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ABSTRACT 
 

Introduction. Hypoxia, a state of inadequate oxygen supply in tissues, can induce the generation 
of reactive oxygen species (ROS), leading to oxidative stress and damage to biomolecules such as 
proteins. This damage can be quantified by measuring protein carbonyl levels. Penta Herbs Forte 
(PHF), a polyherbal formulation composed of Andrographis paniculata, Blumea balsamifera, 
Phyllanthus urinaria, Zingiber officinale, and Curcuma xanthorrhiza, is rich in bioactive 
compounds with known antioxidant properties. This study aimed to evaluate the antioxidant 
activity of PHF extract and its effects on cardiac protein carbonyl levels in hypoxia-induced rats. 
Methods. This experimental study included 32 male Sprague-Dawley rats, divided into eight 
groups: control and treatment groups under normoxia, 1-day hypoxia, 7-day hypoxia, and 14-day 
hypoxia, either with or without PHF extract administration. Antioxidant capacity was determined 
using the ABTS and DPPH assays, and cardiac protein carbonyl levels were measured using a 
spectrophotometer. Results. PHF extract showed an antioxidant activity yielding LC50 values of 
22.135 μg/mL (ABTS) and 105.04 μg/mL (DPPH), indicating strong antioxidant potential. PHF-
treated groups exhibited lower cardiac protein carbonyl levels than their respective controls 
across all hypoxic durations. Conclusion. Administration of PHF extract reduced cardiac protein 
carbonyl levels via its antioxidant activity, suggesting its potential as an exogenous antioxidant 
source to protect against hypoxia-induced oxidative damage.  

1. Introduction 
Hypoxia is a condition where oxygen supply to 

cells or tissues is insufficient, which can disrupt the 
body's metabolism. Hypoxia can trigger an increase in 
Reactive Oxygen Species (ROS), causing oxidative 
stress.1 This occurs when the balance between ROS 
and cellular antioxidants is disrupted, resulting in an 
increase in oxidation potential that threatens the 
stability of cellular structures.2–5 Increased oxidative 
stress can have negative consequences for biological 
systems, including molecular damage to components 
such as nucleic acids, lipids, and proteins, which can 
lead to cell death (apoptosis or necrosis) and have a 
detrimental impact on health. Oxidative stress is 
associated with more than 100 diseases, including 
cardiovascular disease, cancer, hypertension, 
diabetes, neurodegenerative diseases, aging, and 
other diseases.6 

The effect of hypoxia on the heart organ causes 
several changes within the organ, for example, 
alterations in gene expression patterns that depend 
on oxygen availability, which HIF-1α regulates 
through gene transcription. Another change is the 

occurrence of energy metabolism disorders to 
maintain heart function and viability. In addition, it 
also causes various disorders in the structure and 
function of the heart muscle, such as ventricular 
dysfunction and muscle hypertrophy, which are the 
result of cardiac compensation in dealing with 
hypoxic conditions.7  

Previous research has demonstrated the role of 
antioxidants derived from natural ingredients in 
mitigating health issues associated with oxidative 
stress. Antioxidants are beneficial for health because 
they help prevent the aging process and the 
development of degenerative diseases.8 Antioxidants 
have a role in protecting the heart muscle, as well as 
improving cardiovascular structure and function, 
including hypertrophy, inflammation, and fibrosis. 
Antioxidants can prevent atherosclerosis by lowering 
total cholesterol, triglycerides, and insulin levels.9 
This mechanism occurs through enzymatic and non-
enzymatic pathways to overcome the harmful effects 
of ROS, such as the work of the enzymes superoxide 
dismutase (SOD), catalase (CAT), ascorbate 
peroxidase (APX), monodehydroascorbate reductase 
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(MDHAR), dehydroascorbate reductase (DHAR), 
glutathione reductase (GR), glutathione S-transferase 
(GST), glutathione peroxidase (GPX) and peroxidase 
(POX), as well as non-enzymatic compounds such as 
ascorbate (AsA), glutathione (GSH), protein 
carbonyls, carotenoids, and tocopherols.10  

