration
Cardiac MDA concentration on week VIII showed a 

nearly twofold difference between the normal group (C) and the 
IO. Iron induction resulted in an increase in MDA concentration 
due to the production of ROS which is consistent with iron 
overload. All treated groups experienced a decrease in MDA 
levels. The highest decrease in MDA concentration in sequence 
is as follows: DPM2, DFP, and DPM1. The analysis results 
indicate a significant difference between the iron-overloaded 

group (IO) and DPM2 (p = 0.014) while the other groups did not 
show significant differences (p > 0.05, Fig. 2). The difference 
in MDA concentration in the DPM2 group was 68,14% lower 
than IO group (Table 3). 

Plasma BNP concentration
The plasma BNP concentration measured in weeks 

III and VIII showed a decrease in all groups. The reduction in 
plasma BNP concentration was greater and significant in all 

Table 4. Plasma BNP concentration difference (pg/ml). 

Group C IO D PM DPM1 DPM2

Week III 2522.03 3354.31 3758.91 5239.73 4431.03 4861.95

Week VIII 2144.82 2811.98 2091.53 2609.39 2715.43 2725.32

Concentration difference of week III versus week VIII

Concentration difference 377.21 542.33 1667.38 2630.34 1715.60 2136.64

% difference 14.96% 16.17% 44.36% 50.20% 38.72% 43.95%

Figure 4. The difference in SUR2A gene expression on week VIII. 
Note: C = control; IO = iron overload; D = deferiprone 462,5 mg/kgBW; PM = 
Phaleria macrocarpa 100 mg/kgBW; DPM1 = deferiprone 462,5 mg/kgBW + 
Phaleria macrocarpa 100 mg/kgBW. DPM2 = deferiprone 231,25 mg/kgBW + 
Phaleria macrocarpa 100 mg/kgBW. 
*: significant difference towards iron overload group (IO) as a negative control, 
p < 0.05. 

Figure 5. The difference in p21 gene expression on week VIII. 

Note: C = control; IO = iron overload; D = deferiprone 462.5 mg/kgBW; PM = 
Phaleria macrocarpa 100 mg/kgBW; DPM1 = deferiprone 462.5 mg/kgBW + 
Phaleria macrocarpa 100 mg/kgBW. DPM2 = deferiprone 231.25 mg/kgBW + 
Phaleria macrocarpa 100 mg/kgBW. 

Figure 3. Week III and week VIII cardiac BNP concentration difference. 
Note: C = control; IO = iron overload; D = deferiprone 462.5 mg/kgBW; PM = 
Phaleria macrocarpa 100 mg/kgBW; DPM1 = deferiprone 462,5 mg/kgBW + 
Phaleria macrocarpa 100 mg/kgBW. DPM2 = deferiprone 231.25 mg/kgBW + 
Phaleria macrocarpa 100 mg/kgBW. 
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treatment groups (p < 0.05) than in groups C and IO (Fig. 3). 
The difference in concentration is provided in Table 4.

Effects of DFP and PM extract combination towards  
SUR2A gene

The SUR2A gene expression in all treatment groups 
showed a notable reduction, demonstrating a significant 
difference when compared to IO (p = 0.045). The administration 
of DFP (D) and the combination of DFP and PM extract (DPM1 
and DPM2) showed significant differences compared to the IO 
with respective p-values of 0.04, 0.032, and 0.028 (Fig. 4).

Effects of DFP and PM extract combination towards p21 gene
The p21 gene expression exhibited a decreasing trend 

in all treatment groups, but the observed differences were not 
statistically significant (p = 0.162, Fig. 5). 

