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Abstract. Rhodamine B is a carcinogenic additive that can trigger free 

radicals. Bajakah wood (Spatholobus littoralis), red betel (Piper crocatum), 

and Papua red fruit (Pandanus conoideus) are herbs with high antioxidants 

to ward off free radicals. This study analyzed the ability of the three herbs 
to fight free radicals due to rhodamine B injection. Eighty-five mice (Mus 

musculus) were divided into 17 treatment groups. The groups consisted of 

mice without herbs and rhodamine B, only with rhodamine B, and a 

combination of rhodamine B with certain herbal doses. Free radical 
measurements were carried out using Electron Spin Resonance (ESR), and 

cell damage was observed through histopathology. The effective doses were 

7.27 mg/ml (Bajakah), 3.95 mg/ml (red betel), and 8.83 mg/ml (Papua red 

fruit). Free radicals decreased to 0.6 A.u (Bajakah), 0.8 A.u (red betel), and 
0.7 A.u (Papua red fruit). Histopathology showed a decrease in cell damage 

by 44.7% (Bajakah), 30.2% (red betel), and 26.6% (Papua red fruit). The 

results of free radicals correlate with cell damage. Bajakah wood is the most 

effective herb for preventing free radicals.  

1 Introduction 

Food safety is a serious problem faced throughout the world. The public is becoming 

increasingly concerned about the increasing need for food, which is not balanced with good 

supervision [1]. This incident was exploited by irresponsible parties to gain profits by 

carrying out illegal actions such as misusing additives and chemicals that are dangerous to 

health [2–4]. Rhodamine B is a dangerous synthetic dye prohibited in food products because 

it can damage the liver, kidneys, and spleen [5]. The main factor that makes Rhodamine B 

capable of causing various chronic diseases is free radical formation due to the interaction of 

Rhodamine B compounds with biomolecules in the body [6,7]. This research conducted 

several literature studies and identified three herbs that can be used as antioxidants to ward 

off free radicals caused by rhodamine B [8–10]. Herbal plants Bajakah wood (Spatholobus 
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littoralis), red betel (Piper crocatum), and Papuan red fruit (Pandanus conoideus) were 

chosen because they have the best antioxidant content compared to other plants. Several 

previous studies, such as those conducted by Hamzah, showed that Bajakah wood 

(Spatholobus littoralis) is very effective as an antibiofilm for treating inflammation, diabetes 

mellitus (DM), and diabetic foot infections (DFI) [11]. Bajakah wood (Spatholobus littoralis) 

originates from Central Kalimantan and contains flavonoids, alkaloids, and carotenoids, 

which are anti-inflammatory, anti-allergic, anti-thrombotic, and anti-viral. Antioxidants in 

Bajakah wood (Spatholobus littoralis) very quickly ward off free radicals by transferring 

hydrogen atoms [12].  

Red betel (Piper crocatum) is a climbing plant that grows in tropical plains and is often 

used as an ornamental plant because it has beautiful and beautiful colours. Over time, red 

betel leaves (Piper crocatum) have been used as anti-inflammatory, anti-mutagen, and anti-

diabetic drugs [13]. Red betel (Piper crocatum) contains bioactive compounds of flavonoids, 

alkaloids, tannins, and essential oils, effectively preventing free radicals and oxidation of 

saturated fatty acids [9]. Previous research was conducted by Syarifah, which proved that red 

betel (Piper crocatum) was able to suppress the activity of 2,2-diphenyl-1-picrylhydrazyl 

(DPPH) radicals by up to 74.90 ± 0.27% [14]. Another test carried out by Alfarabi showed 

the efficacy of red betel (Piper crocatum) in inhibiting fatty acid oxidation and the free radical 

cycle [15]. Papuan red fruit (Pandanus conoideus) is an endemic plant that grows wild in 

Papua forests. Papuan red fruit (Pandanus conoideus) contains tocopherol, cryptoxanthin, 

linoleic acid, oleic acid, 𝛼-carotene and 𝛽-carotene with 2 hydroaromatic rings, 3 ionic rings 

and pseudoionone [10]. The antioxidant content of Papuan red fruit (Pandanus conoideus) 

can act as an electron donor in warding off free radicals due to rhodamine B. Research 

conducted by Ning proves that Papuan red fruit (Pandanus conoideus) can stimulate nitric 

oxide production and reduce oxidative stress in endothelial cells [16]. Atmaja also proved 

that the influence of Papuan red fruit (Pandanus conoideus) is very significant in the healing 

process of incisor wounds, increasing the amount of angiogenesis and collagen density in the 

skin [17].  

