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1. Introduction 

 

Oxidative stress represents a critical biological phenomenon, where an imbalance between free 

radicals and antioxidants in the body culminates in potential cellular and tissue damage. This 

ABSTRACT:  

 

This study evaluated the antioxidant and anti-

inflammatory activities of an extract mixture containing 

the Boswellia serrata and Urtica dioica methanol leaves 

extract, codenamed as M-BSUD, using various in vitro 

mechanistic models. The antioxidant capacity was 

assessed through ABTS radical decolorizing and 

Hydroxyl Radical Scavenging Activity (HRSA) assays, 

while anti-inflammatory efficacy was determined using 

RAW 264.7 macrophages exposed to LPS to measure 

cytokine production. For the ABTS assay, quercetin 

demonstrated superior antioxidant activity with the 

lowest IC50 value of 64.31 µg/mL, indicating its potent 

radical scavenging ability. Ascorbic acid and the extract 

also showed significant antioxidant properties but 

required higher concentrations to achieve similar effects, 

with IC50 values of 131.04 µg/mL and 124.87 µg/mL, 

respectively. Similar trends were observed in the HRSA 

assay, where quercetin again showed the highest 

effectiveness with an IC50 of 80.68 µg/mL, followed by 

ascorbic acid and the extract with IC50 values of 116.96 

µg/mL and 143.77 µg/mL, respectively. In the anti-

inflammatory tests, a dose-dependent decrease in the 

production of IL-1β, TNF-α, and IL-6 was observed 

across all treatment concentrations in RAW 264.7 

macrophages. The highest concentration tested (120 

µg/mL) resulted in cytokine levels approaching those of 

the untreated control, underscoring the potential anti-

inflammatory benefits of the treatments. These findings 

highlighted the robust antioxidant and anti-inflammatory 

properties of the extract mixture, M-BSUD, comparable 

to the standards showing the most promise as both an 

antioxidant and anti-inflammatory agent. This suggested 

its potential utility in therapeutic settings where oxidative 

stress and inflammation are implicated. 
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concept is intricately linked to the process of inflammation, a fundamental biological response 

to harmful stimuli, which plays a dual role both as a healing and a potentially damaging process. 

Understanding the complex relationship between oxidative stress and inflammation is pivotal 

for developing strategies to manage numerous chronic diseases. This introduction explores the 

nature of oxidative stress, its significance in the inflammatory process, and the potential 

implications for human health [1-5]. 

Oxidative stress occurs when there is an excess of reactive oxygen species (ROS) and reactive 

nitrogen species (RNS) in the body that the antioxidant defences cannot adequately neutralize. 

These reactive species are typically produced in the body as byproducts of oxygen metabolism 

and play essential roles in cell signalling and homeostasis. However, excessive ROS and RNS 

production can lead to cellular components' damage, including lipids, proteins, and DNA. The 

body's antioxidant defences include enzymatic antioxidants such as superoxide dismutase 

(SOD), catalase, and glutathione peroxidase, and non-enzymatic antioxidants such as vitamin 

C, vitamin E, and glutathione. These systems work together to mitigate the effects of excess 

free radicals, thus protecting the body from oxidative damage. The balance between oxidative 

agents and antioxidants is crucial for maintaining cellular function and integrity. Oxidative 

stress can be induced by various external and internal factors [6-9]. External sources include 

exposure to pollutants, tobacco smoke, pesticides, and radiation, which can all lead to increased 

ROS production. Internally, oxidative stress may be produced by inflammatory processes, 

mitochondrial dysfunction, excessive exercise, or ischemia-reperfusion injury. These sources 

contribute significantly to the oxidative burden that the body's cells must counteract [6, 10-13]. 

Inflammation is the body's natural response to injury or infection, characterized by redness, 

heat, swelling, pain, and loss of function. While acute inflammation is a protective mechanism 

that facilitates tissue healing and recovery, chronic inflammation can lead to various diseases, 

including atherosclerosis, asthma, arthritis, and even cancer. Oxidative stress and inflammation 

are deeply intertwined, with ROS playing a critical role in initiating and sustaining 

inflammatory pathways. ROS are known to activate nuclear factor-kappa B (NF-κB), a key 

transcription factor that regulates the expression of inflammatory cytokines, chemokines, and 

adhesion molecules. The activation of NF-κB leads to the recruitment of inflammatory cells to 

the site of injury, which in turn produces more ROS, thus perpetuating the cycle of 

inflammation and oxidative stress. Additionally, ROS can activate other signaling pathways 

such as MAPKs (mitogen-activated protein kinases), which also contribute to inflammatory 

responses. The chronic interplay between oxidative stress and inflammation is central to the 

pathogenesis of numerous diseases. For instance, in atherosclerosis, oxidative stress leads to 

the oxidation of low-density lipoprotein (LDL) in blood vessels, which triggers an 

inflammatory response, culminating in plaque formation. In diabetes, elevated blood sugar 

levels can lead to oxidative stress, which in turn promotes inflammatory processes that damage 

pancreatic cells [6, 10-14]. Similarly, in neurodegenerative diseases such as Alzheimer's and 

Parkinson's, oxidative stress is known to induce neuroinflammation, which contributes to the 

progression of disease pathology. Moreover, oxidative stress is implicated in the aging process 

and the decline in organ function seen with age. It affects the skin, cardiovascular system, eyes, 

and other organs, underscoring the need for effective antioxidant strategies to mitigate these 

effects. Given the critical role of oxidative stress in inflammation and disease, therapeutic 

strategies that target this pathway could potentially alleviate many chronic conditions. 

