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Introduction 
 

Inflammation serves as a crucial physiological reaction to 

tissue damage, infection, or irritants. However, when inflammation 

becomes chronic or excessive, it can lead to the onset of various 

long-term diseases, including arthritis, heart conditions, and 

cancer.1,2 This harmful impact is often caused by the overproduction 

of pro-inflammatory substances such as prostaglandins and 

leukotrienes, which are generated by enzymes like cyclooxygenase-

2 (COX-2), 5-lipoxygenase, and xanthine oxidase (XO).3  
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While non-steroidal anti-inflammatory drugs (NSAIDs) are frequently 

prescribed to manage inflammation, their prolonged use can lead to 

adverse effects, including gastrointestinal ulceration, kidney damaged, 

and cardiovascular risks.4 As a safer alternative, attention has shifted 

toward the discovery of plant-derived compounds with anti-

inflammatory potential. Senecio biafrae (SB) from the Asteraceae 

family, a succulent and leafy vegetable widely consumed in West 

Africa, is traditionally used for managing various health conditions. It is 

rich in micronutrients and secondary metabolites, including polyphenols 

and flavonoids, which have been associated with antioxidative, anti-

diabetic, and fertility-enhancing effects.5 Previous research has 

demonstrated that compounds found in SB exhibit inhibitory effects on 

metabolic enzymes, specifically α-amylase and α-glucosidase, 

underscoring their pharmacological relevance.6 Nonetheless, there is 

limited knowledge regarding its possible inhibitory influence on 

proinflammatory enzymes. This study is novel in its approach to 

integrate bioactivity-guided phytochemical profiling with molecular 

docking analysis to predict potential anti-inflammatory compounds 

from SB. While prior research focused on its anti-diabetic and fertility-

enhancing properties, this is the first study to systematically evaluate its 

polyphenol-rich fraction (PRF) for anti-inflammatory effects utilizing a 

dual in vitro and in silico strategy. The use of molecular docking further 

enhances the predictive value of the findings and provides a foundation 

for future structure-based drug design. This research seeks to explore 

the anti-inflammatory properties of PRF derived from SB leaves by 
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Plants containing anti-inflammatory compounds often regulate proinflammatory enzymes to 

prevent the onset of inflammatory conditions. This study aimed to examine the effect of 

Senecio biafrae leaf fractions on pro-inflammatory enzymes using an in vitro model, as well as 

molecular docking prediction technique to explore the anti-inflammatory properties of Senecio 

biafrae leaves. Thirty grams of Senecio biafrae crude extract were divided into two halves, 

with the first half partitioned and the second half fractionated using Amberlite XAD-16 resin to 

obtain polyphenol-rich fractions. The flavonoids and phenolic contents of the fractions were 

quantified. The polyphenol-rich fraction was fingerprinted using liquid chromatography mass 

spectrometry and evaluated for anti-proinflammatory enzyme activities. The compounds 

detected were subsequently analysed through molecular docking. The results indicated that the 

polyphenol-rich fraction had the highest total phenolic (1485.51±0.14 µg GAE/g) and 

flavonoid (428.07±0.03 µg QUE/g) concentrations. It also exhibited high xanthine oxidase 

activity in a dose-dependent manner and comparable lipoxygenase inhibitory activity with the 

standard anti-inflammatory drug. Comparing the polyphenol-rich fraction of Senecio biafrae to 

standard anti-inflammatory drugs, molecular docking analysis predicted that Fluperlapin and 

Methyl picraquassioside-A had the highest inhibitory activities against xanthine oxidase (-9.9 

kcal/mol.) and cyclooxygenase (-8.9 kcal/mol.), while Stigmatellin Y had similar inhibitory 

activity against 5-lipoxygenase. Senecio biafrae's polyphenolic-rich fraction may serve as a 

foundation for the development of novel anti-inflammatory agents, but further research is 

needed to validate its anti-inflammatory properties through structural elucidation and in vivo 

investigation of the compounds identified in the polyphenol-rich fraction of Senecio biafrae. 

