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ABSTRACT

This study aimed to evaluate the antioxidant and anti-inflammatory activities of Boswellia serrata leaf extract using
various in vitro mechanistic models. Building on its traditional use in managing inflammatory and oxidative stress-
related disorders, Boswellia serrata has gained attention for its potential therapeutic benefits, largely attributed to its
bioactive components, such as boswellic acids. The research employed several in vitro assays to assess the extract's
ability to neutralize reactive oxygen species (ROS) and modulate the production of key pro-inflammatory cytokines,
including IL-1B, TNF-a, and IL-6. Results demonstrated that the extract exhibits significant antioxidant activity,
particularly at higher concentrations, effectively scavenging free radicals. Additionally, the extract showed a dose-
dependent reduction in pro-inflammatory cytokine levels, suggesting its strong anti-inflammatory potential. These
findings underscore the therapeutic promise of Boswellia serrata leaf extract as a natural remedy for conditions
characterized by oxidative stress and chronic inflammation. The study provides a solid foundation for further research
into the specific bioactive compounds responsible for these effects and their possible applications in clinical settings.
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INTRODUCTION

Inflammation and oxidative stress are linked biological processes that are important in the aetiology of many chronic
illnesses, such as diabetes, cancer, heart disease, and neurological disorders. Research on medical processes has shifted
significantly to try to understand these mechanisms and discover solutions to reduce their negative impacts. Because of
their wide range of bioactive chemicals, medicinal plants have attracted a lot of interest for their ability to fight
inflammation and oxidative stress, providing a safe, easy way to prevent and cure these conditions . When the
body's capacity to detoxify these dangerous byproducts or heal the consequent damage is out of balance, reactive
oxygen species (ROS) are produced at an excessive rate, leading to oxidative stress. Free radicals like superoxide and
hydroxyl radicals are examples of ROS that are produced naturally during normal cellular metabolism. Nevertheless,
the body's antioxidant defences may be overpowered by excessive ROS production, which is brought on by things like
radiation, environmental pollutants, and persistent inflammation. This results in oxidative damage to proteins, lipids,
and DNA, which aggravates cellular malfunction and promotes the emergence of chronic illnesses !7. The body uses a
sophisticated system of antioxidants to keep cells in a homeostasis and counteract reactive oxygen species. Superoxide
dismutase (SOD) and glutathione peroxidase are examples of enzymatic antioxidants in this system. Non-enzymatic
antioxidants include glutathione, vitamin C, and vitamin E. Oxidative stress, which is brought on by weakened
defences, can activate signalling pathways that encourage inflammation and cellular damage &'V,

The immune system being activated and pro-inflammatory cytokines, chemokines, and other mediators being released
are the hallmarks of inflammation, which is a normal and necessary reaction to infection or damage. Acute
inflammation aids in healing and is a protective reaction; however, persistent inflammation is harmful and linked to
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several chronic illnesses. Unresolved infections, ongoing irritation, or immune response dysregulation can all lead to
persistent inflammation (-”, Sustained oxidative stress is frequently associated with chronic inflammation, resulting in a
vicious cycle in which the creation of ROS exacerbates inflammatory responses, which in turn raises ROS levels. The
relationship between inflammation and oxidative stress is linked to the development of conditions including Alzheimer's
disease, rheumatoid arthritis, and atherosclerosis (19,

Because of their therapeutic qualities, medicinal plants have been employed for ages in traditional medical systems
around the world. The medicinal potential of these plants has been more and more supported by scientific study in
recent years, especially when it comes to oxidative stress and inflammation. Phytochemicals with strong antioxidant and
anti-inflammatory properties, such as polyphenols, flavonoids, terpenes, and alkaloids, are abundant in many
therapeutic plants 7'?, The oxidative stress caused by ROS can be decreased by the phytochemicals found in
medicinal plants. For instance, flavonoids, which are abundant in plants like berries and green tea, are well-known for
having potent antioxidant qualities. They can provide electrons to counteract free radicals and shield cells from
oxidative damage. By upregulating the expression of antioxidant enzymes, polyphenols—an additional class of
chemicals frequently present in medicinal plants like grape seeds and turmeric—enhance the body's natural antioxidant
defences @29, Many medicinal plants also possess anti-inflammatory properties, making them valuable in managing
chronic inflammatory conditions. For instance, curcumin, a compound found in turmeric, has been shown to inhibit the
activation of nuclear factor-kappa B (NF-kB), a key transcription factor that regulates the expression of pro-
inflammatory genes. Similarly, boswellic acids from Boswellia serrata have been found to inhibit the production of pro-
inflammatory cytokines, reducing inflammation @29,

