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ABSTRACT
Physalis angulata L. (Solanaceae) is traditionally used as a sedative, depurative, anti-rheumatic agent, and for earache relief; however, scientific validation of its antioxidant efficacy and safety remains limited. This study aimed to optimize aqueous extraction conditions to obtain a P. angulata extract with high antioxidant activity and to evaluate its preliminary toxicity profile. Dried powdered plant material was extracted with water at varying temperatures (40–100 °C) and incubation times (30 min–3 h). Antioxidant capacity was assessed using DPPH radical scavenging activity, ferric reducing antioxidant power (FRAP), total phenolic content (TPC), and malondialdehyde (MDA) inhibition assays. Phytochemical profiling was conducted using HPLC, while safety evaluation included brine shrimp lethality and acute oral toxicity testing in rats. Extraction at 80 °C for 30 min yielded the highest DPPH inhibition and TPC, whereas optimal FRAP values were observed at 60–80 °C for 1 h. The lowest MDA levels were recorded at 100 °C for 2 h. HPLC analysis identified chlorogenic acid and rutin as the major phenolic constituents. The extract demonstrated only mild toxicity in the brine shrimp assay, with significant lethality observed at 5 mg/mL. In the acute toxicity study, no mortality, significant body weight changes, or persistent behavioral abnormalities were observed. Overall, optimized aqueous extracts of P. angulata exhibit strong antioxidant activity with a favorable preliminary safety profile, supporting its potential as a natural antioxidant source for further in vivo investigations.
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INTRODUCTION

Natural products derived from medicinal plants continue to attract significant scientific interest due to their long-standing traditional use and their potential as sources of bioactive compounds with health-promoting properties (El-Saadony et al., 2025). Among these, antioxidant-rich plant extracts have been extensively investigated for their ability to neutralize reactive oxygen species (ROS), which are implicated in the pathogenesis of various chronic diseases, including cardiovascular disorders, diabetes, neurodegenerative diseases, and cancer (Muscolo et al., 2024). Consequently, the identification and optimization of plant-based antioxidants, together with an evaluation of their safety, remain an important area of research.

Physalis angulata L., a member of the Solanaceae family, is an annual herb widely distributed in tropical and subtropical regions (Ramakrishna et al., 2022). In Malaysia, it is commonly known as “letup-letup” and has been traditionally used for various medicinal purposes, including as a sedative, depurative, anti-rheumatic agent, and for the relief of earache (Lem et al., 2022). Ethnomedicinal reports have also described its use in the management of inflammation, pain, and metabolic disorders (Novitasari et al., 2024). Despite its extensive traditional application, scientific studies validating its antioxidant potential and safety profile are still relatively limited.

Previous pharmacological investigations have demonstrated that P. angulata exhibits anti-inflammatory, antinociceptive, antipyretic, and antidiabetic activities, suggesting the presence of bioactive phytochemicals with significant therapeutic potential (Tuan Anh et al., 2021). Phytochemical studies have reported that P. angulata contains various secondary metabolites, including physalins, withanolides, flavonoids, and phenolic acids, which are known contributors to antioxidant activity (Pillai et al., 2024). 

The antioxidant efficacy of plant extracts is strongly influenced by extraction parameters, including solvent type, temperature, and extraction duration (Xu et al., 2017). Aqueous extraction is especially relevant for traditional medicinal use and food-related applications; however, inappropriate extraction conditions may lead to suboptimal recovery of bioactive compounds or degradation of thermolabile constituents (Zhang et al., 2018). Therefore, optimizing extraction temperature and time is crucial to maximize antioxidant activity while preserving compound stability.

In addition to bioactivity, safety evaluation is a fundamental requirement in the early development of plant-based products (Najmi et al., 2022). Preliminary toxicity screening methods, such as the brine shrimp lethality test, provide a rapid and cost-effective approach for assessing potential cytotoxicity and guiding subsequent in vivo safety studies (Banti et al., 2021). Although P. angulata has been traditionally consumed, systematic toxicological data supporting its safe use remain scarce, particularly for standardized extracts prepared under controlled conditions.