All three types of herbs can be used to ward off free radicals, but research has never 

directly analyzed and compared the most effective herbs to ward off free radicals caused by 

rhodamine B. This research differs from previous research because it focuses more on 

observing the type and relative levels of free radicals produced by rhodamine B and the 

effectiveness of the best herbs in warding off free radicals caused by rhodamine B. The 

implications of this research for food safety are very broad. In addition to providing an 

alternative to reduce the negative impacts of rhodamine B on the body, the results of this 

study can also encourage the development of herbal-based functional food products. 

Integrating these three herbs into the food system also has the potential to support 

sustainability because they come from abundant local natural resources and can be cultivated 

sustainably. It is hoped that the benefits of this research will be able to provide contributions 

and insight into alternative herbal medicines to control free radicals caused by rhodamine B.  

2 Materials and methods 

2.1 Preparation of experimental animals  

This study used ninety standard laboratory male mice (Mus musculus) as research subjects. 

The mice's body weight (BW) was 28 ± 0.3 grams at three months of age. Acclimatization 

was carried out for seven days to avoid stress and enable mice to adapt to the cage 

environment. Mice undergoing the acclimatization process were divided into seventeen 

groups, as shown in Table 1. 
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Table 1. Distribution of treatment groups. 

Treatment Code Amount 
Rhodamine B  

(mg/gr BW) 

Antioxidants 

(mg/ml) 

Control 
KK (+) 15 mice - - 

KK (-) 15 mice 3.5 - 

Bajakah wood (Spatholobus 

littoralis) 

KKB1 15 mice 

3.5 

3.63 

KKB2 15 mice 5.45 

KKB3 15 mice 7.27 

KKB4 15 mice 9.08 

KKB5 15 mice 10.90 

Papuan red fruit (Pandanus 

conoideus) 

KBM1 15 mice 

3.5 

4.41 

KBM2 15 mice 6.62 

KBM3 15 mice 8.83 

KBM4 15 mice 11.03 

KBM5 15 mice 13.24 

Red betel leaves (Piper 

crocatum) 

KSM1 15 mice 

3.5 

1.97 

KSM2 15 mice 2.96 

KSM3 15 mice 3.95 

KSM4 15 mice 4.94 

KSM5 15 mice 5.93 

 

Rhoadamin B was given orally to experimental animals once a day (every 08.00 AM) 

using a gastric sonde. Bajakah herbal solution (Spatholobus littoralis), red betel (Piper 

crocatum), and Papuan red fruit (Pandanus conoideus) are given twice a day (every 01.00 

PM and 07.00 PM). This treatment was carried out for three weeks. After three weeks of 

treatment, blood was taken from experimental animals to identify free radical types and their 

relative levels. The measurement results were also correlated with histopathological 

observations. 

2.2 Relative levels measurement of free radicals  

Free radical identification was carried out using electron spin resonance (ESR) with a 

constant current of 0.2 Ampere. Electron spin resonance (ESR) utilizes one radio frequency 

(RF) coil and two Helmholtz coils. Electron spin resonance (ESR) was calibrated using pure 

free radicals of type 2.2-diphenyl-1-picrylhydrazyl (DPPH). Blood tissue is measured after 

the instrument has been properly calibrated. The frequency variable will be applied to find 

the value of magnetic field (B) and lande factor (g-factor). 

2.3 Histopathological observation  

Histopathological observations were carried out using a light microscope integrated with a 

computer. The magnification was 400 times to see each treatment group's number and type 

of cell damage. The staining method and sample preparations were carried out using Giemsa 

according to previous observation procedures [18]. We analyzed the number of cells that 

experienced damage as a percentage calculated using Equation 1. 

 

Percentage of cell damage = 
Σ damage cells

Σ observed cells
× 100%                 (1) 
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2.4 Statistical analysis  

This study used analysis of Variance (ANOVA) and Pearson correlation tests as statistical 

analysis. Calculations were performed using Statistical Software 13.0 (10). The F value 

indicates a comparison of variability between groups. The greater the F value indicates the 

possibility of a significant difference. ANOVA test with a p-value <0.05 means significant. 

A correlation coefficient (r) approaching 1 means a very strong relationship. 

2.5 Limitation  

This study only measured free radicals using Electron Spin Resonance (ESR) and did not 

compare it with several other methods. Histopathology was only performed using a light 

microscope to observe the morphology of red blood cells (RBC), and we did not observe 

using a Scanning Electron Microscope (SEM) or Complete Blood Count (CBC). This study 

did not observe changes in body weight, take additional samples, or measure other 

physiological parameters. 

