[bookmark: _Hlk209732163]Original Research Article
Comparative In Vitro Evaluation of Antioxidant Properties of Tinospora cordifolia Extracts, Fractions, and Berberine



        Abstract

Background
Tinospora cordifolia is a well-known medicinal plant in traditional Indian medicine, valued for its rich phytochemical composition. Among its therapeutic properties, its antioxidant potential has gained attention for possible health and medicinal applications.
Methods
The study evaluated the antioxidant capacity of methanolic stem extracts of T. cordifolia and its bioactive compound, berberine. Five standard in vitro assays were employed: DPPH, hydroxyl radical, nitric oxide, superoxide scavenging, and ferric reducing antioxidant power. The activity of methanol extracts was compared with fractions prepared using chloroform, dichloromethane, and hexane.
Results
The methanol extract demonstrated significantly higher antioxidant activity than the other fractions, with activity increasing in a concentration-dependent manner (0.02–0.1 mg/mL). The antioxidant effect of the methanol extract was comparable to that of isolated berberine, indicating that both possess strong free radical scavenging properties.
Conclusion
The findings confirm that T. cordifolia stems are a rich source of antioxidant phytochemicals. Both the methanolic extract and berberine show potential as natural antioxidant agents, supporting their possible use in medicinal formulations.
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INTRODUCTION

Reactive oxygen species (ROS) are natural by-products of oxygen metabolism. ROS, as signalling molecules, have the ability to regulate a variety of physiological processes within the body [1]. However, excessive ROS levels may provoke oxidative stress (OS), interrupting the healing cascade and contributing to persistent wounds, inflammation, and delayed tissue repair [2]. Antioxidants are compounds that can neutralise free radicals by receiving or donating electron(s) to eradicate the radical state [3]. These molecules can be natural or synthetic substances, although synthetics are not favoured because they have a high risk of generating unfavourable and harmful consequences in the body [4]. Antioxidants use a variety of routes to target ROS and reduce oxidative stress. Functional dietary components can boost the natural antioxidant defence system by scavenging reactive oxygen species, preventing and repairing DNA damage, and regulating signal transduction pathways and gene expression [5].

 Plants have traditionally acted as a reservoir of bioactive chemicals used in traditional medicine throughout civilisations. The variety of bioactive substances found in plant sources has kept scientists interested in their possible therapeutic applications [6]. To effectively analyse the antioxidant potential of plant extracts, a varied range of assays must be used in conjunction with a comprehensive approach to activity assessment. Total phenolic compound content (TPC) and ferric reducing antioxidant power (FRAP) assays are two commonly used cell-free methods for determining the antioxidant capability of plant extracts [7].
According to the World Health Organisation (WHO), up to 80% of the global population relies on traditional botanical materials or herbal treatments to meet their medical needs [8]. Tinospora cordifolia (L.), sometimes known as Giloy, is a perennial shrubby creeper from the Menispermaceae family, and is one of the important medicinal plants, having multiple benefits. This plant’s drug is useful for the treatment of fever, jaundice, diabetes, dyspepsia, skin disease, chronic diarrhea, and dysentery, etc. This plant also possesses anti-inflammatory, anti-stress, anti-neoplastic, anti-periodic, anti-arthritic, anti-oxidant, anti-spasmodic, anti-allergic, anti-leprotic, hepatoprotective, immunomodulatory, anti-malarial, and anti-diabetic activities. The stem’s starch is rich in nutrition and highly digestible. It is native to tropical regions such as Africa, Australia, India, Myanmar, Sri Lanka, and Southeast Asia. T. cordifolia is also known as Amrtia, China, Gudchi, in Hindi, and heart-leaved moonseed, Gilo in English [9]. These plants are valued for their capacity to combat oxidative stress via electron donation, which is a key property of antioxidants. However, simply assessing their antioxidant efficacy is insufficient to have a comprehensive understanding of their antioxidative capabilities [10].
Despite the notable potential of plant-based reagents and extracts to counteract oxidative stress and its adverse health effects, a substantial proportion of edible plant species remain underexplored. This suggests a significant reservoir of antioxidant-rich compounds that have yet to be thoroughly investigated and utilized for their potential therapeutic applications [11]. As the scientific community continues to grapple with the challenges posed by oxidative stress-related disorders, a deeper understanding of the bioactive components in Tinospora cordifolia could pave the way for novel therapeutic strategies [12]. 
In this study, the methanol extract, its solvent fractions (hexane, dichloromethane, and chloroform), and the berberine that was separated from the stem of T. cordifolia are examined for their in vitro antioxidant activities. Antioxidant potential is assessed using radical scavenging assays, including ferric reducing antioxidant power (FRAP), hydroxyl radical inhibition, superoxide, nitric oxide, and DPPH. The goal of this comparative investigation is to find strong natural antioxidants that can be developed further as nutraceuticals or medicinal agents.
                MATERIALS AND METHODS