Antioxidants sourced from diet and supplements—like vitamins C and E, polyphenols, and 

flavonoids—have shown promise in neutralizing ROS and blunting the inflammatory response. 

Additionally, drugs that specifically target oxidative pathways or enhance the body's own 

antioxidant capacity are currently under research and development. Emerging therapies also 

include lifestyle modifications such as diet changes, physical activity, and avoiding exposure 

to oxidative stress inducers like smoking and excessive sun exposure [14-18]. These 



Sujatha Samala/ Afr.J.Bio.Sc. 6(6) (2024)                                    Page 1629 to 10 
 

 

approaches aim to enhance the body's inherent antioxidant defences and reduce the burden of 

chronic diseases associated with oxidative stress and inflammation. The relationship between 

oxidative stress and inflammation is a cornerstone of many pathological processes. 

Understanding and manipulating this relationship holds the key to developing preventive and 

therapeutic strategies for a variety of inflammatory and oxidative stress-related conditions. 

Continued research in this area remains crucial for uncovering new insights into how oxidative 

stress influences inflammation and identifying novel therapeutic targets that could lead to better 

management of chronic diseases and overall health improvement [19-21]. 

Medicinal plants have been integral to human health and wellness since ancient times, offering 

a rich source of bioactive compounds with therapeutic potential. Among their myriad benefits, 

medicinal plants play a crucial role in combating oxidative stress and inflammation, two 

processes implicated in numerous chronic diseases and age-related conditions. Understanding 

the importance and significance of medicinal plants in addressing these physiological 

challenges sheds light on their profound impact on human health and the potential avenues for 

therapeutic intervention [21, 22]. Oxidative stress arises from an imbalance between the 

production of reactive oxygen species (ROS) and the body's ability to detoxify these reactive 

molecules or repair the resulting damage. ROS, including free radicals and other oxygen-

derived species, can inflict oxidative damage to cellular structures such as lipids, proteins, and 

nucleic acids, leading to cellular dysfunction and contributing to the pathogenesis of various 

diseases, including cancer, cardiovascular disorders, neurodegenerative diseases, and aging 

processes. Medicinal plants offer a diverse array of antioxidant compounds, including 

polyphenols, flavonoids, carotenoids, and vitamins, which scavenge free radicals, inhibit 

oxidative reactions, and bolster endogenous antioxidant defences, thereby mitigating oxidative 

stress and its associated deleterious effects [22]. 

Inflammation, on the other hand, is a complex biological response mounted by the immune 

system to protect the body from harmful stimuli, including pathogens, irritants, and damaged 

cells. While acute inflammation serves a protective role in tissue repair and pathogen clearance, 

chronic inflammation can fuel the progression of various diseases, including arthritis, 

inflammatory bowel disease, cardiovascular diseases, and certain cancers. Medicinal plants 

harbor an array of anti-inflammatory constituents, such as polyphenols, alkaloids, terpenoids, 

and fatty acids, which modulate key inflammatory pathways and mediators, including 

cytokines, chemokines, and inflammatory enzymes. These bioactive compounds exert their 

anti-inflammatory effects by suppressing pro-inflammatory signaling cascades, inhibiting the 

expression of inflammatory genes, and enhancing the production of anti-inflammatory 

molecules, thereby attenuating chronic inflammation and its associated pathological 

consequences [5, 6, 14, 19]. The importance of medicinal plants in addressing oxidative stress 

and inflammation extends beyond their antioxidant and anti-inflammatory properties. Many 

phytochemicals present in medicinal plants exhibit pleiotropic effects, targeting multiple 

cellular pathways and biological processes implicated in disease pathogenesis. For instance, 

some plant-derived compounds possess anti-cancer properties by inducing apoptosis 

(programmed cell death), inhibiting angiogenesis (blood vessel formation), and suppressing 

metastasis (spread of cancer cells). Moreover, certain phytochemicals exhibit neuroprotective 

effects by enhancing neuronal survival, promoting synaptic plasticity, and mitigating 

neuroinflammation, offering promising avenues for the management of neurodegenerative 

disorders such as Alzheimer's disease and Parkinson's disease.  

Furthermore, medicinal plants represent a vast reservoir of novel bioactive compounds with 

untapped therapeutic potential, offering a source of inspiration for drug discovery and 

development. Modern pharmacological research has increasingly focused on identifying and 

characterizing bioactive compounds from medicinal plants, elucidating their mechanisms of 

action, and evaluating their efficacy and safety profiles through preclinical and clinical studies. 
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Indeed, several pharmaceutical drugs currently in clinical use or undergoing development are 

derived from natural products or inspired by natural compounds found in medicinal plants, 

underscoring the enduring significance of nature as a source of healing and innovation in 

medicine [7-10, 13].  