DISCUSSION
The iron-chelating effects of P. macrocarpa fruit extract 

have been previously demonstrated, showing a reduction in 
iron levels in the hearts of rat models with hemosiderosis, using 
doses of 100 mg and 200 mg [29]. This research aimed whether 
DFP (full or half dose) in combination with P. macrocarpa fruit 
extract could reduce the Fe accumulation in hemosiderosis 
rat model hearts. Furthermore, the administration of DFP in 
combination with P. macrocarpa fruit extract could reduce, and 
it is hoped that the side effects of DFP, e.g. agranulocytosis, 
will be reduced. The hemosiderosis model utilized male white 
rats (Rattus norvegicus strain Sprague-Dawley) that were 
intraperitoneally administered iron dextran. The method for 
creating hemosiderosis experimental animal models is based on 
research Papanastasiou et al. [34] dan Estuningtyas et al. [30]. 
Previous studies involved the administration of iron sucrose 
over 3 weeks, with intervals of 2–3 times per week, resulting in 
hemosiderosis with a sixfold increase in liver iron compared to 
the control group [30]. 

The treatment for 5 weeks reduced heart iron 
concentration in all treatment groups compared to the IO group. 
The most significant reduction in heart iron (p < 0.05) was 
observed in the DPM2 group, which received a combination 
of half-dose DFP and P. macrocarpa extract at 100 mg/kgBW. 
Based on phytochemical screening, the ethanol extract of 
P. macrocarpa fruit contains naringerin 4,7 dimethyl ether 
compounds, which enhance mangiferin uptake into cells by 
reducing P-glycoprotein (Pgp) transporter expression [29,35]. 
Mangiferin itself has limited gastro-intestinal uptake and 
thus low bioavailability, the administration of mangiferin-
phospholipid complexes results in higher permeability 
compared to pure mangiferin [35]. The primary pathogenesis of 
iron overload cardiomyopathy (IOC) occurs when NTBI enters 
cardiomyocytes through circulation and is catalyzed by Fenton 
reactions, producing hydroxyl ions that form ROS, disrupting 
membrane structure, causing cell damage and necrosis, and 
resulting in myocardial dysfunction [36]. Preventing iron 
accumulation in the heart is crucial for iron chelation therapy 
because heart iron deposits have a long half-life, around 19 
months or more in humans [37]. DPM2 therapy reduced heart 
iron levels by 33.86% compared to the IO group, while DFP 

only reduced heart iron levels by 18.99% compared to IO. 
Research by Wongjaikam et al. [38] proved that a combination 
of DFP and N-acetylcysteine (NAC) as an antioxidant was more 
effective than monotherapy for cardioprotection, by reducing 
heart iron deposits and improving mitochondrial function 
in iron-overloaded rats. Therefore, the combination of half-
dose DFP and P. macrocarpa extract is considered a potential 
alternative therapy to reduce the side effects of DFP.

Increased labile iron in cells reacting with superoxide 
ions (O2-) and hydrogen peroxide (OH-) through Fenton and 
Haber-Weiss reactions produces toxic hydroxyl radicals, leading 
to cardiomyopathy. This results in the excessive production of 
ROS, causing lipid peroxidation of plasma membranes and the 
formation of toxic aldehydes, particularly MDA [39]. 

 The administration of iron injections for 8 weeks 
showed a nearly twofold difference in MDA levels between the 
normal and iron-overloaded groups. This aligns with a meta-
analysis by Basu et al. [40], indicating that MDA significantly 
increased in both TDT and NTDT (nontransfusion-dependent 
thalassemia), making it a reliable marker for IO and a 
prognostic biomarker. In another study, Djumhana et al. [11] 
found no significant difference in MDA levels before and after 
transfusions. Although blood transfusions increased iron levels 
in thalassemia patients, there was no increase in median MDA 
values following transfusion [11]. The results of this study 
indicate that the treatments in the D and DPM1 groups reduced 
heart MDA levels but not significantly. However, the DPM2 
group significantly reduced heart MDA levels (p < 0.05). This 
result is consistent with the study by Wongjaikam et al. [38] 
stating that the combination of DFP and NAC could reduce 
MDA concentrations to normal or the same as the MDA 
concentrations in the control group. Permatasari et al. [41] 
demonstrated a strong correlation between ferritin and MDA 
concentrations (r = 0.786), where ferritin is widely used as an 
iron marker in the absence of inflammation [42]. The reduction 
in MDA concentration is influenced by the phenolic compounds 
in the ethanol extract of P. macrocarpa fruit, which is a potent 
antioxidant component, with antioxidant activity results of 
86.85% in the 2,2-diphenyl-1-picrylhydrazyl (DPPH) test 
and 7.47% in the ferric reducing antioxidant power (FRAP) 
test [43]. Zou et al. [44] demonstrated that DFP at doses of 
50 mg/kg/day and 100 mg/kg/day could significantly reduce 
MDA concentrations (p < 0.05) in rats induced with diabetic 
cardiomyopathy compared to the control group. Therefore, the 
combination of DFP and PM can support each other in reducing 
MDA concentrations as an indicator of ROS.