Indonesia, with its tropical forests and abundant 
biodiversity, is a significant source of medicinal 
plants. Several plants have been proven to be 
potential sources of antioxidants. It is known that 
plants such as sambiloto, temulawak, ginger, 
meniran, and sembung have been used traditionally 
as medicines for various diseases. Sambiloto 
(Andrographis paniculata) has been used to treat 
liver disease, heart disease, snake bites, leprosy, 
jaundice, and bronchitis, as well as to treat worms.11–

13  
Research by Dev et al. shows that sambiloto 

contains flavonoids, which are compounds often 
associated with antioxidant activity.14 Kusumawati 
and Yogeswara's research shows that sembung 
(Blumea balsamifera) has high levels of phenolics, 
tannins, and oxidant capacity.15 Liu and Li's research 
shows that meniran (Phyllanthus urinaria) has a 
strong ability to fight free radicals, 2,2-diphenyl-1-
picrylhydrazyl (DPPH), 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS), has 
good reducing power, and has a total antioxidant 
capacity.16 Mustafa and Chin's research shows that 
ginger (Zingiber officinale) has high flavonoid 
content, Ferric Reducing Ability of Plasma (FRAP), 
ABTS, and high antioxidant activity.17 Rosidi et al 
reported that temulawak (Curcuma xanthorrhiza) 
has a high antioxidant content.18  

Extensive research has established the 
antioxidant effects of single-herbal extracts under 
oxidative stress conditions. However, evidence 
regarding the biological impact of polyherbal 
formulations, particularly across distinct temporal 
phases of hypoxia, is still limited. To bridge this gap, 
our study explicitly underscores the novelty of 
examining polyherbal approaches, revealing that 
such combinations confer greater protective benefits 
than individual extracts.  

Based on previous studies, this research 
investigates the antioxidant effects of Penta Herbs 
Forte (PHF), a polyherbal extract composed of five 
medicinal plants—Andrographis paniculata, Blumea 
balsamifera, Phyllanthus urinaria, Zingiber officinale, 
and Curcuma xanthorrhiza. This study aims to 
evaluate the antioxidant capacity of PHF and to 
determine whether its protective effects against 
protein oxidation are time-dependent across acute 
and sub-chronic hypoxia models. In addition, it 
investigates potential non-linear oxidative responses, 
particularly the absence of significant effects at 
intermediate hypoxia durations, which may indicate 
endogenous antioxidant adaptation. This research 
examines the antioxidant effects of PHF in a 
hypoxia-induced rat model and evaluates its impact 

on cardiac protein carbonyl levels. 
2. Methods 

This study employed an in vitro and in vivo 
experimental design. In vitro analyses included the 
antioxidant capacity assays using the ABTS (2,2’-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)), 
and DPPH (2,2-diphenyl-1-picrylhydrazyl) methods. 
In vivo experiments were conducted in male Sprague-
Dawley rats to assess the effect of Penta Herbs Forte 
(PHF) extract on cardiac protein carbonyl levels 
under hypoxic conditions. 

A total of 32 male Sprague-Dawley rats (10–12 
weeks old, 200–250 g) were randomly divided into 
eight groups (n = 4 each). The estimated sample size 
in this study was calculated using Federer’s formula.  

PHF-treated and untreated groups, each exposed 
to normoxia, 1-day, 7-day, and 14-day hypoxia. The 
study was conducted from December 2024 to April 
2025 at the Biochemistry and Molecular Biology 
Laboratory, Faculty of Medicine, Universitas 
Tarumanagara. 

