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					ABSTRACT  

					ARTICLE INFO  

					Pluchea indica leaf extract (PIE) has shown promise as an anti-aging agent by extending the  

					lifespan of Saccharomyces cerevisiae. This study investigated the cytoprotective effects of P.  

					indica in Vero cells, using cells divided into preventive and curative treatment groups. In the  

					preventive group, PIE at concentrations of 136, 68, and 34 µg/mL was administered before the  

					addition of 40 µM or 80 µM H₂O₂. In the curative group, the same PIE concentrations were given  

					after the addition of 400 µM or 800 µM H₂O₂. Assays were conducted to evaluate cell viability,  

					the production of reactive oxygen species (ROS), apoptosis, and caspase-3 activity. In the  

					preventive treatment, H₂O₂ increased ROS formation by up to 70%, while PIE and ascorbic acid  

					reduced ROS levels to 26.8% and 38%, respectively. In the curative treatment, H₂O₂ increased  

					ROS production by 89.1%, with PIE and ascorbic acid reducing ROS levels by 36.6% and 52.2%,  

					respectively. The percentages of cell death, apoptosis, and caspase-3 activity measured in cells  

					under H₂O₂ stress and those treated with H₂O₂ combined with ascorbic acid and PIE showed  

					consistent results, indicating a trend from highest to lowest compared to the control group.  

					Notably, PIE demonstrated superior efficacy in maintaining cell viability compared to ascorbic  

					acid. In conclusion, PIE exhibits cytoprotective properties in Vero cells, effectively mitigating  

					oxidative stress in preventive treatments at lower concentrations and requiring higher  

					concentrations for optimal repair in curative treatments  
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					A cytoprotectant is a compound or agent that safeguards cells from  

					damage caused by various stress factors, including reactive oxygen  

					Introduction  

					species (ROS). The primary objective of administering cytoprotectants  

					is to minimize oxidative damage at the cellular level by enhancing  

					antioxidant defenses and reducing the production of ROS. These agents  

					also assist in maintaining normal cellular function, thereby preventing  

					apoptosis.9 Common cytoprotective agents are antioxidants,  

					compounds that can disrupt electron chains, neutralize free radicals, and  

					prevent the formation of ROS.10 By maintaining normal cell function,  

					antioxidants demonstrate significant potential as cytoprotective agents.9  

					Natural antioxidants, especially those derived from plants, have shown  

					promise in cytoprotective therapies against ROS. Silver nanoparticles  

					synthesized from Solanum melongena peel extract, which contains  

					polyphenols and anthocyanins, exhibit moderate antioxidant activity  

					and effectively inhibit the production of free radicals11. Pluchea indica  

					(L.) possesses several biomedical activities, including antioxidant,12,13  

					anticancer,14 and anti-inflammatory properties,15 highlighting its  

					potential as a cytoprotective agent. Additionally, our previous study  

					demonstrated that the leaves of Pluchea indica possess enzymes with  

					antioxidant activity, including superoxide dismutase (SOD), ascorbate  

					peroxidase (APX), and catalase (CAT). The leaves have demonstrated  

					anti-aging potential by extending the lifespan of Saccharomyces  

					cerevisiae and enhancing its survival under H2O2-induced stress. This  

					study aims to analyze the activity of Pluchea indica leaf extract in  

					protecting Vero cells from oxidative damage induced by H2O2. The  

					cytoprotective effects were evaluated by administering the extract to  

					Vero cells both before and after H2O2 exposure, representing respective  

					preventive and curative treatments.  

					Oxidative stress poses significant risks to health and  

					homeostasis, as it is involved in cell membrane damage, mitochondrial  

					dysfunction, aging, neurodegenerative diseases, cardiovascular  

					diseases, and cancer.1 This condition arises when free radicals or  

					reactive oxygen species (ROS) exceed the removal capacity of the  

					antioxidant system. The sources of oxidative stress can be either  

					endogenous or exogenous. Endogenous free radicals can result from  

					inflammation, infection, aging, ischemia, excessive exercise, mental  

					stress, and cancer. In contrast, exogenous free radicals originate from  

					exposure to UV radiation, air pollution, heavy metals (Cd, Hg, Pb, Fe,  

					As), medications, cigarette smoke, alcohol consumption, and unhealthy  

					lifestyles.2,3 An imbalance in ROS production can damage cellular  

					DNA, potentially leading to cell death.4,5 A commonly used method to  

					induce oxidative stress in the laboratory is exposure to hydrogen  

					peroxide (H2O2), which increases ROS production, triggering apoptosis  

					and irreversible cell damage.6-8  
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					Materials and Methods  