The dual role of medicinal plants in combating oxidative stress and inflammation underscores their importance in the
prevention and treatment of chronic diseases. By harnessing the bioactive compounds found in these plants, it is
possible to develop natural therapies that offer protection against the damaging effects of oxidative stress and chronic
inflammation. As research continues to uncover the mechanisms underlying the therapeutic effects of medicinal plants,
these natural resources will likely play an increasingly significant role in modern medicine, providing a complementary
approach to conventional treatments for a wide range of diseases.

Boswellia serrata, commonly known as Indian frankincense, has been a vital component in traditional medicine
systems, particularly in India, where it is referred to as "Salai guggul." In Ayurveda, the ancient Indian system of
medicine, Boswellia serrata resin has been used for centuries to treat various ailments. It is highly valued for its anti-
inflammatory properties and is traditionally used to alleviate conditions such as arthritis, asthma, and inflammatory
bowel diseases ?7>2®. The resin, often called "shallaki," is also applied in treating wounds, promoting healing due to its
antimicrobial properties. Beyond India, Boswellia serrata has been used in traditional practices across other cultures as
well @429, In African and Middle Eastern medicine, the resin is burned as incense, valued for its ability to purify the air
and ward off evil spirits, while also being used internally for digestive and respiratory ailments. In traditional Chinese
medicine, Boswellia is utilized for its pain-relieving and anti-inflammatory effects, often in combination with other
herbs to treat joint and muscle pain. These traditional uses of Boswellia serrata highlight its importance in natural
medicine, reflecting a rich history of application across diverse cultures %39,

Building upon the extensive literature review and the compelling evidence highlighted by previous research, this study
was designed with the specific objective of evaluating the antioxidant and anti-inflammatory activities of Boswellia
serrata leaf extract. The rich history of Boswellia serrata in traditional medicine, particularly its documented use in
managing inflammatory conditions and oxidative stress-related disorders, provided a strong rationale for this
investigation. Given the plant's known bioactive components, such as boswellic acids and other terpenoids, which have
been reported to possess significant anti-inflammatory and antioxidant properties, it was deemed critical to explore
these effects through a series of in vitro mechanistic models. The focus was not only on quantifying its ability to
scavenge reactive oxygen species (ROS) but also on understanding how the extract modulates the production of pro-
inflammatory cytokines and other mediators of inflammation. This approach was intended to provide a thorough
understanding of the extract's therapeutic potential, laying the groundwork for future studies that could explore its
efficacy in clinical settings. The anticipated outcomes of this research were expected to reinforce the traditional uses of
Boswellia serrata and contribute to the growing body of evidence supporting its use as a natural remedy for conditions
associated with oxidative stress and inflammation.

MATERIAL AND METHODS

Drugs, chemicals, and reagents

The extraction process utilized ethanol, methanol, and distilled water, all of which were high analytical grade and
sourced from Loba Chemie, Mumbai, India. Enzyme-linked immunosorbent assay (ELISA) kits, which are particularly
made to identify pro-inflammatory cytokines including TNF-a, IL-1B, and IL-6, were critical reagents for the anti-
inflammatory tests. RAW 264.7 macrophage cells, the required culture medium, foetal bovine serum (FBS), and
antibiotics such streptomycin and penicillin were used in the in vitro cell culture investigations. To cause inflammation
in these cells, lipopolysaccharide (LPS) was obtained from Himedia and Sigma Aldrich in India. All chemicals and
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drugs were obtained from reliable suppliers to ensure their purity and consistency, contributing to reproducible and
accurate experimental results.

Collection, authentication, and extraction of the plants

The Boswellia serrata plant was sourced from the Solan district of Himachal Pradesh. A herbarium specimen was
prepared, and the plant's identity was confirmed by a botanist. The leaves were shade-dried and then ground into a
coarse powder using a mechanical grinder. This powder underwent cold maceration in methanol for 10 days. Afterward,
the extract was collected and dried in a vacuum desiccator. The final extract, designated as BSLE-M, was stored at -4°C
for future use.