In this context, the present study aimed to prepare a P. angulata water extract with high antioxidant efficacy by optimizing extraction temperature and duration. The antioxidant properties of the extracts were evaluated using DPPH radical scavenging, ferric reducing antioxidant power (FRAP), total phenolic content (TPC), and malondialdehyde (MDA) inhibition assays. Furthermore, a preliminary toxicological assessment was conducted using the brine shrimp lethality test to provide an initial indication of extract safety. The findings of this study are expected to contribute valuable baseline data supporting the potential use of P. angulata as a natural antioxidant source and to guide future in vivo safety and efficacy investigations.


METHOD

Collection of plant and authentication
The plant was collected at Forest Research Institute Malaysia (FRIM). The sample was sent to Natural Product Division for authentication. 
Preparation of water extract
The plant was collected and washed. The plant was dried using an oven with a temperature of 55oC for 48 hours. After that, the plant was ground into powder. Five milligrams of P. angulata were weighed using an electronic balance and placed in falcon tubes. One milliliter of distilled water was added. The tubes were placed in a water bath and heated at different temperatures (40ºC, 60ºC, 80ºC, and 100ºC) and at different times for each temperature (15 min, 30 min, 1h, 2hrs, and 3hrs). The extract was then centrifuged for 15 min at 2000 rpm. The suspension was kept in a freezer at -20oC until used.

Antioxidant test
DPPH
DPPH scavenging assay was performed according to Abdullah et al., (2021) with modifications. A DPPH reagent was prepared by mixing 1.77g of DPPH powder in 10 mL methanol. Previously prepared C. gynandra extract were taken from the freezer and prepared for DPPH testing. Fifty microliters of C. gynandra extract were then mixed with 100 μL of DPPH reagent into a 96-well microplate. The microplate was incubated for 30 min in the dark. The absorbance of the solution was measured at a 540nm wavelength. Ascorbic acid with a concentration of 5 mg/mL was used as the positive control. The experiments were performed three times.