                 Plant collection

The stems of T. cordifolia were collected from the Herbal Garden School of Organic Farming, Punjab Agricultural University, Ludhiana, Punjab, India (latitude 30.900965, longitude 75.857277 GPS coordinates of 30°54’3.4740” N and 75°51’26.1972” E). The plant samples were authenticated by the Department of Botany, PAU, Ludhiana. The stems were shade-dried for three weeks. After complete drying, the samples were ground well into powder using an HG1100 mortar grinder. The powdered sample was stored in airtight containers until further analysis.
             Preparation of methanol extract and its fractionation
After adding 30 g of the stem powder to the thimble, the Soxhlet equipment was used to extract the material. The solvent was 250 ml of methanol. To achieve full extraction, the Soxhlet mixture was run for 14 hours. A rotating vacuum evaporator set at 40°C was used to filter and concentrate the extracted solvent. The concentrated methanol extract was then kept in a refrigerator at 4°C until it could be examined further. To get a good amount of extract, several batches of Soxhlet were run. Furthermore, liquid-liquid partition chromatography was used to fractionate the methanol extract. After dissolving the methanol extract (5.0 g) in 10.0 ml of methanol, it was separated using a separatory funnel and subsequently separated with hexane, dichloromethane, and chloroform. After being concentrated by rotary vacuum evaporation, the recovered fractions were kept in a refrigerator at 4°C until additional examination.

                                                   
                                                                                     







                                                                                                                                                                                                                            

Chart 1 - Scheme representation of fractionation of the methanol extract of T. cordifolia stem
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In vitro antioxidant activity assays
Five distinct in vitro models involving 2, 2-diphenyl-1-picrylhydrazyl (DPPH), hydroxyl (OH), nitric oxide (NO), and superoxide (O2) radical scavenging techniques as well as a ferric reducing antioxidant power (FRAP) assay were used to assess the antioxidant potential of the methanol extract, its fractions, and the isolated compounds of T. cordifolia stems at concentrations ranging from 0.02 to 0.1 mg ml-1. The results were presented in terms of IC50 values, and the percentage inhibition was computed. The outcomes were contrasted with those derived using ascorbic acid as a reference.


DPPH free radical scavenging method
[bookmark: _Hlk208093411]2, 2-Diphenyl-1-picryhydrazyl radical scavenging was estimated by the method of Liyana et al [13]. The antioxidant effect was proportional to the disappearance of DPPH in the test samples. DPPH solution (1 ml) was added to various concentrations of solution, the reaction mixture was incubated for 30 minutes in a dark room, and the absorbance was recorded at 517 nm. The percentage inhibition was calculated via the following formula:


                                                                                               
10mg of DPPH+ 100ml of methanol



1ml of DPPH solution + various concentrations (20 – 100 μgml-1) of methanol extract solution