Preliminary Phytochemical study

The plant extract underwent preliminary phytochemical screening to identify the compounds that might contribute to
the plant's medicinal properties. This essential step was crucial for understanding the bioactive components within the
extract that could influence antioxidant and anti-inflammatory pathways. The phytochemical analysis included a series
of qualitative tests aimed at detecting various classes of compounds, such as alkaloids, flavonoids, tannins, saponins,
sterols, and phenolic compounds. Specific tests, including the Dragendorff test for alkaloids, the Shinoda test for
flavonoids, and the Froth test for saponins, were utilized. These screenings were performed using both aqueous and
methanolic solvents to ensure a wide range of phytochemicals was extracted, recognizing that different solvents can
isolate different compounds. Because of their well-known anti-inflammatory and antioxidant characteristics, the
presence of flavonoids and phenolic acids was of special interest. Overall, the phytochemical screening laid the
foundation for additional pharmacological research by offering insightful information about the complex composition of
the extracts.

Antioxidant activity

ABTS radical decolorization assay

An established technique for assessing the antioxidant activity of plant extracts and other compounds is the ABTS
radical decolourisation test ¢! 32, First, distilled water is used to create a stock solution containing 7 mM ABTS.
Separately, a 2.45 mM potassium persulfate solution is also made. After mixing these two solutions 1:1 and letting them
react for 12—16 hours at room temperature in the dark, the resulting product is the blue-green ABTS radical cation
(ABTSe+). To get an absorbance of 0.70 + 0.02 at 734 nm, the ABTS++ solution is diluted with methanol or another
appropriate solvent before to use. After that, methanol or another suitable solvent is used to dissolve the plant extracts or
test samples. In order to conduct the experiment, 10 pL of the sample or standard (Trolox) and 990 uL of the diluted
ABTSe+ solution are combined in a test tube, well mixed, and allowed to sit in the dark at room temperature for six
minutes. After that, a UV-Vis spectrophotometer is used to measure the absorbance of the reaction mixture at 734 nm.
The percentage inhibition of the ABTSe+ radical cation is used to determine the antioxidant activity of the sample:
Inhibition (%) = [(Absorbance of Control - Absorbance of Sample) / Absorbance of Control] x 100. The antioxidant
activity can be expressed as Trolox Equivalent Antioxidant Capacity (TEAC), which is expressed in pmol Trolox
equivalent per gramme of sample, by comparing this inhibition percentage to a Trolox standard curve. To assure
accuracy and repeatability, the test is usually run in triplicate. This technique offers a dependable and effective means of
evaluating the antioxidant capacity of different compounds.

Hydroxyl Radical Scavenging Activity (HRSA)

The Hydroxyl Radical Scavenging Activity (HRSA) assay is a commonly used method to evaluate the ability of a
substance to scavenge hydroxyl radicals ¢, which are highly reactive species capable of causing significant damage to
biological molecules such as DNA, proteins, and lipids. The assay typically involves generating hydroxyl radicals
through the Fenton reaction, where hydrogen peroxide (H202) is reacted with ferrous ions (Fe2+) to produce hydroxyl
radicals ©%,

To begin the assay, a reaction mixture is prepared, usually consisting of a suitable buffer (such as phosphate buffer),
ferrous sulfate (FeSO4), hydrogen peroxide (H202), and the test sample or standard. The test sample is dissolved in an
appropriate solvent, typically water or methanol, to the desired concentration. The reaction is initiated by adding
hydrogen peroxide to the mixture, and the hydroxyl radicals generated in this process will interact with a scavenger or
probe, often deoxyribose or a similar compound. The hydroxyl radicals degrade the deoxyribose, leading to the
formation of products that can be measured spectrophotometrically. The degree of scavenging by the test sample is
determined by measuring the decrease in absorbance at a specific wavelength (typically around 532 nm, depending on
the probe used). The results are usually expressed as a percentage inhibition of hydroxyl radical formation, calculated
using the formula: Inhibition (%) = [(Absorbance of Control - Absorbance of Sample) / Absorbance of Control] x 100.
The antioxidant capacity of the test sample can also be compared to a standard antioxidant, such as ascorbic acid or
Trolox, to express the results in terms of equivalent antioxidant capacity. Performing the assay in triplicate or more is
recommended to ensure reproducibility and reliability of the results. The HRSA assay is particularly useful for assessing
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the potential of natural extracts, pharmaceuticals, and other substances to protect against oxidative damage by
neutralizing hydroxyl radicals.