In assumption, medicinal plants play a pivotal role in combating oxidative stress and 

inflammation, offering a natural and sustainable approach to promoting health and combating 

disease. Their rich repertoire of bioactive compounds, encompassing antioxidants, anti-

inflammatory agents, and multifunctional phytochemicals, underscores their importance as 

invaluable resources in the quest for novel therapeutic interventions. By harnessing the 

therapeutic potential of medicinal plants, researchers and healthcare practitioners can advance 

our understanding of disease mechanisms, expand the armamentarium of treatment options, 

and ultimately improve the quality of life for individuals worldwide [7-10, 13]. Therefore, 

considering the literature review and the above facts, the present study aimed to evaluate the 

antioxidant and anti-inflammatory activities of an extract mixture containing the Boswellia 

serrata and Urtica dioica methanol leaves extract in various in vitro mechanistic models. 

 

2. Material and Methods 

 

Drugs, chemicals, and reagents 

Chemicals and reagents for the extraction process included ethanol, methanol, and distilled 

water, all of high analytical grade and obtained for Loba Chemie, Mumbai, India. For the anti-

inflammatory assays, essential reagents included enzyme-linked immunosorbent assay 

(ELISA) kits designed to measure pro-inflammatory cytokines such as TNF-α, IL-1β, and IL-

6.  In vitro cell culture studies utilized RAW 264.7 macrophage cells, with necessary culture 

media, fetal bovine serum (FBS), and antibiotics (penicillin and streptomycin). 

Lipopolysaccharide (LPS) which were employed to induce inflammation in these cells and 

were obtained from Himedia and Sigma Aldrich, India.  All drugs and chemicals were sourced 

from reputable suppliers to ensure their purity and reliability for consistent and reproducible 

results. 

Collection, authentication, and extraction of the plants 

The plants, Boswellia serrata and Urtica dioica were collected from Kullu district of Himachal 

Pradesh. Herbariums were made and both plants were authenticated by a botanist. The whole 

plants were dried in shade and made to a coarse powder in a mechanical grinder. The coarse 

powder for each plant was subjected to a cold maceration in methanol for 7 days. After 7 days 

of cold maceration, the extracts were obtained and dried in vacuum desiccator. Both the extracts 

were combined in 1:1 ratio to get the extract mixture for further evaluation. The extract mixture 

containing the Boswellia serrata and Urtica dioica extract was codenamed as M-BSUD and 

stored at -4 0 C until further use. 

Preliminary Phytochemical study 

The plant extracts were subjected to preliminary phytochemical screening to identify the 

constituent compounds that potentially contribute to the plant’s medicinal efficacy. This 

foundational step was critical for understanding the bioactive components within the extracts, 

which may play a role in modulating antioxidant and inflammatory pathways. The 

phytochemical analysis involved a series of qualitative tests to detect the presence of various 

classes of compounds. These included alkaloids, flavonoids, tannins, saponins, sterols, and 

phenolic compounds. Specific tests such as the Dragendorff test for alkaloids, the Shinoda test 

for flavonoids, and the Froth test for saponins were employed. These preliminary screenings 

were conducted using both aqueous and methanolic solvents to extract a broad spectrum of 

phytochemicals, considering that different solvents can extract different compounds [23]. The 

presence of flavonoids and phenolic acids was particularly noted due to their well-documented 
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antioxidant and anti-inflammatory properties. Overall, the phytochemical screening provided 

a comprehensive insight into the complex makeup of the extracts, setting the stage for further 

pharmacological evaluations. 

Antioxidant activity 

ABTS radical decolorization assay 

The ABTS radical decolorization assay is widely used to evaluate the antioxidant capacity of 

substances such as plant extracts [24]. This method employs ABTS (2,2'-azino-bis (3-

ethylbenzothiazoline-6-sulphonic acid)), a stable free radical, whose blue-green color 

diminishes in the presence of antioxidants. Below is a detailed procedure to carry out this assay: 

First, prepare a 7 mM ABTS stock solution in water and a 2.45 mM potassium persulfate 

solution. These two solutions should be mixed in equal volumes to form the ABTS radical 

cation solution. Allow this mixture to stand in the dark at room temperature for 12-16 hours to 

complete the radical generation. Before use, adjust the absorbance of the ABTS solution to 

about 0.70 ± 0.02 at 734 nm by diluting it with ethanol or phosphate-buffered saline (PBS). 