Shake, Incubation for 30 minutes in dark room




Absorbance read at 517 nm


Chart 2 DPPH free radical scavenging method

Hydroxyl radical scavenging method
The deoxyribose degradation method of Halliwell et al [14] was used to examine the hydroxyl radical scavenging activity. Ferric chloride (1 mM), EDTA (1 mM), deoxyribose (28 mM), hydrogen peroxide (1 mM), ascorbic acid (1 mM), and phosphate buffer (20 mM) to various concentrations of extract/fraction/compound and incubated for 1 hour at 30°C. After this, 3 ml of thiobarbituric acid (0.67%) was added, and the mixture was kept in hot water for 1 hour. The absorbance at 532 nm was recorded against a blank. The percentage inhibition was calculated by using the formula as follows:


Percentage inhibition(%) =

Absorbance of control − Absorbance of sample Absorbance of control	x 100




Ferric chloride (1mM) + EDTA (1mM) + Deoxyribose (28mM) + Hydrogen peroxide (1mM)

Ascorbic acid (1mM) + Phosphate buffer (20mM) +various concentrations (20 – 100μgml-1)




Final volume of 1ml was made



Incubated for 1 hr at 30°C



Add 3 ml thiobarbituric acid (0.67%) to each tube



Kept in boiling water for 1 hr




Absorbance read at 532 nm


Chart 3  Hydroxyl radical scavenging method


Nitric oxide scavenging method



The nitric oxide radical scavenging activity was estimated via the method given by Green et al [15]. Sodium nitroprusside (0.5 ml) and phosphate-buffered saline (0.5 ml) were added to 0.5 ml of extract/fraction/compound and incubated at 30°C for 2.5 hours. Gries reagent (1 ml) was added, and the absorbance was measured at 548nm against a blank. The percentage inhibition was calculated via the following formula:
Absorbance of control − Absorbance of sample

Percentage inhibition(%) =

Absorbance of control	x 100












Chart 4  Nitric oxide scavenging method



0.5 ml of various concentrations + 0.5 ml of sodium nitroprusside+ 0.5ml of phosphate buffer saline

Incubated at 30°C for 2.5 hrs
Add 1 ml of Gries reagent




                                                                                                                            Make final volume of 3 ml with distilled water

                                                                                                                                      

                                                              Absorbance read at 548 nm










Superoxide radical scavenging method
The nitroblue tetrazolium (NBT) reduction method of McCord et al [16] was used to determine superoxide scavenging ability. The superoxide radicals are generated by the photoreduction of riboflavin. EDTA (0.1ml), riboflavin (0.1ml), and nitroblue tetrazolium (0.1 ml) were added to various concentrations of test samples, and a final volume of 3 ml was made. The tubes were uniformly illuminated with an incandescent lamp for 15 minutes, and the absorbance was recorded at 530 nm against a blank. The percentage inhibition of superoxide generation was measured via the following formula:


Percentage inhibition(%) =

Absorbance of control − Absorbance of sample Absorbance of control	x 100


0.1mlEDTA+ +0.1ml Riboflavin+0.1 ml nitrobluetetrazolium+ various concentrations (20–100μgml-1)

The tubes uniformly illuminated with incandescent lamp for 15 minutes
Make final volume of 3 ml
Absorbance measured at 530 nm



Chart 5  Superoxide radical scavenging method


Ferric reducing antioxidant power (FRAP assay):
The ferric reducing radical power was determined as described by Benzie et al [17]. Ferrous sulfate was used to plot a standard curve of Fe2+ions. The tested components (0.2 ml) were mixed with freshly prepared FRAP solution (2.8 ml) and kept in the dark for 30 min till completion of the reaction. Readings of the colored product (ferrous tripyridyltriazine complex) were recorded at 593 nm. The results are expressed in terms of μg Fe (II)/g dry mass.