 Keywords: Antioxidant, Anti-inflammation, 5-Lipoxygenase, Cyclooxygenase-2, Molecular 
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examining its inhibitory effects on particular pro-inflammatory enzymes 

and employing molecular docking techniques. 
 

 

Materials and Methods 
 

Plant Collection and Identification 

Freshly collected SB leaves were sourced in January 2024 from Akamo, 

Iperindo (Latitude: N07o29′40′′; Longitude: E04o49′26′′; Distance: 541 

m), located in Osun State. The botanical specimen was classified and 

confirmed at the Ife Herbarium within the Department of Botany at 

Obafemi Awolowo University in Ile-Ife, Nigeria. The voucher specimen 

was deposited to the Herbarium with the identification code IFE-17936. 
 

Preparation of Plant Extract 

SB leaves were chopped into smaller pieces, properly cleaned with pure 

distilled water, and air-dried for two weeks. A mechanical grinding 

machine was utilized to compress the dried leaves into fine powder. The 

powdered plant sample (350 g) was steeped in ethanol at 25oC for 72 

hours. At 40°C, the ethanol extract was concentrated with the aid of a 

rotary evaporator (Edward Vacuum Corporation, Crawley, England). 

The crude ethanol extract was kept in the desiccator until additional 

processing was necessary.6 
 

Partitioning of SB Extract 

A 30g sample of SB extract was submerged in distilled water (200 ml), 

agitated well, and then filtered with the aid of Whatman Number 1 filter 

paper. Following filtration, the product obtained was sequentially 

extracted with 400 ml of absolute dichloromethane (DCM), ethyl 

acetate (EA), as well as methanol (MeOH). Each of the solvent fraction 

was vigorously stirred and allowed to form layers. The various solvent 

fractions were concentrated individually in the rotary evaporator of 

Edward High Vacuum Pump Cooperation in Crawley, England whereas 

the aqueous fraction (AQF) was reduced in volume prior to being 

lyophilized. After this process, the obtained fractions were weighed, 

tagged, as well stored in desiccators for future analysis. Three fractions 

were obtained: dichloromethane fraction (DCMF), ethyl acetate fraction 

(EAF), as well as aqueous fraction (AQF). However, AQF was 

discarded and not utilized in the course of research.6  
 

Preparation of Polyphenol-rich Fraction from SB Plant 

The fraction rich in polyphenols was extracted via an Amberlite XAD-

16 resin column using a standard method.7 Initially, a powdered (800 g) 

sample of the plant was macerated in acidified methanol [comprising 

80% (v/v) methanol, 19% (v/v) H2O, 1% (v/v) acetic acid] for a 

duration of 72 hours at 40°C, with periodic agitation. The mixture 

obtained was first filtered with the aid of filter paper (Whatman number 

1) and then dried in a vacuum pressure utilizing a Buchi Rotavapor R-

205 rotary evaporator (Switzerland) at 40°C. The extract was introduced 

onto the column using acidified water [(99% (v/v) H₂O, 1% (v/v) acetic 

acid], followed by a wash with the same solvent. Elution was performed 

using a solvent mixture consisting of 80% (v/v) ethanol, 19.9% (v/v) 

H2O, as well as 0.1% (v/v) trichloroacetic acid. The eluates collected 

were concentrated via vacuum pressure at 37 °C with a Buchi Rotavapor 

R-205 rotary evaporator (Switzerland) and lyophilized to obtain PRF. 

The PRF percentage yield was mathematically determined from the 

plant starting materials via Equation 1 provided below: 
 

Yield (%) = 1 -  x 100 -------------------------------- Equation 1 
 

Where LF= weight of lyophilized fraction (g), DL = weight of the 

sample extracted (g) 

 

Estimation of Total Phenolics 

Spectrophotometry was utilized to assess the total phenolic content of 

SB fractions via a standard procedure.8,9 To establish a standard 

curve, various volumes of a gallic acid solution (0.01 mg/ml) 

were pipetted into separate test tubes at 0, 20, 40, 60, 80, and 100 µL. 