This step is crucial to ensure the consistency of the radical's concentration across assays. To 

assess the antioxidant capacity, mix a known volume of your test extract with the ABTS radical 

solution, typically in a 10:1 ratio of ABTS solution to extract. Allow the mixture to react for 

about 6 minutes at room temperature. Following incubation, measure the absorbance at 734 nm 

using a spectrophotometer. A decrease in absorbance is indicative of the antioxidant activity of 

the extract, as it neutralizes the ABTS radical. For quantification, it’s important to create a 

calibration curve using Trolox, a water-soluble vitamin E analogue. several concentrations of 

Trolox were prepared and ran them through the same assay conditions as your test sample. 

Plotted the inhibition percentage against Trolox concentrations to establish a standard curve. 

The antioxidant activity of the test extract can then be expressed in Trolox equivalents by 

comparing it to this curve. The percentage reduction in absorbance is calculated using the 

formula: 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 (%) =
𝐴𝑏𝑠𝐶𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑏𝑠𝑆𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙
× 100 

Hydroxyl Radical Scavenging Activity (HRSA)  

The Hydroxyl Radical Scavenging Activity (HRSA) assay is an effective method used to 

evaluate the antioxidant capacity of various substances by assessing their ability to neutralize 

hydroxyl radicals [25]. These radicals are extremely reactive and can damage essential 

biomolecules, including DNA, proteins, and lipids. To conduct this assay,  it was needed 

reagents such as ferrous sulphate and hydrogen peroxide, which reacted to produce hydroxyl 

radicals through the Fenton reaction, and salicylic acid, which served as a probe by reacting 

with hydroxyl radicals to form a coloured complex. This coloured complex was measured in 

spectroscopically. That was started by setting up the reaction mixture in a phosphate buffer 

containing ferrous sulphate and hydrogen peroxide. Added salicylic acid to this mixture to 

enable detection of hydroxyl radicals through the formation of a dihydroxybenzoic acid 

(DHBA) complex, which was detected and measured spectrophotometrically. Then introduced 

the test samples in varying concentrations to different aliquots of the reaction mixture (Extract 

mixture), along with a control sample without any test substance to establish the baseline 

radical activity. Then allowed these mixtures to incubate for about 30 minutes at room 

temperature before measuring the absorbance at around 510 nm using a spectrophotometer. To 

quantify the hydroxyl radical scavenging activity, calculated the percentage reduction in 

absorbance between the control and test samples using the formula:  

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 (%) =
𝐴𝑏𝑠𝐶𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑏𝑠𝑆𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙
× 100 
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Anti-inflammatory activity 

Anti-inflammatory activity using RAW 264.7 macrophages 

To evaluate the anti-inflammatory activity of an extract using RAW 264.7 macrophages, a 

detailed experimental setup was required [26]. Started by culturing the RAW 264.7 cells in a 

suitable medium, such as DMEM supplemented with 10% FBS, until they reached the 

necessary confluence. The cells were maintained at standard conditions, typically at 37°C in a 

5% CO2 atmosphere. Once the cells have stabilized, plate them in either 96-well or 24-well 

plates, depending on the scale of your assays, and allowed them to adhere for 24 hours. For the 

induction of inflammation, treated the cells with a non-toxic concentration of 

lipopolysaccharide (LPS), usually around 1 µg/mL. This step simulated an infection-like 

inflammatory response. Concurrently, administered various concentrations of the test extract 

mixture, prepared in appropriate dilutions. It was essential to determine these concentrations 

through preliminary cytotoxicity testing, such as an MTT assay, to ensure they were non-toxic. 

Several controls were included in this experiment: cells without any treatment, cells treated 

only with LPS, and cells treated with a known anti-inflammatory agent as a positive control. 

After treating the cells with both LPS and the extract for 24 hours, collected the supernatant 

from each well to measure inflammatory markers. Assessed nitric oxide production using the 

Griess reagent and measured cytokine levels (TNF-α, IL-6, IL-1β) using ELISA method. A 

reduction in these markers compared to the LPS-only treated cells indicated the anti-

inflammatory effectiveness of the extract mixture.  

Statistical analysis 

Each experiment was run three times, and the results were reported as the mean of the three 

analyses ± standard deviations (SD). GraphPad Prism Software (V 8.0, USA) was used to 

calculate the correlation coefficient between variables, means, standard deviations, standard 

errors, standard curve, IC 50 values, and one-way ANOVA followed by Bonferroni's post hoc 

test. GraphPad Prism Software is used to prepare figures (USA). P-values less than 0.05 were 

regarded as statistically significant. 

 

3. Results and Discussion 

 

Preliminary Phytochemical study 

The results of the phytochemical tests conducted on methanol leaves extracts of Boswellia 

serrata and Urtica dioica revealed significant variations in their chemical composition. 

Boswellia serrata demonstrates a rich presence of terpenes and steroids, as evidenced by strong 

positive reactions in Lieberman – Buchard’s and Salkwoski’s tests. This aligned with its known 

medicinal properties, particularly its anti-inflammatory effects attributed to boswellic acids. 

Additionally, the presence of carbohydrates, ketones, and glycosides suggests potential benefits 

in terms of energy metabolism and cellular signalling. Conversely, Urtica dioica displays a 

diverse profile, characterized by the presence of tannins, flavonoids, alkaloids, and 

carbohydrates. The presence of tannins and flavonoids, confirmed by positive reactions in 

chlorogenic and sodium hydroxide tests, indicates antioxidant and anti-inflammatory potential. 