FRAP
FRAP assessment followed the procedure described by Benzie and Strain (1996). The FRAP reagent contained 2.5 mM of 10 mM TPTZ solution in 40 mM HCl, 2.5 mL of 20 mM FeCl3 • 6H2O, and 25 mM of 300 mM acetate buffer (pH = 3.6). A standard curve was prepared using a concentration of 0.1–2 mmol / l FeSO4 • 7H2O. The reaction mixture was stirred at 37oC for 30 min and the absorbance was measured at 593 nm using the spectrophotometer. For the C. gynandra sample, 30 μL of the prepared extract was placed in a 96-well plate. Then 200 μL of FRAP reagent was added to the microplate and mixed using a microplate mixer for a few minutes. Absorbance was measured spectrophotometrically. The positive control used in this study was Vitamin C (Vit C). The experiments were performed three times
TPC
The TPC of each extract was determined by the FolinCiocalteu method following Singleton and Rossi (1965) with some modifications. In short, 20 μL of the water extract was mixed with 10 μL of Folin-Ciocalteu reagent in each microplate wellcontaining sample and positive control. The mixture was kept for 5 min at 37°C. Then, 40 μL of 7.6% sodium carbonate was added. The microplate was then placed for 2 hours in a dark condition. Subsequently, 765 nm was used to measure the absorbance against the blank.
MDA
The modified thiobarbituric acid reactive species (TBARS) test was used to measure the lipid peroxide formed, using egg yolk homogeneity as the lipid-rich medium (Upadhyay et al., 2014). Two hundred and fifty microliters of 10% egg homogeneity were placed into a test tube. Then, 50 μL of C. gynandra extract was then mixed in the test tube. Distilled water was added to the test tube to make 500 μL. Finally, 25 μL “FeSO4” (0.07 M) was added to the above mixture and incubated for 30 min, for lipid peroxidation induction. Subsequently, 750 μL of 0.8% TBA, 750 μL of 20% acetic acid, and 25 μL of 20% TCA were added to the test tube. The test tube was heated in a boiling water bath for 60 minutes and cooled under tap water. Each test tube was then added with 3.0 ml of 1-butane and centrifuged at 3000 rpm for 10 min. The top layer was measured at 532 nm.
Preparation of P. angulata water extract and HPLC analysis
The plant was collected and washed and submitted to HPLC according to Ekeke et al., (2019). The plant was dried using an oven with a temperature of 55oC for 48 hours. After that, the plant was ground into powder. 100 g of P. angulata were weighed using an electronic balance and placed into 4 L beaker. One liter of distilled water was added. The tubes were placed in a water bath and heated at 100ºC for 1h. The extract was evaporated for 55oC. The extract was subjected to HPLC analysis. A modular Shimadzu LC-10 system composed of an LC-10AD pump, a CTO-10A column oven, an SPD-10A UV-DAD detector, a CBM-10A interface and LC-10 Workstation was utilized. A LC-18 column (250mm x 4 mm i.d. x 5 mm) from Supelco (Bellefonte, USA) was employed, at 30oC. Separations were done in the isocratic mode, using acetonitrile: water (40:60; v/v) at a flow rate of 1 mL min-1; with an injection volume (“loop”)of 20 µL; UV detection was at 274 nm.
Toxicity: Brine Shrimp Lethality Test
For the preparation of sea water 38 g of sodium chloride was weighed, dissolved in distilled water to make 1 liter solution and then filtered off to get clear solution. This simulated sea water was used for hatching of brine shrimp (Sahgal et al., 2010). The shrimp was allowed for two days to hatch and mature as nauplii (larvae). In a small beaker, measured amount of the sample was accurately weighed and dissolved in dimethyl sulfoxide (DMSO) to give a final concentration of 10mg/ml (10 μg/μl). From the test tube containing brine shrimp nauplii, 10 test tubes were taken for the sample where each contained 5ml of seawater and 10 nauplii. These test tubes were marked from 1 to 10 for the sample. To these test tubes different concentrations (1000 μg/ml, 800 μg/ml, 500 μg/ml, 300μg/ml, 200μg/ml, 150 μg/ml, 100 μg/ml, 50 μg/ml, 20 μg/ml and 10 μg/ml) of the sample were added. Then the samples were subjected to brine shrimp lethality evaluation. 13 In this case, only 50 μl DMSO was added in 5 ml sea water containing 10 nauplii. No extract was added to prepare control solution. Measured amount of the vincristine sulphate (Techno Drugs Ltd., Bangladesh) was used dissolved in DMSO to get an initial concentration of o.512 µg/ml.9 test tubes for the standard sample were taken where each contained 5 ml of seawater and 10 nauplii.
Acute animal toxicity test 
The test was performed according to Ballesteros-Ramírez et al., (2024). Wistar rats and mice of both sexes were used in the experiment to compare their histopathological changes. Totally, 90 Wistar rats weighing 168-205 g and 180 Swiss albino mice weighing 17-24 g were acclimatized for 7 days before the treatments. A standard was provided and water was available ad libitum. Ten rats (5 of each sex) and 20 mice (10 of each sex) were administrated with the aphthous powder diluted in sterile distilled water in concentrations of 2, 4, and 8 ml/kg. For the aphthous gel treatment groups the subjects were administrated with the aphthous gel in 3, 6, and 12 ml/kg and 12 ml/kg for the gel base. The animal control groups were treated with sterile distilled water. The administration was done by using the stomach tubes for introduction both diluted aphthous powder and gel directly into the animal stomachs. All animals were treated once daily for 14 days and were observed for their changing behavior. After treatments, all sacrificed animals were dissected for their livers and kidneys for histopathological examination. The experiment protocol was submitted to KU Animal care guideline committee.
Statistical Analysis
Animal toxicity results were expressed as mean ± standard error of mean (S.E.M.). The data obtained from acute toxicity studies was analyzed using Student’s t-test. P values less than 0.05 were considered significant.


RESULTS
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Figure 1: DPPH free radical scavenging activity of P. angulata extract with different temperatures and times. Values are mean ± standard deviation (n = 8). Different superscript letters indicate a significant difference at p < 0.05.
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Figure 2: FRAP value of P. angulata extract with different temperatures and times. Values are mean ± standard deviation (n = 8). Different superscript letters indicate a significant difference at p < 0.05.
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Figure 3: TPC level of P angulata extract with different temperatures and times. Values are mean ± standard deviation (n = 8). Different superscript letters indicate a significant difference at p < 0.05. 
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Figure 4: MDA level after treatment of P. angulata extract with different temperatures and times. Values are mean ± standard deviation (n = 8). Different superscript letters indicate a significant difference at p < 0.05. 
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Figure 5: Percentage of Brine shrimp survival against the concentration of P. angulata. Values are mean ± standard deviation (n = 8). Different superscript letters indicate a significant difference at p < 0.05.
Table 1. Quantitative determination of chlorogenic acid and rutin in Physalis angulata water extract using HPLC analysis. Chlorogenic acid and rutin contents are expressed as concentration (ppm) and percentage of compound in the extract (w/w). Values represent individual measurements and mean ± relative standard deviation (RSD).