					Sampling and Extraction of Pluchea indica Leaves  

					The leaves of Pluchea indica were collected from a garden in Klaten,  

					Indonesia, and their identification was confirmed by a botanist at the  
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					Plant Systematics Laboratory, Faculty of Biology, Universitas Gadjah  

					Results and Discussion  

					Mada. The selected leaves were the fifth from the apex and were  

					characterized as mature, fresh, and green. The leaves were dried and  

					ground into powder. A hundred grams of dried leaf powder was  

					extracted using the maceration method with ethyl acetate as the solvent,  

					maintaining a 1:2 ratio for 24 h at room temperature, followed by three  

					additional maceration cycles. The extract was then filtered, and the  

					filtrate was evaporated to yield a concentrated paste of Pluchea indica  

					extract (PIE).  

					This study analyzed the cytoprotective activity of Pluchea indica  

					extract (PIE) on Vero cells subjected to H₂O₂ stress. Vero cells were  

					used because they are commonly employed in vaccine development,  

					drug metabolism testing, cytotoxicity assays, antibody production, and  

					studies of gene function.20 The use of Vero cells can manifest responses  

					in MTT assays that are similar to those observed with other cell types,  

					making them  

					a

					suitable alternative model for toxicology and  

					cytoprotective studies. 21  

					Vero cell treatment  

					Morphology of Vero Cells  

					The study obtained ethical approval from the Medical and Health  

					Research Ethics Committee, Faculty of Medicine, Public Health and  

					Nursing, Universitas Gadjah Mada (Ref. no. KE/FK/1377/EC/2023).  

					The cytoprotective activity of Pluchea indica extract (PIE) on Vero  

					cells was assessed through both preventive and curative treatments. In  

					the preventive treatment, the cells were pretreated with PIE at  

					concentrations of 136, 68, and 34 µg/mL for one hour, after which they  

					were exposed to H₂O₂ at concentrations of 40 µM and 80 µM and then  

					further incubated in the presence of PIE for 24 hours. This approach is  

					based on previously published methods 16,17 that involve administering  

					H2O2 at low concentrations for an extended period. In the curative  

					treatment, the Vero cells were exposed to high concentrations of H2O2  

					(400 µM and 800 µM) for two hours to induce oxidative stress.18,6,7 The  

					cells were subsequently washed with PBS buffer to remove H2O2 and  

					treated with PIE at concentrations of 136, 68, and 34 µg/mL for 24  

					hours. As a positive control, Vero cells were treated with ascorbic acid  

					at a concentration of 50 µM.7,19  

					H2O2 induced oxidative stress and decreased the viability of Vero cells.  

					The representative morphology of normal Vero cells (control group)  

					and those experiencing oxidative stress is shown in Figure 1. The  

					untreated Vero cells exhibited normal morphology, characterized by  

					elongated, polygonal, and flat shapes (Figure 1A). In contrast, Vero  

					cells treated with H2O2 appeared round and irregular, and shriveled, and  

					displayed signs of detachment (Figure 1B). Vero cells treated with H2O2  

					and either the extract or ascorbic acid exhibited morphology similar to  

					that of the control group, appearing elongated and polygonal (Figures  

					1C and 1D).  

					Cell Viability Assay  

					The viability of Vero cells was assessed using the MTT assay  

					(Invitrogen). Vero cells were seeded in a 96-well plate at a density of 5  

					× 103 cells/well and incubated for 24 hours. Following incubation, the  

					cells were subjected to preventive and curative treatments. After  

					treatment, 0.5 mg/mL MTT reagent was added, and the cells were  

					incubated for an additional four hours. The reaction was terminated by  

					adding 100 µL of 10% SDS in 0.1 N HCl as the stop reagent. The  

					absorbance was measured at a wavelength of 595 nm. The cell viability  

					assay was conducted to determine the optimal concentrations of H2O2  

					and the mixture of H2O2 and extract to be used in subsequent  

					experiments.  

					Intracellular ROS Assay  

					The cells subjected to preventive and curative treatments were  

					harvested, and the levels of intracellular reactive oxygen species (ROS)  

					were assessed using a reactive oxygen species (ROS) Fluorometric  

					Assay Kit 96T (Elabscience) according to the manufacturer’s  

					instructions. Analysis was performed using a flow cytometer (BD  

					FACS CANTO II) and BD FACSDIVA® software.  