Each test tube was then filled with distilled water, 

reaching a total volume of 1 mL, followed by the addition of 200 µL of 

Folin–Ciocalteu's phenol reagent. After allowing the mixture to incubate 

for 15 minutes at room temperature, 1 mL of a 7% (w/v) sodium 

carbonate solution (Na2CO3) was incorporated. The samples 

were subsequently incubated for an additional 1.5 hours under the 

same temperature conditions.  

The absorbance was taken using a UV-Visible Spectrophotometer 

(S23A, ESCHMED Medical, England) at 750 nm. For analyzing the SB 

extract, a sample (1 mg/ml) of 100 µL was added to distilled water (900 

µL) and 10% (v/v) Folin–Ciocalteu’s reagent (200 µL). This mixture 

was incubated for 15 minutes at 25oC and mixed with 7% (w/v) Na2CO3 

solution (1mL), followed by a further incubation of 1.5 hours. Each 

trial was performed in triplicate, and the absorbance was recorded at 

750 nm. The amount of phenolic compounds was assessed by 

interpolating the absorbance values from the gallic acid calibration plot. 

This measurement was reported in milligrams of gallic acid equivalents 

for each gram of extract (mg GAE/g extract). 

 

Estimation of Total Flavonoids 

In accordance with established protocols, spectrophotometry 

was employed to measure the flavonoid levels in the SB fractions. A 

calibration curve was created by adding 0, 20, 40, 60, 80, and 100 µL 

of a quercetin solution (0.01 mg/mL) to test tubes, adjusting the total 

volume with distilled water to 100 µL. Subsequently, 25 µL of a 5% 

(w/v) sodium nitrite (NaNO3) solution was introduced into each 

tube, and the mixtures were incubated at 25oC for 5 minutes.  

The colorimetric reaction commenced with the addition of 50 µL of 2 M 

sodium hydroxide (NaOH) as well as 25 µL of 10% (w/v) aluminium 

chloride (AlCl3). After incubating for another 15 minutes at 25oC, 

their absorbance was measured at a wavelength of 510 nm. For the 

analysis of samples, 100 µL of the SB extract (1 mg/mL) was added to 

100 µL of distilled water and 5% (w/v) NaNO3 (25 µL), followed by a 

five-minute incubation at 25°C. The subsequent addition of 50 µL of 2 

M NaOH and 25 µL of 10% AlCl3 was done, and the blend was 

incubated for a further 15 minutes. The absorbance was recorded via 

a UV-Visible Spectrophotometer (S23A ESCHMED Medical, England) 

at 510 nm. A calibration graph was produced by correlating the 

quercetin mass (mg) to absorbance (nm) to ascertain the total flavonoid 

concentration in the SB fractions. This measurement was reported in 

milligrams of quercetin equivalents for gram of extract (mg QE/g 

extract).10,11 
 

Lipoxygenase (LOX) Inhibitory Assay 

According to the previously described procedure, linoleic acid was used 

as the substrate for a spectrophotometric evaluation of PRF ability to 

inhibit lipoxygenase.12 Quercetin, when dissolved in the same 

buffer, acted as the standard reference inhibitor. A stock of PRF’s 

solution was created at 1 mg/mL in phosphate buffer. The assay was 

comprised of a test sample varying between 0.1 and 0.5 mg/mL, 50 µL 

of lipoxygenase solution (0.28 U/mL), and 150 µL of phosphate buffer 

(0.0667 M, pH 7.5).  

The enzymatic reaction commenced with the introduction of 250 µL of 

linoleic acid (0.15 mM) buffer solution. The increase in absorbance at 

234 nm, measured by a UV-Visible Spectrophotometer (S23A 

ESCHMED Medical, England), was monitored over a two-minute 

period to indicate enzyme activity. A 1% (v/v) methanol 

solution lacking PRF served as the negative control. The % inhibition of 

PRF was determined via Equation 2. 

 

Inhibition (%) = 1 -  x 100 -------------------------------- Equation 2 

 

The absorbance change of the test conducted with the PRF is shown in 

Equation B, whereas the absorbance change of the test conducted 

without the PRF, which acts as the negative control, is shown in 

Equation A. 
 