The PHF extract consisted of five medicinal plants: 
Andrographis paniculata, Blumea balsamifera, 
Phyllanthus urinaria, Zingiber officinale, and 
Curcuma xanthorrhiza. Each plant was cleaned, 
chopped, air-dried at room temperature, and ground 
into fine powder (simplicia). About 75 grams of each 
powder were macerated in ethanol for 24 hours, 
stirred twice daily, then filtered and evaporated using 
a rotary evaporator to obtain a thick paste. Each 
extract (0.2 g) was combined, mixed with a drop of 
Tween-80, vortexed, and diluted with 10 mL of 
distilled water to prepare the PHF solution. PHF 
extract was administered orally at a dose of 100 
mg/kg body weight per day, adjusted to a final 
volume of 2 mL/day for 14 days. 

Hypoxia was induced using a sealed chamber filled 
with 10% oxygen and 90% nitrogen. After treatment, 
blood and cardiac tissue samples were collected for 
analysis. Tissues were homogenized in phosphate-
buffered saline and centrifuged to obtain 
supernatants. Protein carbonyl levels were measured 
using the Solarbio Protein Carbonyl Assay Kit with 
spectrophotometry at 370 nm. 

 Antioxidant activities were evaluated via 
standard ABTS and DPPH assays. All experimental 
protocols involving animals were reviewed and 
approved by the Ethics Committee of the Faculty of 
Medicine, Universitas Trisakti, Jakarta, Indonesia 
(Ethical Clearance No. 003/KER/FK/09/2024). 

Statistical tests in this study were performed using 
GraphPad Prism 6.05. The analyzed variables were 
statistically significant if P < 0.05. The obtained data 
were averaged and then displayed in tables and 
graphs. The Mann–Whitney test and linear regression 
were used to compare data from the control and 
treatment groups. The Pearson test was used to 
compare the two variables. 
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3. Results 
3.1. Antioxidant Activity Test of PHF Extract Using 

the ABTS (2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid)) Method 

Wavelength and Absorbance of the ABTS Test 
The control absorbance at the optimal wavelength 

of 520 nm was 0.411, which was used as a blank for 
the PHF extract test. 
ABTS Test of Reference Solution (Trolox) 

Trolox solutions were prepared using absorbance 
concentrations of 5, 10, 15, 20, and 25 μg/mL, which 
were then read using a spectrophotometer. A 
standard Trolox curve was constructed showing the 
absorbance and percentage inhibition values with a 
linear equation of Y = 1.542x + 29.54 and R2 = 0.9987 
(Figure 1). The LC50 value was 13.266 μg/mL (Table 
1). 
ABTS Test of PHF Extract 

The absorbance value of PHF extract with 
concentrations of 10, 15, 20, 25, 30 μg/mL was then 
read using a spectrophotometer, and a linear 
equation of Y = 3.294x – 22.92 and R2 = 0.9826 was 

obtained (Figure 2). The LC50 value was 22.135 
μg/mL. (Table 2). 

3.2. Antioxidant activity test of PHF extract using the 
DPPH (2,2-diphenyl-1-picrylhydrazyl) method 

DPPH test of reference solution (Trolox) 
Trolox solutions were prepared using absorbance 

concentrations of 10, 20, 30, 40, and 50 μg/mL, which 
were then read using a spectrophotometer. A 
standard Trolox curve was constructed, showing the 
absorbance and percentage inhibition values with a 
linear equation of Y = 1.317x + 21.87 and R2 = 0.9976 
(Figure 3). The LC50 value was 21.353 μg/mL (Table 
3). 
DPPH Test of PHF Extract 

The absorbance values of PHF extracts at 
concentrations of 30, 60, 90, 120, and 150 μg/mL 
were then read using a spectrophotometer, yielding a 
linear equation of Y = 0.5377x – 6.478 and R2 = 0.9825 
(Figure 4). The LC50 value was 80.940 μg/mL (Table 
4). 