	Sample
	Chlorogenic acid concentration (ppm)
	Average concentration of chlorogenicacid ± RSD (ppm)
	Percentage of chlorogenic acid in the sample (w/w)
	Average percentage of chlorogenic acid in the sample ±RSD (w/w)

	Water extract of P. angulata
	101.09
	103.14 ± 7.94
	0.51
	0.52 ± 7.94

	
	96.43
	
	0.48
	

	
	111.91
	
	0.56
	



	Sample
	Rutin concentration (ppm)
	Average concentration of rutin ± RSD (ppm)
	Percentage of rutin in the sample (w/w)
	Average percentage of rutin in the sample ±RSD (w/w)

	Water extract of P. angulata
	23.92
	24.31 ± 7.60
	0.12
	0.12 ± 7.60

	
	22.68
	
	0.11
	

	
	26.31
	
	0.13
	




Table 2. Comparison of rat body weights at the beginning (Day 0) and end (Day 14) of the acute toxicity assessment after treatment with P. angulata water extract. No abnormal weight loss was observed during the study period.


 Bodyweight of Day 0                                                Bodyweight of Day 14
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Table 3. Behavioral observations of rats following acute oral administration of P. angulata water extract. Transient behavioral changes, including mild hypoactivity, brief body shaking, and short periods of sleep, were observed within the first few hours post-administration. No mortality or persistent adverse effects were recorded, and all animals returned to normal activity during the subsequent observation period.


	No. of day
	Time
	Notes

	1
	15 min
	Start the treatment for rat 1 for first time (508.86mg)

	
	30 min
	Body shaking, active

	
	1 hour
	Active

	
	2 hours
	Sleep 

	
	3 hours
	Active

	
	4 hours
	Active

	2
	15 min
	Start the treatment for rat 1 for second time (3392.4mg)

	
	30 min
	Stay at one place and running

	
	1 hour
	Sleep

	
	2 hours
	Active

	
	3 hours
	Sleep

	
	4 hours
	Active 

	3
	4 hours
	Active

	4
	4 hours
	Active

	5
	4 hours
	Active and normal

	6
	4 hours
	Active and normal

	7
	4 hours
	Active and normal

	8
	4 hours
	Active and normal

	9
	4 hours
	Active and normal

	10
	4 hours
	Active and normal

	11
	4 hours
	Active and normal

	12
	4 hours
	Active and normal

	13
	4 hours
	Active and normal

	14
	4 hours
	Active and normal






DISCUSSION

The present study provides a comprehensive evaluation of the antioxidant efficacy and preliminary safety of P. angulata water extract through systematic optimization of extraction parameters, phytochemical characterization, and toxicological screening. The findings clearly demonstrate that extraction temperature and duration play a pivotal role in determining the antioxidant profile and safety characteristics of the extract.

Among the extraction conditions tested, preparation at 80 °C for 30 min consistently yielded the highest DPPH radical scavenging activity and total phenolic content. This observation is in agreement with previous studies reporting that moderate thermal treatment enhances the release of phenolic compounds by disrupting plant cell walls, while excessive heating may lead to oxidation or degradation of thermolabile antioxidants (Maghsoudlou et al., 2019). Similar trends have been reported for other medicinal plants, where extraction temperatures between 60–80 °C were found to be optimal for preserving antioxidant capacity (Antony & Farid, 2022).

The FRAP assay revealed maximal reducing power at 60–80 °C for 1 h, further supporting the role of controlled heating in enhancing electron-donating antioxidant compounds. Since FRAP predominantly reflects the reducing capacity of phenolic acids and flavonoids, the observed results suggest that these extraction conditions favor the enrichment of redox-active constituents (Olszewska et al., 2012). Differences between optimal conditions for DPPH/TPC and FRAP assays are not uncommon and can be attributed to distinct reaction mechanisms and sensitivity toward different antioxidant classes (Kiss et al., 2025).