However, the absence of terpenes and steroids suggests a different mechanism of action 

compared to Boswellia serrata. Overall, these findings underscored the diverse phytochemical 

compositions of Boswellia serrata and Urtica dioica, reflecting their distinct medicinal 

properties. Further research is warranted to elucidate the specific bioactive compounds 

responsible for their therapeutic effects and explore potential synergistic interactions within 

these botanicals. 
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Antioxidant activity 

ABTS radical decolorization assay 

This study assessed the antioxidant activity of an extract, ascorbic acid, and quercetin using the 

ABTS radical scavenging assay, presenting results as mean inhibition percentages ± standard 

deviation across varying concentrations (0, 50, 100, 150, 200, 250 µg/mL). Such antioxidant 

assays are crucial for identifying potential therapeutic agents that can mitigate oxidative stress 

implicated in various chronic diseases. Initially, at 0 µg/mL, no inhibition was observed for any 

substances, serving as a baseline indicating no intrinsic antioxidant activity without the 

presence of the test substances. Upon introduction of the substances, a clear dose-response 

relationship was established, which is characteristic of antioxidant assays and provides insight 

into the potency and efficacy of the substances at neutralizing free radicals. The extract 

demonstrated a moderate antioxidant capacity, starting with 20.67 ± 0.78% inhibition at 50 

µg/mL and increasing to 85.54 ± 0.89% at the highest concentration tested (250 µg/mL). This 

suggests that while the extract possesses antioxidant properties, higher concentrations are 

required to achieve substantial radical scavenging activity. Ascorbic acid, recognized for its 

potent antioxidant effects, exhibited stronger activity than the extract, beginning at 30.7 ± 

0.935% and escalating to 80.96 ± 0.65% at 250 µg/mL. The consistency and reliability of 

ascorbic acid as an antioxidant are well-documented and reflected in the results, which show 

significant activity across all tested concentrations. Quercetin displayed the highest antioxidant 

activity among the tested substances, with inhibition starting at 40.3 ± 0.47% at 50 µg/mL and 

peaking at 92.88 ± 0.99% at 250 µg/mL. The marked increase in activity, particularly between 

the concentrations of 100 µg/mL and 150 µg/mL, underscores quercetin's effectiveness at lower 

doses compared to the other substances. This suggests that quercetin could be particularly 

useful in clinical settings where effective dose management is crucial. The small standard 

deviations across the measurements underscore the assay's precision and the reproducibility of 

the results, enhancing the reliability of these findings. This study not only confirms the potent 

antioxidant capabilities of quercetin and ascorbic acid but also demonstrates the utility of the 

extract at higher doses. In summary, these results provide a robust foundation for further 

research into the therapeutic applications of these antioxidants. Quercetin, with its high efficacy 

at lower concentrations, may offer considerable benefits for dietary supplements and 

pharmaceuticals aimed at combating oxidative stress-related diseases. Meanwhile, the extract 

also shows promise but would require higher dosages or further refinement to increase its 

antioxidant potency to levels comparable with ascorbic acid and quercetin. 
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Figure 1. ABTS radical decolorization assay of the extract (M-BSUD) 
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Hydroxyl Radical Scavenging Activity (HRSA)  

The results demonstrated the Hydroxyl Radical Scavenging Activity (HRSA) of the extract 

mixture (M-BSUD), quercetin, and ascorbic acid, measured across a range of concentrations 

(50, 100, 150, 200, 250 μg/ml). Results are presented as mean percentage inhibition ± standard 

deviation (SD), reflecting the effectiveness and consistency of each substance's ability to 

neutralize hydroxyl radicals, which are highly reactive species capable of causing cellular 

damage. The results clearly indicated a dose-dependent increase in hydroxyl radical scavenging 

activity for all three substances tested. Starting at a concentration of 50 μg/ml, the extract 

showed a scavenging activity of 15.94 ± 0.59%, which steadily increases to 79.89 ± 0.98% at 

250 μg/ml. This suggests that while the extract is effective in scavenging hydroxyl radicals, 

higher concentrations are necessary to achieve more substantial antioxidant effects. Quercetin 

exhibited a higher baseline effectiveness at the lowest concentration (40.77 ± 0.58%) and 

showed the greatest increase in activity among the substances, reaching up to 93.76 ± 0.89% 

at 250 μg/ml. This high level of activity at even lower concentrations underscoreed quercetin's 

potent antioxidant properties, making it highly effective against hydroxyl radicals. Ascorbic 

acid also displayed significant scavenging activity, starting at 30.44 ± 0.87% at 50 μg/ml and 

increasing to 94.98 ± 0.99% at the highest concentration tested. This pattern reflected ascorbic 

acid’s well-known antioxidant capabilities and its reliability in neutralizing reactive oxygen 

species. The standard deviations across all concentrations for each substance were relatively 

small, indicating that the assay results were consistent, and the experimental procedures were 

reproducible. These low SD values enhanced the reliability of the findings and suggested that 

the results could be confidently used to assess the antioxidant capacity of these substances. 