					Figure 1: Morphology of Vero Cells. Normal Vero cells (A),  

					after exposure to H2O2 stress (B), after exposure to H2O2 stress  

					and PIE (C), and after exposure to H2O2 stress and Asc (D).  

					Observations were conducted using an inverted microscope at a  

					magnification of 20x. PIE: Pluchea indica extract; Asc:  

					Ascorbic acid.  

					Apoptosis Assay  

					The cells that received preventive and curative treatments were  

					harvested and washed with phosphate-buffered saline (PBS). The cells  

					were subsequently resuspended in 100 µL of 1X binding buffer. FITC  

					Annexin V and propidium iodide (PI) were added (5 µL each) and  

					mixed by vortexing. The cells were incubated for 15 minutes at room  

					temperature, followed by the addition of 400 µL of PBS. Apoptosis was  

					analyzed using a flow cytometer.  

					Vero cells normally have an elongated or polygonal shape. Cultured  

					Vero cells form a monolayer, adhere to the well’s surface, and display  

					an epithelial-like structure.22,18 Oxidative stress caused by H2O2 led to  

					changes in the morphology of Vero cells, including irregular  

					elongation, alterations in cell shape (becoming rounded or shriveled)  

					with uneven cell contours (Figure 1). These findings were consistent  

					with previous studies.7 In this study, the preventive treatment involved  

					applying PIE before exposure to low H₂O₂ concentrations, whereas the  

					curative treatment involved applying PIE after exposure to high H₂O₂  

					concentrations to induce oxidative stress. In the preventive model, low  

					H₂O₂ concentrations (40 and 80 µM) simulated mild oxidative stress,  

					similar to sub-toxic levels of reactive oxygen species under normal  

					conditions. Exposure to such low H₂O₂ concentrations increases ROS  

					production, causes DNA damage, reduces cell viability, and activates  

					aging-associated genes, including P53.16,17 This condition reflects the  

					continuous exposure to free radicals that occurs in daily life, allowing  

					the assessment of PIE's ability to prevent the progression of oxidative  

					stress. In the curative model, the higher H₂O₂ concentrations (400 and  

					800 µM) generated severe oxidative stress, with 800 µM representing  

					the IC₅₀ value from preliminary cytotoxicity assays. This design  

					Caspase-3 Assay  

					Caspase-3 activity was measured using an FITC Active Caspase-3  

					Apoptotic Kit (BD Pharmingen™ Bioscience), following the  

					manufacturer's protocol. The analysis was conducted using a flow  

					cytometer.  

					Statistical Analysis  

					The cytoprotective effect of Pluchea indica extract (PIE) on H₂O₂-  

					induced Vero cells was assessed using one-way ANOVA. Principal  

					component analysis (PCA) provided additional insights by  

					distinguishing between the control, H₂O₂-treated, and PIE-treated  

					groups.  
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					evaluated the capacity of PIE to restore cellular function after  

					substantial oxidative damage, thereby providing a framework to  

					investigate both the preventive and curative effects of the extract.  

					cells. The viability of Vero cells after receiving preventive and curative  

					treatments with PIE is illustrated in Figure 2. The treatment with 50 µM  

					ascorbic acid resulted in higher cell viability compared to H2O2 only,  

					indicating that ascorbic acid serves as an effective positive control. In  

					the preventive treatment, PIE resulted in a higher percentage of Vero  

					cell viability compared to ascorbic acid under both 80 µM and 40 µM  

					H2O2.  

					The Effects of PIE on Cell Viability  

					Based on our preliminary study, exposure to H2O2 at a concentration of  

					800 µM for two hours reduced the viability of Vero cells by 56.4% (data  

					not shown). Therefore, H2O2 concentrations of 800 µM and 400 µM  

					were employed in the assay of the cytoprotective effects of PIE on Vero  

					Figure 2: Viability of Vero Cells Exposed to hydrogen peroxide (H2O2)-induced Stress and PIE. Preventive effects (A) and curative  

					effects (B). PIE: Pluchea indica extract; Asc: Ascorbic acid. Note: *P < 0.05 indicates significant differences as determined by Duncan’s  

					tests at the 95% confidence level.  