Anti-inflammatory activity

Anti-inflammatory activity using RAW 264.7 macrophages

To evaluate the anti-inflammatory activity of a plant extract using RAW 264.7 macrophages ©* 39, start by cultivating
the RAW 264.7 cells in Dulbecco's Modified Eagle Medium (DMEM), which has 1% penicillin-streptomycin and 10%
foetal bovine serum (FBS) added. The cells need to be kept in a humidified environment with 5% CO2 at 37°C. When
the cells attain 70-80% confluence, more experiments can begin. Using a cell scraper or pipette, carefully separate the
cells, and then count them with a hemocytometer. Following that, the cells are plated in 24-well plates at a density of 5
x 1075 cells per well or in 96-well plates at a density of 1 x 10”5 cells per well. Allow the cells to adhere and stabilize
in the incubator for 24 hours. To induce an inflammatory response in the cells, treat them with 1 pg/mL of
lipopolysaccharide (LPS). The LPS should be prepared in sterile phosphate-buffered saline (PBS) or DMEM and added
to the culture medium to reach the desired final concentration. Alongside LPS treatment, administer varying
concentrations of the plant extract to the cells. The extract should be prepared in sterile PBS or dimethyl sulfoxide
(DMSO) and then diluted with DMEM. It's crucial to ensure that the final DMSO concentration does not exceed 0.1%
to avoid any cytotoxic effects. Controls should include untreated cells, cells treated only with LPS, and cells treated
with LPS and a known anti-inflammatory agent ®%. Incubate the treated cells at 37°C in a 5% CO2 atmosphere for 24
hours. After the incubation period, carefully collect the culture supernatant from each well. This supernatant will be
used to assess the levels of inflammatory markers. For nitric oxide (NO) measurement, use the Griess reagent. Mix the
supernatant with an equal volume of Griess reagent in a 96-well plate, incubate at room temperature for 10 minutes, and
then measure the absorbance at 540 nm using a microplate reader. The concentration of nitric oxide can be determined
using a sodium nitrite standard curve. Use certain enzyme-linked immunosorbent assay (ELISA) kits to measure pro-
inflammatory cytokines including TNF-a, IL-6, and IL-1B. Observe the guidelines provided by the manufacturer, which
usually entail incubating the supernatant with certain antibodies and then using a secondary antibody and a colorimetric
substrate for detection. The cytokine concentrations are computed using a standard curve, and the absorbance is
measured at the designated wavelength, which is typically 450 nm. Lastly, compare the levels of nitric oxide and
cytokines in the treated groups with those in the LPS-only group by analysing the data. The significance of any detected
differences should be ascertained by statistical analysis, such as ANOVA followed by post-hoc testing. A significant
reduction in these markers compared to the LPS-only group would suggest that the plant extract possesses anti-
inflammatory properties. This detailed approach ensures a comprehensive evaluation of the anti-inflammatory potential
of plant extracts using RAW 264.7 macrophages.

RESULTS AND DISCUSSION

Preliminary Phytochemical study

The phytochemical analysis of Boswellia serrata methanol leaf extracts revealed significant chemical diversity. The
extract showed a rich presence of terpenes and steroids, confirmed by strong positive results in the Lieberman-Burchard
and Salkowski tests, aligning with its known anti-inflammatory properties, particularly due to boswellic acids. The
detection of carbohydrates, ketones, and glycosides suggests additional benefits related to energy metabolism and
cellular signalling. These findings highlight the diverse phytochemical profile of Boswellia serrata, which underpins its
medicinal properties. Further research is needed to identify the specific bioactive compounds and explore potential
synergistic effects within the extract.

Table 1. Summarizing the phytochemical test results for Boswellia serrata methanol leaf extracts.