This study provided robust evidence of the dose-dependent antioxidant activities of the extract 

(M-BSUD), quercetin, and ascorbic acid in scavenging hydroxyl radicals. Quercetin and 

ascorbic acid demonstrated excellent potential for therapeutic use due to their high efficacy at 

lower concentrations. The extract (M-BSUD), although less potent, still showed significant 

activity at higher concentrations. These findings highlighted the importance of these substances 

in formulations aimed at mitigating oxidative stress and suggest potential applications in 

dietary supplements and pharmaceuticals designed to enhance cellular antioxidant defence. 

Further research could explore the mechanisms through which these substances interact with 

hydroxyl radicals and assess their potential benefits in clinical settings. 
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Figure 2. Hydroxyl Radical Scavenging Activity (HRSA) of the extract (M-BSUD) 
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Table 2. IC50 values of the extract and standards 

Substance Assay Type IC50  

Value (µg/mL) 

Observations 

Extract  

(M-BSUD) 

ABTS Radical 

Decolorizing 

124.87 Moderate potency in reducing 

ABTS radical formation by 50%  
Hydroxyl 

Radical 

Scavenging 

143.77 Reduces hydroxyl radical 

formation by 50% 

Ascorbic Acid ABTS Radical 

Decolorizing 

131.04 Comparable to Extract in ABTS 

activity  
Hydroxyl 

Radical 

Scavenging 

116.96 Effective, but less than Quercetin 

in HRSA 

Quercetin ABTS Radical 

Decolorizing 

64.31 Most potent in ABTS assay, 

lowest IC50 value  
Hydroxyl 

Radical 

Scavenging 

80.68 Highly effective, lowest IC50 

among substances in HRSA 

 

Anti-inflammatory activity  

Anti-inflammatory activity using RAW 264.7 macrophages 

The results presented the anti-inflammatory activity of various concentrations of a treatment 

using RAW 264.7 macrophages, focusing on the production of pro-inflammatory cytokines IL-

1β, TNF-α, and IL-6. This setup was designed to assess the potential of the treatment to reduce 

inflammatory responses induced by lipopolysaccharide (LPS). The data clearly showed a 

concentration-dependent decrease in the levels of all three cytokines (IL-1β, TNF-α, IL-6) as 

the treatment concentration increases, indicating the efficacy of the treatment in modulating 

inflammatory responses. 

• IL-1β: Starting from a high with LPS induction at 222.56 ± 8.95 pg/mL, the level dropped 

progressively across the treatment groups to 104.43 ± 1.27 pg/mL at the highest treatment 

concentration (120 µg/mL). This demonstrated a substantial reduction, nearing the baseline 

levels observed in the control group. 

• TNF-α: Similarly, TNF-α levels showed a marked reduction from 255.79 ± 9.27 pg/mL in 

the LPS-only group to 106.36 ± 1.78 pg/mL in the highest treatment group. This cytokine, 

known for its pivotal role in driving inflammation, was significantly mitigated by the 

treatment. 

• IL-6: Reflecting the trends of the other cytokines, IL-6 decreases from 206.91 ± 8.95 pg/mL 

in the LPS group to 96.48 ± 1.75 pg/mL at the highest treatment concentration. This 

indicated effective control over this signalling molecule, which plays a crucial role in the 

acute phase response. 

The results suggested that the treatment is highly effective in reducing the production of key 

inflammatory cytokines in a dose-dependent manner. The substantial decreased in cytokine 

levels, especially at higher concentrations of the treatment, underscored its potential as an anti-

inflammatory agent. The consistency in the reduction across all three cytokines further 

supported the broad-spectrum anti-inflammatory properties of the treatment.  This study 

highlighted the potential of the tested extract (M-BSUD) to significantly mitigate inflammatory 

responses in macrophages. Given the effectiveness at higher concentrations, further research 

could focus on understanding the mechanism of action, optimizing the dosage, and evaluating 

the treatment's efficacy in vivo. These findings could contribute to the development of new 
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anti-inflammatory drugs or supplements, especially for conditions where cytokine storms or 

excessive inflammatory responses are a concern. 

 

Table 3. Anti-inflammatory activity of extract mixture (M-BSUD) in terms of levels of 

cytokines. 

Serial No. Treatment Groups IL-1β (pg/mL) TNF-α (pg/mL) IL-6 (pg/mL) 

1 Control 12.6±0.82 55.61±0.98 46.68±0.99 

2 LPS only 222.56±8.95 255.79±9.27 206.91±8.95 

3 15 µg/mL 183.12±6.57 225.74±8.58 186.57±6.58 

4 30 µg/mL  163.68±5.69 185.98±6.47 156.76±4.36 

5 60 µg/mL  134.12±4.98 166.64±5.37 136.93±2.27 

6 120 µg/mL 104.43±1.27 106.36±1.78 96.48±1.75 

 

 
Figure 3. Anti-inflammatory activity of extract mixture (M-BSUD) in terms of levels of 

cytokines in RAW 264.7 macrophages. 