Xanthine Oxidase (XO) Inhibitory Assay 

According to earlier research, a spectrophotometric technique was used 

to assess the PRF’s inhibitory effect on xanthine oxidase using xanthine 

as the substrate.12,13 A stock solution of PRF was created using 

a phosphate buffer, achieving 1 mg/ml. For the positive 

control, allopurinol was also diluted in the same buffer. The reaction 

mixture contained 150 µL of phosphate buffer (0.0667 m, pH 

7.5), combined with 50 µL of the test sample (ranging from 0.1 to 0.5 

mg/ml) as well as 50 µL of xanthine oxidase solution (0.28 u/mL). The 

reaction was initiated by adding 250 µL of xanthine substrate solution, 

which had a concentration of 0.15 mM in the buffer. By utilizing a UV-
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Visible spectrophotometer (S23A, ESCHMED Medical, England) to 

measure the formation of uric acid, as indicated by an increase in 

absorbance at 295 nm during a 2-minute period, enzymatic activity was 

monitored. In this case, the negative control was phosphate buffer. 

Equation 3 was adopted to interpolate the percentage of xanthine 

oxidase activity inhibition. 

Inhibition (%) = 1 -  x 100 -------------------------------- Equation 3 

In Equation 3, A denotes the variation in absorbance of the reaction 

mixture that contains the PRF, while B signifies the change in 

absorbance of the reaction mixture that does not include the PRF, 

serving as the negative control. The xanthine oxidase % inhibition 

was utilized to assess the enzyme's inhibitory effect. 
 

LC–MS Profiling of PRF of SB Plant 

To attain clarity and purity, the PRF of SB was separately filtered via 

0.45 μm as well as 0.2 μm membrane filters after being diluted with 

distilled ethanol to a concentration of 10 mg/ml. A working solution of 

1 mg/ml was made by mixing 1.8 mL of double-distilled water with 200 

μL of the filtered 10 mg/ml PRF. A dual electrospray ionization (ESI) 

source-equipped Agilent 1290 Infinity LC system was used to profile 

metabolites, including primary and secondary metabolites, utilizing an 

Agilent 6520 Accurate-Mass Q-TOF mass spectrometer. A 2.1 mm × 

150 mm, 3.5 μm particle size, Agilent Zorbax Eclipse XDB-C18 

narrow-bore column was used for the chromatographic separation. We 

kept the autosampler set at 4 °C as well as the column temperature at 25 

°C. The mobile phase was a 60:40 (v/v) mixture of acetonitrile and 

water that was delivered at a rate of 0.5 milliliters per minute. PRF 

solution (3.0 μL) was added to the LC-MS device. With nitrogen 

serving as the collision gas and a fragmentor voltage of 125 V, data was 

gathered utilizing both positive and negative ionization modes. Data 

was collected in 1.03 seconds using the mass spectrometer in positive 

ion ESI mode, scanning a range of 100-3200 m/z.  

In order to identify metabolites, the gathered LC-MS spectrum data was 

compared to entries in the METLIN database. Agilent Mass Hunter 

Qualitative Analysis software (version B.05.00) was used for peak 

detection and integration. 14,15  
 

Molecular Docking Analysis 

Ligand Preparation 

Ligands were prepared as earlier described in the literature.15 The 

structural data files (SDF) of the phytochemicals identified from the 

PRF of SB leaves via LC-MS analysis, along with those of the reference 

compounds—Celecoxib, Licofelone, and Allopurinol—were obtained 

from the PubChem database (https://pubchem.ncbi.nlm.nih.gov/). These 

SDF compounds were imported into PyRx software (version 8, 

Windows platform) and subsequently converted to PDBQT format 

using the integrated Open Babel plugin. Prior to molecular docking, 

energy minimization was performed on all ligands to generate their 

optimized conformations for accurate docking analysis. 
 