 

 
Figure 1. Trolox ABTS standard comparative test result curve 

Table 1. ABTS Trolox standard comparison  
Concentration (𝛍𝛍g/mL) Inhibition Percentage (%) LC50 (𝛍𝛍g/mL) 

5 
10 
15 
20 
25 

37.546 
44.689 
52.198 
60.989 
67.949 

13.266 

 
Figure 2. ABTS test result of the PHF extract 

 



117  

Table 2. ABTS test results of the PHF extract 
Concentration (𝛍𝛍g/mL) Inhibition Percentage (%) LC50 (𝛍𝛍g/mL) 

10 
15 
20 
25 
30 

11.922 
25.791 
42.822 
54.258 
80.049 

22.135 

LC50 Value (µg/mL) >200 = Very weak ; 151-200 = Weak ; 101-150 = Moderate ; 50-100 = Strong ; <50 = Very strong 22 

 
Figure 3. Trolox DPPH standard comparative test result curve 

Table 3. Trolox DPPH comparison standards 
Concentration (𝛍𝛍g/mL) Inhibition Percentage (%) LC50 (𝛍𝛍g/mL) 

10 
20 
30 
40 
50 

36.087 
47.609 
60.652 
73.696 
88.913 

21.353 

 
Figure 4. DPPH test result of the PHF extract 

Table 4. DPPH test results of PHF extract 
Concentration (𝛍𝛍g/mL) Inhibition Percentage (%) LC50 (𝛍𝛍g/mL) 

30 
60 
90 

120 
150 

9.565 
24.348 
46.522 
53.478 
75.652 

105.04 

LC50 Value (µg/mL) >200 = Very weak ; 151-200 = Weak ; 101-150 = Moderate ; 50-100 = Strong ; <50 = Very strong 22 

 
3.3. Animal Testing 

Control Cardiac Carbonyl Protein Levels 
The Y-axis shows the carbonyl protein levels 

(μmol/gram tissue), and the X-axis shows the hypoxia 

treatment groups (Table 5) (Figure 5). Increasing the 
duration of hypoxia treatment increases carbonyl 
protein levels in the hearts of control animals. 
Comparisons between the normoxia treatment group 
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and the 1- and 7-day hypoxia treatment groups, and 
between the hypoxia treatment groups, showed no 
significant difference. There was a significant 
difference between the normoxia and 14-day hypoxia 
treatment groups (p = 0.0329). This is due to the 
adjusted p-value (p = <0.05). 
Test Cardiac Carbonyl Protein Levels 

Figure 6 shows a graph of protein carbonyl levels 
in the test group. The Y-axis shows the value of 
protein carbonyl levels (μmol/gram tissue), and the 
X-axis shows the hypoxia treatment group. Increasing 
the duration of hypoxia treatment increases protein 
carbonyl levels in the test group’s heart (Table 6). The 
results show a significant difference between the 
normoxia and 14-day hypoxia groups (p = 0.0028). 

Meanwhile, the cardiac protein carbonyl levels 
between the normoxia group and the 1- and 7-day 
hypoxia treatment groups were not significantly 
different, and the same was true between the hypoxia 
treatment groups. 
Comparison of Cardiac Carbonyl Protein Levels In 
Control and Test Groups 

Figure 7 shows that the administration of PHF 
extract significantly reduced carbonylated protein 
levels in the normoxia test group (p = 0.0435), the 1-
day hypoxia (p = 0.0181), and the 14-day hypoxia (p 
= 0.0181), compared to the control group. Meanwhile, 
the 7-day hypoxia treatment group did not show a 
significant difference in carbonyl protein levels. 