3 Result 

In this research, identification of free radicals using electron spin resonance (ESR) was 

carried out to see free radicals type produced by rhodamine B and to test the effectiveness of 

Bajakah wood herbs (Spatholobus littoralis), red betel (Piper crocatum), and Papuan red fruit 

(Pandanus conoideus) to counteract it. Free radical identification in the KK (+) group did not 

reveal any free radical, even though it had been tracked at the minimum to the maximum 

frequency that could be carried out by electron spin resonance (ESR). Free radicals appeared 

in all groups that received rhodamine B, as shown in Table 2. Based on the measurement 

results, it was found that two types of free radicals were produced by rhodamine-B, namely 

radical oxygen singlet ( 𝑂1
2) and radical superoxide anion (𝑂2

−) [19]. Different types of free 

radicals were found at different herbal doses, even in the same group. This event shows free 

radicals' instability when capturing and releasing electron donors provided by antioxidants 

[20]. Radical oxygen siglet ( 𝑂1
2) and radical superoxide anion (𝑂2

−) are very reactive to 

oxidase reactions that occur in the body. These two types of free radicals are types of 

oxidative radicals that easily cause oxidative stress [21]. Oxidative stress in the body causes 

metabolic dysregulation, which can damage glucose, lipid metabolism, and immune function 

to fight disease [22]. 

Table 2. Identification of free radical types 

Treatment Code Frequency Magnetic field 
Lande 

factor 

Free radicals 

type 

Control 
KK (+) - - - - 

KK (-) 21.3×105 Hz 8.5×10-5 T 1.74 𝑂2
− 

Bajakah wood 

(Spatholobus littoralis) 

KKB1 18.4×105 Hz 8.5×10-5 T 1.50 𝑂1
2 

KKB2 18.4×105 Hz 8.5×10-5 T 1.50 𝑂1
2 

KKB3 18.4×105 Hz 8.5×10-5 T 1.50 𝑂1
2 

KKB4 18.7×105 Hz 8.5×10-5 T 1.53 𝑂2
− 

KKB5 19.8×105 Hz 8.5×10-5 T 1.61 𝑂2
− 

Papuan red fruit 

(Pandanus conoideus) 

KBM1 18.4×105 Hz 8.5×10-5 T 1.50 𝑂1
2 

KBM2 18.4×105 Hz 8.5×10-5 T 1.50 𝑂1
2 

KBM3 18.4×105 Hz 8.5×10-5 T 1.50 𝑂1
2 
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Treatment Code Frequency Magnetic field 
Lande 

factor 

Free radicals 

type 

KBM4 18.4×105 Hz 8.5×10-5 T 1.50 𝑂1
2 

KBM5 21.2×105 Hz 8.5×10-5 T 1.73 𝑂2
− 

Red betel leaves 

(Piper crocatum) 

KSM1 18.4×105 Hz 8.5×10-5 T 1.50 𝑂1
2 

KSM2 18.4×105 Hz 8.5×10-5 T 1.50 𝑂1
2 

KSM3 18.9×105 Hz 8.5×10-5 T 1.54 𝑂2
− 

KSM4 20.3×105 Hz 8.5×10-5 T 1.66 𝑂2
− 

KSM5 18.4×105 Hz 8.5×10-5 T 1.50 𝑂1
2 

 

Rhodamine B compound does not directly contain free radicals but can disrupt the 

respiratory chain when it enters and interacts with biomolecules in the body [23]. Further 

analysis found that although free radicals were found in all treatment groups that received 

rhodamine B, relative levels of free radicals were successfully suppressed using herbs 

Bajakah wood (Spatholobus littoralis), red betel (Piper crocatum), and Papuan red fruit 

(Pandanus conoideus). Figure 1 shows that all types of herbs used in this study reduced 

relative levels of free radicals lower than the KK (-) group. The third dose is the most optimal 

dose to ward off free radicals caused by rhodamine-B. Herbs-type Bajakah wood 

(Spatholobus littoralis) is the most effective antioxidant for warding off free radicals caused 

by rhodamine B. 

 

 

Fig. 1. Correlation of herbal doses to free radicals relative levels. Bajakah wood (KKB), red betel leaves 

(KSM), and Papuan red fruit (KBM). 

Free radicals' relative levels increased again at the fourth dose. This shows that the herbal 

dose given has been overdosed and made free radicals unstable again. Giving herbal doses 

exceeding effective doses does not improve the situation; It worsens it [24]. The results of 

free radical identification were correlated with histopathological observations. The results of 

histopathological observations showed cell deformation in target cells, microcytic cells, 

macrocytic cells, hypochromic cells, and irregular shapes (Figure 2). The most cell damage 

was found in the KK (-) group, which only received rhodamine B without herbal treatment. 