Phytochemical Test Detected Observation Implications
Compounds

Lieberman-Burchard Test Terpenes and | Strong  positive | Indicates a rich presence of terpenes and steroids,
Steroids reaction which are linked to anti-inflammatory effects.

Salkowski Test Steroids and | Strong  positive | Confirms the presence of steroids, supporting its
Triterpenoids reaction known medicinal properties.

Molisch’s Test Carbohydrates Positive reaction Suggests potential benefits in energy metabolism.

Benedict’s Test

Reducing Sugars

Positive reaction

Indicates the presence of reducing sugars, important for
cellular energy processes.

Keller-Kiliani Test

Glycosides

Positive reaction

Suggests potential roles in cellular signaling.

2,4-Dinitrophenylhydrazine
Test

Ketones

Positive reaction

Indicates the presence of ketones, which may have
roles in metabolic pathways.
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Antioxidant activity

ABTS radical decolorization assay

The ABTS radical decolorization assay was employed to assess the antioxidant activity of a plant extract, ascorbic acid,
and quercetin at various concentrations (0, 50, 100, 150, 200, 250 png/mL). The results were reported as mean inhibition
percentages with standard deviations, providing a measure of the precision and reproducibility of the assay. At the
baseline concentration of 0 pg/mL, no inhibition of the ABTS radical was observed, confirming the absence of intrinsic
antioxidant activity without the presence of the test substances. Upon introducing the extract, it exhibited moderate
antioxidant activity, starting with 22.89 £ 0.99% inhibition at 50 pg/mL and progressively increasing to 87.76 + 1.08%
at 250 pg/mL. This suggests that while the extract possesses antioxidant properties, higher concentrations are necessary
to achieve substantial radical scavenging effects. In contrast, ascorbic acid, a well-known antioxidant, demonstrated a
stronger effect, beginning at 32.91 + 1.09% inhibition at 50 pg/mL and rising to 83.19 + 0.87% at the highest
concentration tested. The consistent performance of ascorbic acid across the concentration range reflects its established
efficacy in neutralizing free radicals. Quercetin, however, showed the highest antioxidant activity among the substances
tested. It began with an inhibition of 42.52 £+ 0.69% at 50 ug/mL and peaked at 94.98 + 1.01% at 250 pg/mL, indicating
that quercetin is highly effective even at lower concentrations. The significant increase in quercetin's activity,
particularly at concentrations between 100 pg/mL and 150 pg/mL, highlights its potency and suggests that it could be
especially useful in therapeutic contexts where lower dosages are advantageous. The small standard deviations
associated with these measurements underscore the reliability and accuracy of the assay, ensuring that the results are
reproducible and robust. Overall, quercetin emerged as the most promising candidate due to its superior antioxidant
activity at lower doses, making it a strong contender for therapeutic applications aimed at combating oxidative stress.
Meanwhile, the extract, although demonstrating effectiveness, would require higher concentrations or further
optimization to reach the antioxidant potency of ascorbic acid and quercetin. These findings lay a solid foundation for
further research into the therapeutic potential of these antioxidants, with quercetin standing out as a particularly potent
agent for clinical use.

250
200
150
100

o4 Inhibition

50

0 20 40 60 80 100
Concentration (J1g/ml)

Bl Extract B8 Ascorbic acid B Quercetin

Figure 1. The extract's ABTS radical decolourisation test

Hydroxyl Radical Scavenging Activity (HRSA)