Table 5. Cardiac carbonyl protein levels of rats not given PHF extract 
Hypoxia Treatment Carbonyl Protein Level (𝛍𝛍mol/gram tissue) 

Normoxia 
1 Day of Hypoxia 

7 Days of Hypoxia 
14 Days of Hypoxia 

0.0475 
0.068125 
0.07375 
0.09625 

 
Fig. 5. Cardiac carbonyl protein level in the control group.* All values are presented as the mean ± SD; n = 4; *p < 0.05 vs 
normoxia; ns = not significant; Statistical analysis was performed using one-way ANOVA followed by multiple comparisons 

Table 6. Carbonyl protein levels in the hearts of rats given PHF extract 
Hypoxia Treatment Carbonyl Protein Level (𝛍𝛍mol/gram tissue) 

Normoxia 
1 Day of Hypoxia 

7 Days of Hypoxia 
14 Days of Hypoxia 

0.014 
0.031 
0.057 
0.059 



119  

 
Fig. 6. Cardiac carbonyl protein level in the treatment group. * All values are presented as the mean ± SD; n=4; **p < 0.01 

vs normoxia; ns = not significant; Statistical analysis was performed using one-way ANOVA followed by multiple 
comparisons 

 
Figure 7. Comparison of cardiac carbonyl protein levels in control and treatment groups. * All values are presented as 

the mean ± SD; n = 4; *p < 0.05 vs  control; ns = not significant; Statistical analysis was performed using two-way ANOVA 
followed by multiple comparisons 

 

4. Discussion 
 The rationale for combining five medicinal plants 

in PHF is based on the diversity of their 
phytochemical profiles and antioxidant mechanisms. 
The administered dose of PHF (100 mg/kg body 
weight) was selected to ensure biological activity 
while remaining within a safe range based on 
preliminary toxicity screening. However, as this study 
employed a single-dose design, dose–response 
relationships and pharmacokinetic profiles could not 
be assessed and should be addressed in future 
studies. Andrographis paniculata and Curcuma 
xanthorrhiza are rich in diterpenoids and 
curcuminoids that act as direct ROS scavengers, 
whereas Phyllanthus urinaria and Blumea 
balsamifera are known to modulate endogenous 
antioxidant enzymes. Zingiber officinale contributes 
phenolic compounds with metal-chelating and anti-
inflammatory properties.12-13, 15-18 

Such diversity suggests potential functional 

complementarity, although synergistic or 
antagonistic interactions cannot be excluded. We 
assessed antioxidant capacity using the ABTS and 
DPPH assays, as both methods are classified as mixed-
mode (HAT/SET) assays that represent multiple 
approaches to antioxidant capacity evaluation based 
on their underlying mechanisms. These assays 
combine hydrogen atom transfer (HAT), which 
measures the ability of antioxidants to neutralize free 
radicals, generally peroxyl radicals considered more 
biologically relevant, through hydrogen atom 
donation, and single electron transfer (SET), which 
reflects the ability of antioxidants to transfer a single 
electron to reduce metal ions, carbonyl compounds, 
and radicals, resulting in the reduction of oxidants 
accompanied by a measurable color change. The 
discrepancy between ABTS and DPPH results may 
reflect differences in radical solubility, steric 
accessibility, and competitive interactions among 
phytochemicals within the extract. 



120  

4.1. Antioxidant Capacity Test using ABTS Method 
In the antioxidant capacity test using the ABTS 

(2,2' - azino - bis (3 - ethylbenzothiazoline - 6 -sulfonic 
acid)) method, the PHF extract was found to have an 
antioxidant capacity of 22.135 μg/mL. This result 
indicates a higher level than that of Ali et al., in which 
the pure ginger extract showed antioxidant capacities 
of 5.35 ± 0.33 and 7.05 ± 0.23 μg/mL.19 

Other studies also showed lower antioxidant 
capacity in single extract tests. Liwanda et al. 
reported that the antioxidant capacity of sambiloto 
extract obtained with a combination of ethanol and 
acetone solvents was 4.026 ± 0.02 μg/mL.20 Rusmana 
et al. found the antioxidant capacity of meniran 
extract was 1.53 μg/mL.21 Based on the antioxidant 
activity criteria of Blois et al., the ABTS test for the 
PHF extract was considered to have very strong 
antioxidant activity.22 The type of solvent can 
influence the ABTS test results in research conducted 
by other researchers; the solvent that is more 
effective or produces a higher value is a solvent that 
has radical scavenging properties.20 