Temperature of solution was raised to 37°C
Add FRAP solution (2.8 ml)
10 mM TPTZ in 40 mMHCl+ 20 mM hydrated FeCl3 + 300 mM acetate buffer


Place the solution in dark for 30 min


Take reading at 593 nm

Chart 6   Ferric reducing antioxidant power (FRAP assay)
Statistical analysis
The replication data was used to compute the mean and standard deviation. CPCS1 software was used to run a two-way ANOVA to the data. Using SPSS software, the Tukey multiple range test was also used to compare the test components, with a five percent significance threshold.
Results
A variety of in vitro models, including 2, 2-diphenyl-1-picrylhydrazil (DPPH), hydroxyl (OH), nitric oxide (NO), superoxide (O2) radical scavenging method, and ferric reducing antioxidant power assay (FRAP) at different concentrations, are used in this study to assess the antioxidant potential of methanol extract of stem by Soxhlet method and its various fractions. After calculating the percentage inhibition, the results were presented in terms of IC50 values, or the inhibitory concentration at which 50% of free radicals were inhibited. As a reference standard, ascorbic acid was employed to compare the results.

DPPH free radical scavenging activity
The antioxidant activity of methanol extract, fractions, plus isolated berberine was evaluated using the DPPH radical scavenging assay. All tested samples showed a concentration- dependent increase in DPPH scavenging activity (Table 1). The methanol extract along with dichloromethane fraction exhibited statistically similar mean values (p<0.05) and comparable

scavenging potential. Among all tested components, ascorbic acid demonstrated a highest antioxidant activity. The IC₅₀ values were 0.053 mg/mL considering methanol extract, 0.059 mg/mL considering dichloromethane fraction, 0.062 mg/mL for chloroform fraction, 0.067 mg/mL for hexane fraction, plus 0.050 mg/mL for isolated berberine. Ascorbic acid showed the lowest IC₅₀ value (0.012 mg/mL), indicating the strongest activity.
                                                                          
                 Hydroxyl radical scavenging activity
The methanol extract, its fractions, and pure berberine were found to have concentration- dependent hydroxyl radical scavenging activity (Table 2). The methanol extract (0.052 mg/mL), dichloromethane fraction (0.053 mg/mL), chloroform fraction (0.068 mg/mL), and hexane fraction (0.074 mg/mL) were the next most active samples among the tested ones. Berberine had the highest activity (IC₅₀ = 0.049 mg/mL). The standard, ascorbic acid, has the strongest antioxidant capability and the lowest IC₅₀ value (0.012 mg/mL).
Nitric oxide radical scavenging activity
The methanol extract, its fractions, and the pure berberine were tested for nitric oxide radical scavenging efficacy (Table 3). The maximum activity was exhibited by berberine (IC₅₀ = 0.056 mg/mL), which was followed by hexane fraction (0.068 mg/mL), dichloromethane fraction (0.058 mg/mL), methanol extract (0.057 mg/mL), and chloroform fraction (0.061 mg/mL). The activity of the dichloromethane and chloroform fractions was statistically comparable. The reference, ascorbic acid, had the highest antioxidant action with the lowest IC₅₀ value (0.012 mg/mL).

Superoxide radical scavenging activity
It was determined that the methanol extract, its fractions, and the purified berberine have the ability to scavenge superoxide radicals (Table 4). There was concentration-dependent action in every examined sample. The methanol extract (0.054 mg/mL), dichloromethane fraction (0.057 mg/mL), chloroform fraction (0.062 mg/mL), and hexane fraction (0.069 mg/mL) were the next most active substances, with berberine exhibiting the highest activity (IC₅₀ = 0.048 mg/mL). Activity was lowest in the hexane fraction. The mean values of all extracts and fractions were significantly different (p<0.05) from ascorbic acid, which continued to be the most effective reference antioxidant.
                                                                           

Ferric reducing antioxidant power (FRAP)
The antioxidant potential of the methanol extract, its fractions, and isolated berberine was assessed using the ferric reducing antioxidant power (FRAP) assay (Table 5). The reducing power increased in all samples in a concentration-dependent manner. With a FRAP value of
84.95 µg Fe(II)/g at 0.1 mg/mL, berberine had the highest value, followed by 78.37, 65.33, 56.38, and 32.57 µg Fe(II)/g at lower doses. Strong activity was also shown by the methanol extract, which at 0.1 mg/mL had a maximum value of 80.38 µg Fe(II)/g. At the same concentration, the FRAP values for the dichloromethane, chloroform, and hexane fractions were 75.97, 72.65, and 70.47 µg Fe(II)/g, respectively.
DISCUSSION