Figure 2 illustrates the Hydroxyl Radical Scavenging Activity (HRSA) of the extract, quercetin, and ascorbic acid
across a range of concentrations (50, 100, 150, 200, 250 pg/ml), with the results presented as mean percentage
inhibition + standard deviation (SD). The data clearly show a dose-dependent increase in hydroxyl radical scavenging
activity for all three substances, reflecting their capacity to neutralize these highly reactive species. The extract began
with a modest inhibition of 18.06 + 0.80% at 50 pg/ml, gradually increasing to 82.01 + 1.01% at 250 ug/ml. This steady
rise in activity indicates that while the extract is effective in scavenging hydroxyl radicals, it requires higher
concentrations to achieve significant antioxidant effects. The data suggest that the extract's antioxidant potential could
be harnessed effectively in formulations where higher dosages are feasible or where a gradual, sustained release of
antioxidant activity is desired. Quercetin, on the other hand, demonstrated a much higher baseline effectiveness, with an
initial inhibition of 43.98 + 0.89% at 50 pg/ml, which escalated to 95.97 + 1.02% at 250 pg/ml. This high level of
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activity even at lower concentrations highlights quercetin’s potent antioxidant properties, making it a particularly
effective agent for neutralizing hydroxyl radicals. The steep increase in quercetin's scavenging activity, especially at
lower concentrations, underscores its potential as a powerful therapeutic antioxidant, potentially useful in clinical
settings where precise dose management is critical. Ascorbic acid, a well-known antioxidant, also exhibited significant
scavenging activity, beginning at 32.78 + 0.92% inhibition at 50 pg/ml and rising to 97.02 £ 1.11% at the highest
concentration tested. This consistent performance across all tested concentrations reaffirms ascorbic acid’s established
role in combating oxidative stress and its reliability as an antioxidant. The nearly complete inhibition of hydroxyl
radicals at higher concentrations further solidifies ascorbic acid's position as a cornerstone in antioxidant therapy. The
small standard deviations across all measurements indicate a high level of precision and reproducibility in the assay
results, enhancing the confidence in these findings. This consistency suggests that the experimental procedures were
robust and that the results are reliable indicators of each substance's antioxidant capacity. Overall, the results presented
in Figure 2 provide compelling evidence of the strong therapeutic potential of quercetin and ascorbic acid due to their
high efficacy at lower concentrations. Quercetin, in particular, stands out for its potent activity, even at minimal doses,
making it an attractive candidate for further research and development in antioxidant therapies. The extract, while less
potent, still demonstrates significant activity, particularly at higher concentrations, indicating its potential utility in
formulations where a gradual or sustained antioxidant effect is desired. These findings support the potential application
of these substances in dietary supplements and pharmaceuticals designed to enhance cellular antioxidant defense and
mitigate oxidative stress-related conditions. Further research could delve into the specific mechanisms through which
these substances interact with hydroxyl radicals and assess their potential clinical benefits in preventing or treating
oxidative stress-related diseases.

B
250 I
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= 200 !
= b
2 h
= 150- )
= 5]
= b
100 }
I
I
S04 }
—
0 20 40 60 30 100

Conc. (ng/ml)
Bl Extract T30 Quercetin EE Ascorbic acid
Figure 2. The extract's Hydroxyl Radical Scavenging Activity (HRSA)

Table 2. IC50 values of the extract and standards

Substance Assay Type 1C50 Observations
Value
(Hg/mL)
Extract ABTS Radical Decolorizing 128.91 Moderate potency in reducing ABTS radical formation by
50%
Hydroxyl Radical | 147.32 Reduces hydroxyl radical formation by 50%
Scavenging
Ascorbic ABTS Radical Decolorizing 135.64 Comparable to Extract in ABTS activity
Acid
Hydroxyl Radical | 120.19 Effective, but less than Quercetin in HRSA
Scavenging
Quercetin ABTS Radical Decolorizing 68.40 Most potent in ABTS assay, lowest IC50 value
Hydroxyl Radical | 84.77 Highly effective, lowest IC50 among substances in HRSA
Scavenging
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Anti-inflammatory activity

Evaluation of Anti-inflammatory activity using RAW 264.7 macrophages

The anti-inflammatory efficacy of different treatment doses utilising RAW 264.7 macrophages was demonstrated in the

results, with particular attention to the production of pro-inflammatory cytokines including IL-1p, TNF-a, and IL-6.

This arrangement was created to evaluate the treatment's capacity to lessen the inflammatory reactions brought on by

lipopolysaccharide (LPS). The results unmistakably demonstrated that the concentration of the therapy has an effect on

the levels of all three cytokines (IL-1B, TNF-a, and IL-6), demonstrating the treatment's effectiveness in reducing
inflammatory reactions.

o IL-1P: Starting from a high with LPS induction at 222.56 + 8.95 pg/mL, the level drops progressively across the
treatment groups to 104.43 + 1.27 pg/mL at the highest treatment concentration (120 pg/mL). This demonstrates a
substantial reduction, nearing the baseline levels observed in the control group.

e TNF-a: Similarly, TNF-a levels show 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, is
significantly mitigated by the treatment.

o 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 indicates effective control over this signaling
molecule, which plays a crucial role in the acute phase response.