4.2. Antioxidant Capacity Test using DPPH Method 
The antioxidant capacity test using the DPPH 

method for the PHF extract yielded an LC50 value of 
105.04 μg/mL, and based on the antioxidant activity 
criteria of Blois et al., the PHF extract has moderate 
antioxidant activity (Table 7).22 For Andrographis 
paniculata extract, a study conducted by Singh et al. 
found DPPH levels in Andrographis paniculata extract 
at a concentration of 100 μg/mL of 69.52 ± 0.52 
μg/mL, and the results increased with the 
concentration of the extract tested.23 The DPPH test 
results conducted by Singh et al. concluded that 
Andrographis paniculata extract has strong 
antioxidant activity (Table 7). In the study by 
Rusmana et al. The DPPH content in the meniran 
extract was 4.24 µg/mL.21 Interactions between 
plants, which can increase or decrease antioxidant 
activity in DPPH testing, can cause lower and higher 
results from the constituent plants.24 

4.3. Cardiac Carbonyl Protein Levels 
Test results showed an increase in cardiac 

carbonyl protein levels in the control and test groups 
during normoxia, 1-day hypoxia, 7-day hypoxia, and 
14-day hypoxia. A significant increase in carbonyl 
protein levels was observed in the control group 
between normoxia and 14-day hypoxia (p = <0.05) 
(Figure 5). Furthermore, in the test group, there was 
a very significant increase in carbonyl protein levels 
between normoxia and 14-day hypoxia (p = <0.01) 
(Figure 6). This is because the longer the exposure to 
hypoxia, the greater the oxidative-stress-induced 
protein damage caused by oxidative stress, which 
increases carbonyl levels in the heart. This increase in 
carbonyl levels is also consistent with the findings of 
Marques et al. As the mice aged to 12 months, protein 
carbonyl levels increased due to the accumulation of 
oxidative protein damage in heart tissue.25 

Interestingly, PHF administration did not 
significantly reduce protein carbonyl levels in the 7-
day hypoxia group (p = >0.05) (Figure 7). This finding 
may reflect a phase of endogenous antioxidant 
adaptation, where upregulation of intrinsic defense 
systems temporarily compensates oxidative burden. 
Such adaptive responses have been described in 
subacute hypoxia and may represent a form of 
hormetic regulation, where oxidative remodeling 
occurs before overt damage manifests. 26 

The protein carbonyl test on the hearts of the mice 
showed a difference between the control and test 
groups. The protein carbonyl levels in the test group 
given PHF extract were lower than those in the 
control group not given PHF extract. This indicates 
that administering PHF extract to the heart tissue can 
better suppress oxidative stress and reduce protein 
damage. 

5. Conclusion 
This study demonstrated that the Penta Herbs 

Forte (PHF) extract contains a high level of phenolic 
compounds. The extract exhibited potent antioxidant 
activity. Administration of PHF extract in hypoxia-
induced Sprague Dawley rats led to a decrease in 
cardiac protein carbonyl levels across all treatment 
groups—normoxia, 1-day, 7-day, and 14-day hypoxia, 
respectively. Notably, a significant reduction in 
protein carbonyl levels was observed in the PHF-
treated groups compared to their respective controls, 
particularly under normoxia, 1-day, and 14-day 
hypoxia conditions. In conclusion, PHF demonstrated 
antioxidant activity and was associated with reduced 
cardiac protein oxidation in a hypoxia-induced rat 
model. While these findings support its potential 
antioxidative role, further studies incorporating 
dose–response analysis, mechanistic biomarkers, and 
standard antioxidant comparators are required 
before translational implications can be inferred. 
Future investigations should incorporate a broader 
oxidative stress panel, including endogenous 
antioxidant enzymes (SOD, CAT, GPx), inflammatory 
markers, and apoptotic signaling pathways, to 
provide a more comprehensive understanding of 
PHF-mediated cardioprotection. 
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