Lipid peroxidation inhibition, assessed via the MDA assay, showed the lowest malondialdehyde levels in extracts prepared at 100 °C for 2 h. This finding suggests that higher extraction temperatures may facilitate the recovery of compounds capable of suppressing lipid oxidation, potentially through enhanced solubilization of bound phenolics. However, when interpreted alongside DPPH, FRAP, and TPC results, prolonged exposure to high temperatures appears less favorable for achieving a balanced antioxidant profile, reinforcing the importance of multi-parameter evaluation rather than reliance on a single assay (Félix et al., 2020).

Quantitative HPLC analysis identified chlorogenic acid and rutin as major phenolic constituents of the P. angulata water extract. Both compounds are widely recognized for their potent antioxidant and cytoprotective properties. Chlorogenic acid has been reported to exhibit strong free radical scavenging, metal-chelating, and lipid peroxidation inhibitory activities, while rutin is known to enhance endogenous antioxidant defense systems and stabilize reactive oxygen species (Nguyen et al., 2024). The presence of these compounds provides a robust phytochemical explanation for the antioxidant effects observed in the present study and is consistent with earlier pharmacological reports on P. angulata (Al Dhabi et al., 2015; Nguyen et al., 2024).

From a safety perspective, preliminary toxicological evaluation using the brine shrimp lethality test demonstrated that P. angulata water extract exhibited only mild toxicity, with significant lethality observed exclusively at a relatively high concentration (5 mg/mL). The brine shrimp assay is widely employed as an initial screening tool and has been shown to correlate reasonably well with mammalian toxicity profiles (Banti & Hadjikakou., 2021). The low toxicity observed at lower concentrations suggests a favorable preliminary safety margin.

Importantly, the acute oral toxicity study in rats further corroborated the safety findings. No mortality or abnormal body weight changes were observed over the 14-day study period, indicating the absence of systemic toxicity or adverse metabolic effects. Only transient behavioral changes, such as mild hypoactivity and short periods of sleep, were observed shortly after administration, and these effects resolved spontaneously without progression to severe clinical signs. Similar observations have been reported in previous studies on P. angulata, where extracts administered within reasonable dose ranges did not induce significant acute toxicity (Bastos et al., 2008). According to OECD guidelines, the absence of mortality, sustained behavioral abnormalities, and significant weight loss indicates a low risk of acute toxicity (OECD, 2001).

Taken together, the present findings suggest that P. angulata water extract, when prepared under optimized aqueous extraction conditions, exhibits strong antioxidant activity with an acceptable preliminary safety profile. Based on the brine shrimp lethality test, stable body weight, and absence of persistent behavioral toxicity in rats, P. angulata cannot be classified as acutely toxic under the conditions tested. These results support its suitability as a candidate for further development as a natural antioxidant ingredient.

However, it is important to emphasize that the current study represents an early-stage safety evaluation. While the extract appears safe for preliminary use, comprehensive subacute, subchronic, and chronic toxicity studies, as well as reproductive and genotoxicity assessments, are required before definitive conclusions regarding long-term safety and product application can be made. Nevertheless, the present data provide strong scientific justification for advancing P. angulata toward further in vivo evaluation and potential incorporation into antioxidant-based formulations.

CONCLUSION

This study demonstrated that extraction temperature and duration significantly influence the antioxidant efficacy of P. angulata water extract. Extraction at 80 °C for 30 min produced the most favorable overall antioxidant profile, as reflected by high DPPH radical scavenging activity and total phenolic content, while strong reducing power was observed at 60–80 °C for 1 h. Phytochemical analysis confirmed chlorogenic acid and rutin as major phenolic constituents, supporting the antioxidant activity observed. Preliminary toxicological evaluation indicated that the extract exhibited only mild toxicity at high concentrations. Importantly, acute oral toxicity assessment in rats showed no mortality, no abnormal body weight changes, and only transient behavioral effects that resolved spontaneously. Collectively, these findings indicate that P. angulata water extract is not acutely toxic and has strong potential as a natural antioxidant source, warranting further safety and efficacy studies.
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