DPPH free radical scavenging activity
The DPPH assay, which shows hydrogen atom donation when purple DPPH turns yellow, is frequently used to assess an antioxidant's capacity to scavenge free radicals. According to Upadhyay et al [18], the methanol extract in this investigation showed greater antioxidant activity than other fractions, most likely as a result of its increased phenolic content. Methanol extracts of Tinospora cordifolia formulations showed higher antioxidant capacity than non- polar fractions in previous investigations, which showed similar patterns [19]. Strong DPPH scavenging activity was similarly reported by Naika et al [20] in methanol extracts of T. cordifolia stems, with IC₅₀ values ranging from 5 to 250 µg/mL. Our findings indicate that both the methanol extract and the dichloromethane fraction include bioactive chemicals that are effective at scavenging radicals, as evidenced by their comparable activity. The isolated berberine's IC₅₀ value was likewise near to the methanol extract's, suggesting that it significantly increased overall activity. Jain et al [21] discovered that berberine and methanol extracts had nearly the same antioxidant properties in several radical models, including DPPH. According to earlier research, ethanol and methanol extracts often perform better in DPPH experiments than chloroform, hexane, and water extracts because they are more polar and the phenolic antioxidants are more soluble [22-23].  Ascorbic acid continued to be the most powerful reference antioxidant, even though other samples showed good activity overall.



Hydroxyl radical scavenging activity
One of the most reactive oxygen species, hydroxyl radicals can cause lipid peroxidation, harm cellular constituents, and aggravate inflammatory tissue damage. All of the extracts, fractions, and purified berberine in this investigation demonstrated hydroxyl radical scavenging activity that was dependent on concentration. The hexane fraction had the lowest activity, while berberine had the highest (IC₅₀ = 0.049 mg/mL), closely followed by the methanol extract (0.052 mg/mL) and dichloromethane fraction (0.053 mg/mL). Among all plant-derived samples, ascorbic acid had the lowest IC₅₀ (0.012 mg/mL), making it the most powerful.
Berberine and the methanol extract's higher quantities of phenolic and tannin chemicals, which are well-known for their potent ability to scavenge radicals, are responsible for their greater action. Praveen et al [24] showed strong hydroxyl radical scavenging activity in T. cordifolia stem extracts, which is in line with our findings. Similarly, Premanath et al [23] found that ethanol and methanol extracts of giloy leaves were more active than extracts made with water, hexane, and chloroform. This was probably because polar solvents contain larger concentrations of antioxidant phytochemicals. All samples showed notable action overall, but the regular ascorbic acid continued to be far more effective.

Nitric oxide radical scavenging activity
A crucial signaling molecule in biological systems, nitric oxide (NO) can cause oxidative stress, inflammation, and tissue damage if it is produced in excess. The nitric oxide scavenging assay uses the Griess reagent to detect nitrite, which is produced when radicals from sodium nitroprusside react with oxygen. Every extract, fraction, and berberine in this study had the ability to scavenge nitric oxide; however, the plant-derived materials with the highest activity were methanol extract (0.057 mg/mL) and berberine (IC₅₀ = 0.056 mg/mL). While the hexane fraction was the least effective, the dichloromethane and chloroform fractions displayed considerable and statistically equivalent activity. With a much lower IC₅₀ value (0.012 mg/mL) than any other sample, ascorbic acid showed the biggest effect.
The increased concentration of phenolic and alkaloid chemicals in berberine and methanol extract, which are known to efficiently squelch nitric oxide radicals, may be the cause of their enhanced activity. These outcomes concur with those of Jain et al [21], who found that T. cordifolia stem methanol extracts exhibited more nitric oxide scavenging activity than less
polar extracts. The importance of solvent polarity in the extraction of bioactive chemicals was further highlighted by Polu et al [25], who discovered that polar fractions like n-butanol had greater antioxidant potential than non-polar fractions like petroleum ether. Ascorbic acid continued to be the most effective reference antioxidant, despite the fact that all samples displayed noteworthy activity.