 

4. Conclusions 

 

The study demonstrated that the extract mixture, M-BSUD, containing Boswellia serrata and 

Urtica dioica methanol leaves extract, exhibits potent antioxidant and anti-inflammatory 

activities. Quercetin, a known antioxidant, displayed superior radical scavenging ability, while 

the extract showed significant antioxidant properties, albeit at higher concentrations. In the 

anti-inflammatory tests, M-BSUD exhibited a dose-dependent decrease in pro-inflammatory 

cytokine production, suggesting its potential in mitigating inflammation. These results 

underscore the therapeutic potential of M-BSUD in conditions associated with oxidative stress 

and inflammation. Its effectiveness comparable to standard antioxidants and anti-inflammatory 

agents indicated promising prospects for its use in therapeutic and clinical settings. Further 

research exploring its mechanisms of action and clinical efficacy is warranted to fully exploit 
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its therapeutic benefits. Overall, M-BSUD represented a promising candidate for the 

development of novel antioxidant and anti-inflammatory therapies. 

 

5. References 

 

1. Khan, S.;  Amin, F. M.;  Fliedner, F. P.;  Christensen, C. E.;  Tolnai, D.;  Younis, S.;  

Olinger, A. C. R.;  Birgens, H.;  Daldrup-Link, H.;  Kjær, A.;  Larsson, H. B. W.;  

Lindberg, U.; Ashina, M. Investigating macrophage-mediated inflammation in migraine 

using ultrasmall superparamagnetic iron oxide-enhanced 3T magnetic resonance 

imaging. Cephalalgia. 2019, 39 (11), 1407-1420. 10.1177/0333102419848122. 

2. Tsui, C.;  Koss, K.;  Churchward, M. A.; Todd, K. G. Biomaterials and glia: Progress on 

designs to modulate neuroinflammation. Acta Biomater. 2019, 83, 13-28. 

10.1016/j.actbio.2018.11.008. 

3. Koh, R. H.;  Jin, Y.;  Kim, J.; Hwang, N. S. Inflammation-Modulating Hydrogels for 

Osteoarthritis Cartilage Tissue Engineering. Cells. 2020, 9 (2). 10.3390/cells9020419. 

4. Azeez, T. B.; Lunghar, J. Antiinflammatory effects of turmeric (Curcuma longa) and 

ginger (Zingiber officinale). Inflammation and Natural Products. 2021, 83-102. 

5. Nathan, C.; Ding, A. Nonresolving inflammation. Cell. 2010, 140 (6), 871-882. 

6. Hassan, W.;  Noreen, H.;  Rehman, S.;  Gul, S.;  Amjad Kamal, M.;  Paul Kamdem, J.;  

Zaman, B.; Bt da Rocha, J. Oxidative stress and antioxidant potential of one hundred 

medicinal plants. Current topics in medicinal chemistry. 2017, 17 (12), 1336-1370. 

7. Zafar, M. S.;  Quarta, A.;  Marradi, M.; Ragusa, A. Recent Developments in the Reduction 

of Oxidative Stress through Antioxidant Polymeric Formulations. Pharmaceutics. 2019, 

11 (10). 10.3390/pharmaceutics11100505. 

8. Kang, Q.; Yang, C. Oxidative stress and diabetic retinopathy: Molecular mechanisms, 

pathogenetic role and therapeutic implications. Redox Biology. 2020, 37, 101799. 

9. Sies, H. Oxidative stress: Concept and some practical aspects. Antioxidants. 2020, 9 (9), 

852. 

10. Pisoschi, A. M.;  Pop, A.;  Iordache, F.;  Stanca, L.;  Predoi, G.; Serban, A. I. Oxidative 

stress mitigation by antioxidants-an overview on their chemistry and influences on health 

status. European Journal of Medicinal Chemistry. 2021, 209, 112891. 

11. Wang, W.;  Song, J. R.;  Li, Z. Y.;  Zhong, T.;  Chi, Q.;  Ren, H.; Pan, W. D. Copper-

catalyzed aerobic oxidative radical alkoxycyclization of tryptamines to access 3-

alkoxypyrroloindolines. RSC Adv. 2021, 11 (29), 18080-18083. 10.1039/d1ra02679h. 

12. Barmoudeh, Z.;  Sadeghi, H.;  Gheitasi, I.;  Khalvati, B.;  Omidifar, N.;  Azizi, M.;  

Moslemi, Z.;  Nikbakht, J.; Doustimotlagh, A. H. Fluvoxamine ameliorates oxidative 

stress and inflammation induced by bile-duct ligation in male rats. Heliyon. 2022, 8 (12), 

e12344. 10.1016/j.heliyon.2022.e12344. 

13. Batty, M.;  Bennett, M. R.; Yu, E. The role of oxidative stress in atherosclerosis. Cells. 

2022, 11 (23), 3843. 