IOC is characterized by diastolic dysfunction. This 
leads to the release of BNP and amino terminal BNP (NT-
ProBNP) after cardiac stress and volume overload [45]. The 
results of this study show that all treatment groups exhibited 
a decrease in plasma BNP levels over 5 weeks. The most 
significant decrease in plasma BNP levels was observed in the 
PM group (51.23%), followed by the DPM2 group (45.60%), 
the DFP group (44.36%), and the DPM1 group (40.89%). The 
combination of half-dose DFP and PM (DPM2) exceeded the 
effectiveness of single-dose DFP in reducing plasma BNP 
levels. Studies have confirmed that NT-proBNP has a positive 
correlation with ferritin and IO. Therefore, this biomarker 
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can be used to detect the early stage of heart failure when 
echocardiography and MRI facilities are not available [46,47]. 
In this study, this correlation is evident through the ability of 
DPM2 to significantly reduce heart iron levels and plasma BNP 
levels.

In cases of iron overload, the L-type channels mediate 
an increase in ferrous iron uptake, leading to excessive ROS 
production, which triggers excitation-contraction uncoupling and 
disturbances in both systolic and diastolic functions, hallmarking 
cardiomyopathy [48]. Accumulation of ROS in cardiomyocytes 
induces DNA damage by telomere shortening, resulting in 
cellular senescence [16]. This study reveals an upregulation of 
the p21 gene expression in the control group (IO), signifying 
DNA damage due to excessive iron induction. Conversely, 
the D and DFP-PM groups (DPM1 and DPM2) experience 
significant downregulation of p21 gene expression compared 
to the control group. This implies that the administration of 
DFP or the combination of DFP and PM can suppress DNA 
damage by preventing ROS accumulation, which is supported 
by the downward trend in MDA levels. In a study by Chen et 
al. [49],  exposure to ultraviolet B (UVB), which induces DNA 
damage, led to increased apoptosis, decreased proliferation, and a 
significant increase in G2 cell cycle arrest. Another study utilizing 
Basella alba, known for its antioxidant properties, demonstrated 
the ability to halt the G0/G1 cell cycle by inhibiting pRb and D1 
and increasing p21 expression [50]. 

The expression of the SUR2A gene exhibits a similar 
trend to that of the p21 gene. The IO group shows a significant 
increase compared to the normal control group (C), while the 
expression in all treatment groups decreases compared to the IO 
group, although not significantly. Cardiac aging is characterized 
by reduced physical endurance, associated with a decline in 
cardiac function and adaptive capacity. Cardiac aging is linked 
to a decrease in the number of ATP-sensitive K(+) channels in the 
sarcolemma. The quantity of these channels is influenced by the 
expression of SUR2A, a subunit regulating K(ATP) channels 
[51]. This suggests that the combination of DFP and PM has 
the capability to prevent cardiomyopathy associated with aging 
through p21 and SUR2A gene expression.

CONCLUSION
Administration of DFP and Phaleria macocarpa fruit 

extract combination in hemosiderosis rat model reduced cardiac 
iron, MDA, and BNP levels. The combination of DFP with 
Phaleria macocarpa fruit extract could reduce the senescence 
gens p21 and SUR2A expression, furthermore could prevent the 
occurrence of IOC.
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