Superoxide radical scavenging activity
One of the main causes of oxidative stress in biological systems, superoxide radicals are produced in vitro by photoreducing riboflavin and have the ability to damage proteins, DNA, and lipids. All of the extracts, fractions, and berberine in this investigation exhibited superoxide radical scavenging activity; the methanol extract came in second with 0.054 mg/mL and berberine with the highest potency (IC₅₀ = 0.048 mg/mL). The hexane fraction was the least effective (0.069 mg/mL), whereas the dichloromethane (0.057 mg/mL) and chloroform (0.062 mg/mL) fractions showed moderate activity. The standard ascorbic acid exhibited much higher activity than any sample generated from plants.
The greater phenolic content of the methanol extract and berberine contributes to their potent performance by improving their capacity to neutralize reactive oxygen species. These results are in line with those of Premanath et al [23], who found that in comparison to chloroform, hexane, and water extracts, ethanol and methanol extracts exhibited a higher capacity to scavenge superoxide, with activity being closely associated with total phenolic content. The relevance of solvent polarity in extracting phenolic-rich, antioxidant-active elements was confirmed by our results, which also demonstrated that the methanol extract performed better than less polar fractions.

Ferric reducing antioxidant power (FRAP)
Higher FRAP values indicate more reducing power. The FRAP assay measures the ability of antioxidants to reduce the ferric–TPTZ complex to its ferrous form in order to assess their electron-donating capability. Berberine had the highest value (84.95 µg Fe(II)/g at 0.1 mg/mL), followed closely by the methanol extract (80.38 µg Fe(II)/g). All tested substances in this study demonstrated concentration-dependent activity. The hexane fraction was the least active, whereas the dichloromethane, chloroform, and hexane fractions all showed considerable reducing abilities.
Both berberine and methanol extract have a higher polyphenol content, which increases their electron-donating potential; they have a considerable reducing capability. According to earlier research by Diplock et al [26], methanol and ethyl acetate extracts demonstrated higher FRAP values than less polar solvents like hexane, chloroform, and water. These results are consistent with those findings. The significant contribution of plant phenolics to antioxidant activity is confirmed by the study's FRAP values and polyphenol content, which clearly show a positive association. Additionally, the significance of solvent polarity in efficiently extracting bioactive chemicals with strong reducing potential is highlighted by its influence.

The main components of natural herbs that contribute to their antioxidant activity are their aromatic compounds and high concentrations of flavonoids and phenols, which can scavenge reactive species or boost antioxidant enzymes to prevent diseases caused by free radicals. While none of the examined extracts, fractions, or berberine in this study exceeded the recommended level of ascorbic acid, they all showed significant antioxidant activity. Because of its greater concentration of alkaloids, flavonoids, and phenolics, the methanol extract continuously demonstrated the highest activity among the plant-derived materials in all assays, including DPPH, hydroxyl, nitric oxide, superoxide, and FRAP. Its performance was on par with that of berberine that had been separated, suggesting that berberine played a significant role in the extract's activity. Previous research has shown that isolated substances can have antioxidant activity that is on par with or higher than that of crude extracts, which supports this discovery [27]. The fraction of hexane was the least active, but the fractions of dichloromethane and chloroform demonstrated significant antioxidant capability. These findings are consistent with previous research showing that polar extracts, like methanol, have higher activity than non-polar solvents because they capture bioactive chemicals more effectively.