The findings indicate that, in a dose-dependent way, the therapy is quite successful in lowering the production of
important inflammatory cytokines. The significant reduction in cytokine levels, particularly at increased treatment
doses, highlights the therapy's potential as an anti-inflammatory drug. The treatment's broad-spectrum anti-
inflammatory capabilities are further supported by the constancy of the drop in all three cytokines. This study
highlighted the potential of the tested extract 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 anti-inflammatory drugs or supplements, especially for conditions where cytokine storms or
excessive inflammatory responses are a concern.

Table 3. Anti-inflammatory action measured by cytokine levels.

Serial No. Treatment Groups IL-1p (pg/mL) TNF-o (pg/mL) IL-6 (pg/mL)
1 Control 16.72+0.95 59.83+0.99 50.85+0.99
2 LPS only 226.7449.12 259.97+9.73 210.94+8.66
3 15 pg/mL 187.26+6.77 229.95+8.75 190.76+7.90
4 30 pg/mL 167.84+5.63 189.92+6.91 160.95+5.66
5 60 pg/mL 138.24+5.84 169.87+6.59 140.98+2.91
6 120 pg/mL 108.68+2.93 110.58+2.91 100.69+2.86
IL-1B Levels Across Treatment Groups
200
1501
£
(=]
=
=)
:ll 100 B
50
Conltrol LPS Ionly 15 u‘g/mL 30 plg/mL 60 u(lg/mL 120 Lllg/mL

Treatment Groups

Figure 3. Anti-inflammatory activity in terms of IL-1p levels in RAW 264.7 macrophages.
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TNF-a Levels Across Treatment Groups

250t
22571
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175}

TNF-a (pg/mL)

>0 Cor;trol LPS only 15 pg/mL 30 pg/mL 60 pg/mL 120 pg/mL

Treatment Groups
Figure 4. Anti-inflammatory activity in terms of TNF-a levels in RAW 264.7 macrophages.
IL-6 Levels Across Treatment Groups
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Figure 5. Anti-inflammatory activity in terms of IL-6 levels in RAW 264.7 macrophages.

CONCLUSIONS
The study provided compelling evidence that the extract, BSLE-M, which is composed of methanol leaves extracts
from Boswellia serrata, possesses strong antioxidant and anti-inflammatory properties. Quercetin, a well-established
antioxidant used as a reference in the study, demonstrated superior radical scavenging ability, affirming its robust
antioxidant capacity. Although BSLE-M required higher concentrations to achieve similar effects, it still exhibited
significant antioxidant activity, indicating its potential effectiveness in neutralizing free radicals. BSLE-M demonstrated
a distinct, dose-dependent decrease in the generation of important pro-inflammatory cytokines, including IL-1p, TNF-a,
and IL-6, in the anti-inflammatory tests. This reduction suggests that BSLE-M can effectively modulate inflammatory
responses, making it a potential candidate for managing conditions characterized by chronic inflammation. The extract’s
ability to decrease cytokine levels in a manner comparable to standard anti-inflammatory agents highlights its potential
utility in therapeutic applications.
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These findings underscore the therapeutic promise of BSLE-M in addressing disorders linked to oxidative stress and
inflammation. Its efficacy, which rivals that of established antioxidants and anti-inflammatory drugs, suggests that
BSLE-M could be developed into a valuable treatment option in clinical settings. The findings show that more study is
necessary in addition to indicating the extract's immediate medicinal potential. Future research should concentrate on
clarifying the processes by which BSLE-M works as well as carrying out clinical trials to verify its safety and
effectiveness in people. In conclusion, BSLE-M shows promise as a therapeutic option for the creation of novel
treatments meant to counteract inflammation and oxidative stress. Its natural origin and dual antioxidant and anti-
inflammatory qualities make it a desirable candidate for creating new medicines. Further investigation may result in the
identification of BSLE-M as a very effective therapeutic agent, providing new therapeutic options for the management
of illnesses linked to oxidative and inflammatory damage.
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