					The Effect of PIE on H2O2-Induced Apoptosis  

					In the curative treatment, PIE at concentrations of 34, 68, and 136  

					µg/mL maintained Vero cell viability at 69%, 71%, and 74% in the 800  

					µM H2O2 treatment group, and at 84%, 84%, and 88% in the 400 µM  

					H2O2 treatment group, respectively. These results demonstrate that  

					although Vero cells experienced oxidative damage, treatment with PIE  

					had a concentration-dependent effect and reversed the damage to H2O2-  

					treated cells. In contrast, the effects of PIE on Vero cells exhibited a  

					different trend. In the preventive treatment, the lowest concentration of  

					PIE (34 µg/ml) maintained cell viability comparable to that of ascorbic  

					acid. However, in the curative treatment, a higher concentration of PIE  

					(136 µg/ml) was required to sustain Vero cell viability equivalent to that  

					of ascorbic acid. The concentrations of H2O2 used for subsequent testing  

					were based on the lowest viability conditions. Therefore, H2O2 at a  

					concentration of 80 µM and PIE at 34 µg/ml were used for the  

					preventive treatment, while for the curative treatment, H2O2 was  

					administered at 800 µM and PIE at 136 µg/ml for subsequent  

					experiments.  

					Under normal conditions, Vero cells exhibit 90.6% viability, with 6.4%  

					undergoing apoptosis and 2.8% undergoing necrosis. Administration of  

					80 µM H2O2 only (the preventive treatment) reduced cell viability to  

					22.6%, with apoptosis and necrosis occurring in 69.2% and 7.7% of the  

					cells, respectively. Treatment with PIE maintained cell viability at  

					90.9%, comparable to normal conditions, and was superior to ascorbic  

					acid, which only resulted in 81.1% viability. In the curative treatment,  

					administration of 800 µM H2O2 decreased cell viability to 12.6%, with  

					83.0% of cells undergoing apoptosis and 4.2% undergoing necrosis.  

					Treatment with PIE preserved cell viability at 87.2%, comparable to  

					normal conditions, and was significantly more effective than ascorbic  

					acid, which only achieved 36.6% viability.  

					Effects of PIE on ROS Production  

					This experimental system confirmed that H₂O₂ effectively triggered  

					ROS production, as indicated by the lowest ROS level in the control  

					(untreated cells). Figure 3 illustrates the similar trends for both sets of  

					treatments. In the preventive treatment, the highest ROS level occurred  

					in the H₂O₂-only group (80 µM), followed by the ascorbic acid group  

					and the PIE group (34 µg/mL), while the lowest ROS level was  

					observed in the control group. In the curative treatment, the highest  

					ROS production was observed in the group administered H2O2 only at  

					a concentration of 800 µM. In the curative treatment, the highest  

					production of ROS occurred in the cells treated with 800 µM of H₂O₂  

					alone. The addition of ascorbic acid reduced ROS levels compared to  

					the H₂O₂-only group, while treatment with PIE at 136 µg/mL further  

					decreased ROS production. Accordingly, ROS levels were highest in  

					the H₂O₂-only group, lower in the ascorbic acid group, and lowest in the  

					PIE-treated group. These findings show that higher concentrations of  

					H₂O₂ were associated with increased ROS production. In both the  

					preventive and curative treatments, PIE reduced ROS levels to 26.8%  

					and 36.6%, respectively, lower than those observed with ascorbic acid  

					(38.0% and 52.2%). This trend indicates that PIE led to a stronger  

					reduction of ROS compared to the positive control.  

					Figure 3: Percentage of ROS Production in Vero Cells  

					Subjected to Preventive and Curative Treatments. PIE: Pluchea  

					indica extract; Asc: Ascorbic acid.  

					H₂O₂ can induce both apoptosis and necrosis, depending on the  

					concentration used and the type of cells involved. In our study, H2O2  

					primarily induced cell death through apoptosis, while higher dosages  

					were associated with necrosis. These findings are consistent with  

					several previous studies, showing that H2O2 at low concentrations,  

					specifically < 0.4 mM, can induce apoptosis and cause cell necrosis at  

					higher concentrations.23  
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					The cytoprotective activity of PIE is influenced by the presence of  

					antioxidant compounds. The constituents of Pluchea indica include  

					alkaloids, sesquiterpenes, tannins, flavonoids, saponins, thiophenes,  

					sterols,28 lignans, phenylpropanoids, benzenoids, alkanes, phenolic  

					hydroquinones, and flavonols (e.g., quercetin, kaempferol, and  

					myricetin).29 Our previous study demonstrated that PIE contains  

					compounds such as n-hexadecanoic acid and neophytadiene that  

					possess antioxidant properties.12 These compounds play a crucial role  

					in protecting cells from oxidative stress induced by ROS and free  

					radicals.30 The antioxidant activity of phenolic compounds in PIE  

					employs several mechanisms to neutralize free radicals, including  

					radical scavenging, hydrogen donation, metal ion chelation, and serving  

					as substrates for radicals such as superoxide and hydroxyl radicals.31  

					Figure 4: Percentage of Live and Apoptotic Vero Cells  

					Subjected to Preventive and Curative Treatments. PIE: Pluchea  

					indica extract; Asc: Ascorbic acid.  