CONCLUSION
The ability of polyphenolic compounds to donate protons is a crucial factor in determining antioxidant capability. All extracts and fractions in this investigation showed a rise in antioxidant activity with concentration, reaching their maximal activity at the highest evaluated values. The methanol extract and isolated berberine had the highest antioxidant potential among the samples, while the non-polar hexane fraction had the lowest activity. In all five antioxidant models, the performance of the methanol extract was almost identical to that of berberine. These results imply that berberine and methanol extract are promising natural antioxidants that may be used to prevent or delay degenerative diseases linked to aging and oxidative stress. Their potent action further suggests that they could be used as safe and efficient antioxidants to prevent oxidative degradation in the food sector.
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Fig. 1 Inhibition effects of the methanol extract, fractions and isolated berberine T. cordifolia stem in DPPH free radical scavenging method.
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Fig. 2 Inhibition effects of the methanol extract, fractions and isolated berberine T. cordifolia stem in hydroxyl radical scavenging method.                          
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Fig. 3 Inhibition effects of the methanol extract, fractions, and isolated berberine of T. cordifolia stem in nitric oxide radical 
scavenging method.              
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Fig. 4 Inhibition effects of the methanol extract, fractions and isolated berberine of T. cordifolia stem in superoxide radical scavenging method.
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Fig. 5. Reducing power of the methanol extract, fractions and isolated berberine of T. cordifolia stem.
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Table 1 DPPH free radical scavenging activity of various tested components.

	Components
	Average percentage inhibition at different concentrations (mg mL-1)

	
	0.02
	0.04
	0.06
	0.08
	0.1
	Mean
	IC50

	Methanol extract
	32.38±0.43
	46.72±0.12
	58.68±1.00
	64.22±0.96
	74.28±0.38
	55.25c
	0.053

	Hexane fraction
	21.37±0.29
	32.87±0.54
	46.85±1.67
	58.47±0.47
	71.54±1.87
	46.22e
	0.067

	Dichloromethane fraction
	30.54±0.32
	42.63±0.58
	51.78±0.33
	69.58±0.93
	79.48±0.33
	54.64c
	0.059

	Chloroform fraction
	26.59±0.57
	37.28±1.87
	49.36±0.42
	64.25±1.16
	74.68±0.68
	50.43d
	0.062

	Berberine
	35.78±0.26
	48.56±0.35
	57.37±0.40
	73.47±0.71
	84.53±1.02
	59.94b
	0.050

	Ascorbic acid
	68.84±0.27
	75.58±1.25
	84.33±0.23
	90.47±1.68
	95.22±0.51
	82.88a
	0.012


[bookmark: _Hlk208400941]The experiments were performed in triplicate, and the data are expressed as the means ± SDs. All the mean values are significantly different (p > 0.05) according to the Tukey multiple range test. The IC50 represents the concentration (mg mL-1) for 50% inhibition.

Table 2: Hydroxyl radical scavenging activity of various tested components.
	Components
	Average percentage inhibition at different concentrations (mg mL-1)

	
	0.02
	0.04
	0.06
	0.08
	0.1
	Mean
	IC50

	Methanol extract
	29.67±0.25
	46.87±0.34
	55.37±0.56
	74.48±0.42
	86.28±1.05
	58.53c
	0.052

	Hexane fraction
	20.69±0.37
	41.79±0.65
	44.63±0.28
	69.36±0.43
	78.36±0.36
	50.96f
	0.074

	Dichloromethane fraction
	26.47±0.53
	44.38±0.55
	56.74±0.61
	72.49±0.48
	83.59±0.34
	56.73d
	0.053

	Chloroform fraction
	27.84±0.98
	44.79±0.39
	46.58±0.29
	72.59±0.33
	81.49±0.27
	54.65e
	0.068

	Berberine
	34.56±1.06
	49.67±0.58
	59.43±0.33
	76.45±0.34
	87.65±0.47
	61.55b
	0.049

	Ascorbic acid (standard)
	64.89±1.02
	72.46±0.43
	82.28±0.33
	88.39±0.49
	93.58±0.38
	80.32a
	0.012



  












The experiments were performed in triplicate, and the data are expressed as means ± SDs.  All the mean values are significantly different (p > 0.05) according to the Tukey multiple range test. The IC50 represents the concentration (mg mL-1) for 50% inhibition.







Table 3 Nitric oxide radical scavenging activity of various tested components.