The least damage to blood cells was found in the KK (+) group, which did not receive 

rhodamine B and herbs. 

0.0

0.5

1.0

1.5

2.0

2.5

KK + KK - DOSE 1 DOSE 2 DOSE 3 DOSE 4 DOSE 5

R
el

a
ti

v
e 

le
v

el
s 

o
f 

fr
ee

 r
a

d
ic

a
ls

 (
A

.u
)

Treatment

KKB KSM KBM

5

BIO Web of Conferences 154, 02007 (2025)
ICGRC & ICJAM 2024

https://doi.org/10.1051/bioconf/202515402007



 

 
O Normal cell 

O Target cell 

O Microcytic cell 

O Macrocytic cell 

O Hypochromic cell 

O Irregular Shape cell 

Fig. 2. Histopathology of blood cells that received Bajakah herbal 7.27 mg/ml (KKB 3), red betel leaf 

3.95 mg/ml (KSM 3), and Papuan red fruit 8.83 mg/ml (KBM 3).  

The KK (+) group showed round blood cells with visible cell wall lines. The negative 

control group showed blood cells that experienced cell wall degradation and shape changes. 

Herbal group of red betel (Piper crocatum) and Papuan red fruit (Pandanus conoideus) have 

made blood cells have a more regular shape, but the number of deformed cells is still large. 

Bajakah wood herb (Spatholobus littoralis) has the most significant ability to suppress cell 

damage, so many normal blood cells can still be found, and fewer cells experience 

deformation. The percentage of cell damage in each group is shown in Figure 3. Herbs red 

betel (Piper crocatum) and Papuan red fruit (Pandanus conoideus) were able to suppress cell 

damage that occurred, but the effect was less significant. Bajakah wood (Spatholobus 

littoralis) is the most significant antioxidant in warding off free radicals so that cell damage 

can be reduced to a minimum. The results of histopathological observations followed 

measurements of free radicals' relative levels. In the fourth dose, cell damage increased again 

when free radicals relative levels also increased. 
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Fig. 3. Correlation of herbal dosage to cell damage percentage. Bajakah wood (KKB), red betel leaves 

(KSM), and Papuan red fruit (KBM). 

Statistical analysis conducted on three types of antioxidants, namely Bajakah wood 

(Spatholobus littoralis), red betel (Piper crocatum), and Papua red fruit (Pandanus 

conoideus) showed significant differences and a close relationship between relative free 

radical levels and levels of cell damage in each treatment. The ANOVA test on the three 

types of antioxidants gave a very small p-value (<0.05), indicating that the difference 

between relative free radical levels and cell damage did not occur by chance. Papua red fruit 

(Pandanus conoideus) has an F value of 68.40 with a p-value of 2.67 × 10⁻⁶, indicating a 

significant difference. Red betel (Piper crocatum) has a higher F value, which is 81.89, with 

a p-value of 1.04 × 10⁻⁶, then Bajakah wood (Spatholobus littoralis) has the highest F value, 

which is 83.29 with a p-value of 9.53 × 10⁻⁷. These results indicate that all antioxidants 

significantly affect both parameters tested. 

Pearson correlation for the three types of antioxidants showed a very strong relationship 

between relative free radical levels and cell damage. Papua red fruit (Pandanus considers) 

showed a correlation coefficient of 0.962 (p-value 0.0005), followed by red betel (Piper 

crocatum) with a coefficient of 0.940 (p-value 0.0016), and Bajakah wood (Spatholobus 

littoralis) with the highest correlation coefficient, which was 0.965 (p-value 0.0004). These 

correlation results were statistically significant, indicating that increased free radicals were 

consistently associated with increased cell damage for all treatments. This confirms a direct 

relationship between the mechanism of action of antioxidants and the observed biological 

effects. Overall, the results of ANOVA and Pearson correlation provide a deeper 

understanding of the effectiveness of each antioxidant in reducing cell damage caused by free 

radicals. Although all three showed similar statistical significance, Bajakah wood 

(Spatholobus littoralis) showed the strongest correlation between free radicals and cell 

damage. Red betel (Piper crocatum) showed higher statistical values in the ANOVA test, 

indicating greater differences between the parameters tested. Papuan red fruit (Pandanus 

conoideus) had slightly lower correlation and ANOVA values but showed significant 

relationships and differences between variables, proving its potential as an antioxidant. 
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4 Discussion 

Rhodamine B injected into the body has been proven to produce superoxide anion free 

radicals (𝑂2
−). Rhodamine B compound in the body will trigger an oxidation reaction, which 

causes electron donation to oxygen in the blood [25]. Oxygen molecule will bind to 

cytochrome P450, which contains flavine adenine nucleotide (FAD), flavin mononucleotide 

(FMN), and iron-sulfur (Fe-S), which facilitates the transfer of a single electron from 

NADPH to oxygen molecule resulting in the formation of radical superoxide anion (𝑂2
−) [26]. 