					Effect of PIE on Caspase-3 Activity  

					Caspase-3 is a key enzyme involved in apoptosis. In this study, caspase-  

					3 activity was lowest at baseline (Figure 5). The highest activity was  

					observed in the treatment with H2O2 only, followed by the ascorbic acid  

					and PIE treatments in both the preventive and curative groups (Figure  

					4). These findings confirm that apoptosis in this system is mediated  

					through the activation of caspase-3.  

					H2O2 caused significant cell death and triggered an increase in ROS  

					production (Figure 6). In contrast, the addition of PIE notably enhanced  

					cell viability compared to other treatments in both the preventive and  

					curative groups. In both treatments, the addition of H₂O₂ induced  

					oxidative stress, as evidenced by the increased production of ROS  

					(Figure 3). H2O2 exposure reduced cell viability compared to the control  

					groups (Figure 2); based on the apoptosis assay using flow cytometry,  

					H2O2 resulted in cell death through both necrosis and apoptosis (Figure  

					4). Apoptosis, a form of programmed cell death, involves mechanisms  

					such as the caspase-3 pathway, which leads to mitochondrial  

					dysfunction and ultimately cell death.24,25 Notably, apoptosis was more  

					prominent than necrosis in both the preventive and curative treatments.  

					While H₂O₂ is typically associated with necrosis at higher  

					Figure 5: Percentage of caspase-3 activity in Vero cells  

					following preventive and curative treatments. PIE: Pluchea  

					indica extract; Asc: Ascorbic acid.  

					concentrations,26 low concentrations of H₂O₂ (up to  

					1

					mM)  

					predominantly trigger apoptosis. This supports the conclusion that the  

					H₂O₂ concentrations used in both treatments were relatively low, as  

					indicated by the induction of apoptosis rather than necrosis, despite the  

					reduction in cell viability.  

					In this study, the addition of ascorbic acid and PIE demonstrated  

					protective effects against H₂O₂-induced damage in Vero cells, in both  

					the preventive and curative treatments. The addition of ascorbic acid  

					and PIE to H₂O₂-exposed Vero cells resulted in a reduction in the  

					production of ROS, indicating protection against oxidative stress.  

					Furthermore, the addition of ascorbic acid and PIE after H₂O₂ exposure  

					resulted in Vero cell morphology similar to that of normal cells in the  

					control group (Figure 1). Additionally, both ascorbic acid and PIE  

					maintained cell viability following exposure to H₂O₂ (Figure 4).  

					Ascorbic acid is an antioxidant compound capable of protecting cells  

					from oxidative stress, based on its ability to neutralize reactive oxygen  

					species (ROS) that cause oxidative stress. Ascorbic acid at  

					concentrations of 40-80 μM exhibits antioxidant activity.27 Ascorbic  

					acid reacts with species such as hydroxyl radicals, superoxide anions,  

					and hydrogen peroxide, thereby preventing their interaction with  

					biomolecules and maintaining normal cell function.19  

					Figure 6: Principal Component Analysis of all parameters. (a)  

					Preventive treatment, (b) Curative treatment.  

					Conclusion  

					PIE exhibited cytoprotective properties in Vero cells in both preventive  

					and curative treatments. In the preventive treatment, the lowest  

					concentration of PIE effectively protected Vero cells from oxidative  

					stress, while in the curative treatment, a higher concentration was  

					required for optimal repair of oxidative damage.  

					Vero cells treated with various PIE concentrations maintained greater  

					viability compared to cells treated with ascorbic acid in both the  

					preventive and curative groups (Figure 6). The use of PIE was more  

					effective in protecting Vero cells from the effects of oxidative stress.  

					This was evidenced by the fact that low concentrations of PIE were  

					sufficient to preserve cell viability, reduce intracellular ROS  

					production, and reduce cell death more effectively than ascorbic acid,  

					which served as the positive control. In the curative treatments,  

					however, the highest concentration of PIE was required to maintain cell  

					viability at levels comparable to those achieved with ascorbic acid.  
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