	Components
	Average percentage inhibition at different concentrations (mg mL-1)

	
	0.02
	0.04
	0.06
	0.08
	0.1
	Mean
	IC50

	Methanol extract
	27.56±0.27
	45.87±0.22
	53.56±0.28
	69.31±0.45
	80.27±0.64
	55.31c
	0.057

	Hexane fraction
	19.94±0.39
	36.78±0.53
	45.63±0.48
	58.39±1.54
	72.59±0.42
	46.66e
	0.068

	Dichloromethane fraction
	24.78±0.48
	43.74±1.05
	52.69±0.22
	65.48±0.31
	76.36±1.09
	52.61d
	0.058

	Chloroform fraction
	24.79±0.67
	40.78±0.99
	49.53±1.25
	64.74±0.56
	78.59±0.58
	51.68d
	0.061

	Berberine
	32.49±0.54
	47.68±0.42
	54.67±1.04
	72.46±0.22
	84.52±1.08
	58.36b
	0.056

	Ascorbic acid
	65.75±0.53
	76.59±0.94
	84.76±0.52
	87.58±0.49
	93.79±0.55
	81.69a
	0.012


The IC50 represents the concentration (mg mL-1) for 50% inhibition. The experiments were performed in triplicate and expressed as means ± SDs. All the mean values are significantly different (p > 0.05) according to the Tukey multiple range test.
   
Table 4: Superoxide radical scavenging activity of various tested components.

	Components
	Average percentage inhibition at different concentrations (mg mL-1)

	
	0.02
	0.04
	0.06
	0.08
	0.1
	Mean
	IC50

	Methanol extract
	25.47±0.37
	45.65±0.56
	56.67±0.59
	67.56±0.56
	74.45±0.44
	54.96b
	0.054

	Hexane fraction
	19.78±0.99
	40.66±0.37
	45.38±0.56
	57.21±0.79
	64.36±0.47
	45.47e
	0.069

	Dichloromethane fraction
	23.52±0.49
	43.65±0.99
	53.94±0.78
	64.53±0.94
	72.38±0.43
	51.60c
	0.057

	Chloroform fraction
	21.55±0.44
	42.89±1.06
	48.75±0.74
	59.48±0.65
	67.84±1.05
	48.10d
	0.062

	Berberine
	29.67±0.55
	48.37±0.84
	54.75±0.69
	68.49±0.48
	76.98±0.65
	55.65b
	0.048

	Ascorbic acid
	67.32±0.45
	78.94±0.14
	86.27±0.27
	89.54±1.14
	94.37±0.78
	83.28a
	0.012


The IC50 represents the concentration (mg mL-1) for 50% inhibition. The experiments were performed in triplicate, and the data are expressed as mean ± SD. All the mean values are significantly different (p> 0.05) according to the Tukey multiple range test.
Table 5: Ferric reducing antioxidant activity of various tested components.

	Components
	Average percentage inhibition at different concentrations (mg mL-1)

	
	0.02
	0.04
	0.06
	0.08
	0.1
	Mean

	Methanol extract
	30.46±0.56
	54.38±0.54
	64.76±0.70
	73.54±1.41
	80.38±0.49
	60.70b

	Hexane fraction
	21.77±0.78
	39.58±0.54
	43.69±0.33
	52.55±1.47
	70.47±0.43
	45.61e

	Dichloromethane fraction
	26.44±0.94
	44.38±0.56
	56.43±0.54
	67.64±1.69
	75.97±1.13
	54.17c

	Chloroform fraction
	25.85±0.57
	43.62±0.98
	50.28±0.74
	65.37±0.38
	72.65±0.55
	51.55d

	Berberine
	32.57±0.54
	56.38±0.43
	65.33±0.55
	78.37±0.48
	84.95±1.68
	63.52a


  The IC50 represents the concentration (mg mL-1) for 50% inhibition. The experiments were performed in triplicate and expressed as means ± SDs. All the mean values are significantly different (p > 0.05) according to the Tukey multiple range test.
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