The Electron donor scheme is illustrated in Figure 4. 

 

 

Fig. 4. Illustration of electron donors to oxygen. 

Free radicals formed are molecules with unpaired electrons, making them highly reactive 

to biomolecules in the body, such as proteins, DNA, and chromosomes [27, 28]. Free radicals 

will not be stable until the electrons in the molecule are paired [29]. This instability 

encourages free radicals to seek electron pairs, which can damage the structure of the 

biomolecules they encounter. Excessive accumulation of free radicals can cause oxidative 

stress or a condition where the number of free radicals exceeds the body's antioxidant defense 

capacity. Prolonged oxidative stress can result in lipid peroxidation, cell damage, and 

mitochondrial dysfunction [30–32]. 

Rhodamine B is included in the group of xenobiotic substances that can be metabolized 

by the cytochrome P450 enzyme [33]. Cytochrome P450 is a group of enzymes that contain 

heme and play a role in the metabolism of various compounds. This enzyme can bind oxygen 

and carbon-based substrates and has redox components such as iron-sulfur (Fe-S). 

Cytochrome P450 is generally bound to phospholipid membranes and smooth endoplasmic 

reticulum in cells [34,35]. Cytochrome P450 catalyzes the transfer of single electrons to 

molecular oxygen through enzymatic activity and produces reactive oxygen species (ROS) 

such as superoxide anion radicals (𝑂2
−). Increased levels of rhodamine B in the body can 

stimulate the induction of the cytochrome P450 enzyme, thereby automatically triggering the 

emergence of free radicals [36]. The accumulation of free radicals can cause oxidative 

damage to biomolecules and cause various chronic degenerative diseases. The body has an 

endogenous antioxidant defense mechanism to protect itself from the damaging effects of 

free radicals. Still, excessive exposure to xenobiotic substances requires the body to have an 

additional defense system from exogenous antioxidants [21,37,38]. 

Our findings show that all herbs used can ward off free radicals caused by rhodamine B. 

Antioxidant content in Bajakah wood (Spatholobus littoralis), red betel (Piper crocatum), 

and Papuan red fruit (Pandanus conoideus) each has its character and ability to ward off free 
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radicals. Bajakah wood (Spatholobus littoralis) is the most effective herbal in recovery and 

preventing cell damage caused by free radicals [8–10]. The antioxidant activity of Bajakah 

wood (Spatholobus littoralis) is very strong in stopping the oxidative stress cycle and forming 

new types of free radical derivatives. Mechanism of Bajakah wood (Spatholobus littoralis) 

in warding off free radicals caused by rhodamine B occurs in three ways, namely hydrogen 

atom transfer (HAT), single electron transfer (SET), and transition metal chelation (TMC) 

[39]. Hydrogen atom transfer (HAT) is a mechanism for donating one hydrogen atom to a 

free radical molecule to form a new, more stable, non-radical species. Single electron transfer 

(SET) is a mechanism for transferring one electron to a free radical to become a less reactive 

anion, then interacting again with hydrogen ions to form a new, more stable compound. 

Transition metal chelation (TMC) is a mechanism to prevent the oxidation process and free 

radicals formation by binding transfer metal ions which can be catalysts for formation of free 

radicals [40]. 

5 Conclusion 

From the research that has been carried out, it can be concluded that results of measuring free 

radicals relative levels correlate with histopathological observations. Pearson correlation for 

the three types of antioxidants showed a very strong relationship between relative free radical 

levels and cell damage. Papua red fruit (Pandanus conoideus) showed a correlation 

coefficient of 0.962 (p-value 0.0005), followed by red betel (Piper crocatum) with a 

coefficient of 0.940 (p-value 0.0016) and Bajakah wood (Spatholobus littoralis) with the 

highest correlation coefficient, which was 0.965 (p-value 0.0004). The herb type that is most 

effective in preventing free radicals caused by rhodamine-B injection is Bajakah wood 

(Spatholobus littoralis) at a dose of 7.27 mg/ml. Free radicals relative levels can be 

suppressed with Bajakah wood herb (Spatholobus littoralis) to 0.6 ± 0.05 A.u and cell 

damage to 38.7%. 
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