14. Schmid-Schönbein, G. W. Analysis of inflammation. Annu. Rev. Biomed. Eng. 2006, 8, 

93-151. 

15. Trejo-Hurtado, C. M.;  Landa-Moreno, C. I.;  la Cruz, J. L.;  Peña-Montes, D. J.;  

Montoya-Pérez, R.;  Salgado-Garciglia, R.;  Manzo-Avalos, S.;  Cortés-Rojo, C.;  

Monribot-Villanueva, J. L.;  Guerrero-Analco, J. A.; Saavedra-Molina, A. An Ethyl 

Acetate Extract of Eryngium carlinae Inflorescences Attenuates Oxidative Stress and 

Inflammation in the Liver of Streptozotocin-Induced Diabetic Rats. Antioxidants (Basel). 

2023, 12 (6). 10.3390/antiox12061235. 

16. Voufo, R. A.;  Kouotou, A. E.;  Tatah, N. J.;  TeTo, G.;  Gueguim, C.;  Ngondé, C. M. E.;  

Njiguet Tepa, A. G.;  Gabin, A.;  Amazia, F.;  Yembeau, N. L.;  Kouanfack, C.; Anatole, 



Sujatha Samala/ Afr.J.Bio.Sc. 6(6) (2024)                                    Page 1638 to 10 
 

 

P. C. Relation between interleukin-6 concentrations and oxidative status of HIV infected 

patients with /or at risk of Kaposi disease in Yaounde. Virol J. 2023, 20 (1), 165. 

10.1186/s12985-023-02109-9. 

17. Wang, Y.;  Cai, Z.;  Zhan, G.;  Li, X.;  Li, S.;  Wang, X.;  Li, S.; Luo, A. Caffeic Acid 

Phenethyl Ester Suppresses Oxidative Stress and Regulates M1/M2 Microglia 

Polarization via Sirt6/Nrf2 Pathway to Mitigate Cognitive Impairment in Aged Mice 

following Anesthesia and Surgery. Antioxidants (Basel). 2023, 12 (3). 

10.3390/antiox12030714. 

18. Yazdi, A.;  Shirmohammadi, K.;  Parvaneh, E.;  Entezari-Maleki, T.;  Hosseini, S. K.;  

Ranjbar, A.; Mehrpooya, M. Effects of coenzyme Q10 supplementation on oxidative 

stress biomarkers following reperfusion in STEMI patients undergoing primary 

percutaneous coronary intervention. J Cardiovasc Thorac Res. 2023, 15 (4), 250-261. 

10.34172/jcvtr.2023.31817. 

19. Federico, A.;  Morgillo, F.;  Tuccillo, C.;  Ciardiello, F.; Loguercio, C. Chronic 

inflammation and oxidative stress in human carcinogenesis. International journal of 

cancer. 2007, 121 (11), 2381-2386. 

20. Chaudhari, N.;  Talwar, P.;  Parimisetty, A.;  Lefebvre d’Hellencourt, C.; Ravanan, P. A 

molecular web: endoplasmic reticulum stress, inflammation, and oxidative stress. 

Frontiers in cellular neuroscience. 2014, 8, 213. 

21. Kakoti, B. B.;  Hernandez-Ontiveros, D. G.;  Kataki, M. S.;  Shah, K.;  Pathak, Y.; 

Panguluri, S. K. Resveratrol and omega-3 fatty acid: its implications in cardiovascular 

diseases. Frontiers in Cardiovascular Medicine. 2015, 2, 38. 

22. Kataki, M. S.;  Kakoti, B. B.;  Bhuyan, B.;  Rajkumari, A.; Rajak, P. Garden rue inhibits 

the arachidonic acid pathway, scavenges free radicals, and elevates FRAP: role in 

inflammation. Chinese Journal of Natural Medicines. 2014, 12 (3), 172-179. 

https://doi.org/10.1016/S1875-5364(14)60029-7. 

23. Harborne, A. J., Phytochemical methods a guide to modern techniques of plant analysis. 

springer science & business media: 1998. 

24. Re, R.;  Pellegrini, N.;  Proteggente, A.;  Pannala, A.;  Yang, M.; Rice-Evans, C. 

Antioxidant activity applying an improved ABTS radical cation decolorization assay. 

Free radical biology and medicine. 1999, 26 (9-10), 1231-1237. 

25. Tijani, A. A.;  Adekomi, D. A.; Adewole, S. O. In vitro and in vivo determination of 

hydroxyl radical scavenging activity (HRSA) of fractions of aqueous extract of Moringa 

oleifera leaves (AEMOL). Eurasian J Med Oncol. 2018, 2 (4), 209-216. 

26. Cherng, S.-C.;  Cheng, S.-N.;  Tarn, A.; Chou, T.-C. Anti-inflammatory activity of c-

phycocyanin in lipopolysaccharide-stimulated RAW 264.7 macrophages. Life sciences. 

2007, 81 (19-20), 1431-1435. 

 

https://doi.org/10.1016/S1875-5364(14)60029-7