Protein Preparation 

The crystal structures of Cyclooxygenase-2 (COX-2), 5-Lipoxygenase 

(5-LOX), as well as Xanthine Oxidase (XO) were retrieved from the 

Research Collaboratory for Structural Bioinformatics (RCSB) Protein 

Data Bank (https://www.rcsb.org/). The protein structures, in PDB 

format, were imported into UCSF Chimera version 1.14, for 

preprocessing. Non-standard residues, including water molecules, 

bound ligands, and metal ions, were initially removed to ensure 

structural integrity. Protein structure minimization was conducted via 

Chimera’s structure editing tools, applying 100 steps of steepest descent 

(step size: 0.02 Å), followed by 10 steps of conjugate gradient 

minimization (step size: 0.02 Å), with updates every 10 intervals. 

Further preprocessing involved the removal of solvents, addition of 

hydrogen atoms, and assignment of partial atomic charges using the 

Gasteiger force field. Histidine residues were adjusted to reflect the 

appropriate protonation state. Additionally, modified residues were 

standardized by converting selenomethione (MSE) to methionine 

(MET), Bromo-UMP (5BU) to uridine monophosphate (UMP, U), 

methylselennyl-DUMP (UMS) to UMP (U), and methylselenyl-DCMP 

(CSL) to cytidine monophosphate (CMP, C). The fully prepared and 

energy-minimized protein structures were then exported and uploaded 

into PyRx software for molecular docking studies.15 
 

Docking Grid Space 

Molecular docking of the prepared protein as well as ligand structures 

was carried out using the AutoDock wizard integrated within the PyRx 

software environment (version 8 for Windows). Grid box size x: -

3.3358, y: -23.5241, Z: 73.0239 and grid centre dimensions x: 65.6864 

Å, y: 57.5041 Å, z: 77.4687 Å were set for COX-2 with the PDB ID of 

5W58; grid box sizes x: 8.7183, y: 22.4773, z: 1.2559 and grid centre 

dimension x: 68.1346 Å, y: 59.4066 Å, z: 94.0178 Å were set for 5-

LOX with PDB ID 3O8Y and grid box size x: 39.5719, y: 54.5950, z: 

92.2164 and grid centre x: 66.5156 Å, y: 46.7911 Å and z: 50.2159 Å 

were set for OX with PDB ID 1FIQ. Three-dimensional (3D) 

visualizations of the protein–ligand complexes, along with two-

dimensional (2D) representations of the molecular interactions, were 

generated using Discovery Studio Visualizer 2021 (version 

21.1.0.20289).15 
 

Statistical Analysis 

The results of the experiment were shown as mean ± standard error of 

the mean (SEM) and analyzed using Microsoft Excel (Microsoft Office 

Suite, Excel version 2021 for Windows, USA) and GraphPad InStat 

software (version 5, GraphPad Software Inc., USA). For multiple 

comparisons, Tukey's post hoc test was used after one-way analysis of 

variance (ANOVA) to generate the statistical level of significance. 

Statistical significance of the observed variation was established at a 

threshold p-value of < 0.05. 
 

 

Results and Discussion 
 

Phytochemical composition of SB fractions 

Figures 1 and 2 show the summary of phenolic and flavonoid contents 

present in PRF, DCMF, MeOHF and EAF obtained from SB extract. 

Among these fractions, PRF exhibited the highest total phenolics 

(1485.51 ± 0.14 μg GAE/g) and total flavonoids (428.07 ± 0.03 μg 

QE/g) contents, suggesting its ability to act as a rich source of 

antioxidants. The EAF showed moderate phenolic content 

(479.87 ± 0.01 μg GAE/g) and high flavonoid concentrations 

(357.80 ± 0.04 μg QE/g), indicating therapeutic potential despite lower 

phenolics concentration. Comparatively, the DCMF and MeOHF 

fractions showed significantly lower contents of both phenolics and 

flavonoids. The phenolic as well as flavonoid contents of the SB leaf 

were found in the following increasing order: 

MeOHF<DCMF<EAF<PRF. It is clear that bioactive molecules with 

antioxidant properties are abundant in PRF and EAF fractions. This 

outcome is in line with other research results in the field.16,17 

 

Anti-inflammatory Activity of SB fractions 

Xanthine oxidase activity 

The summary of the in vitro assessment of the inhibitory activity of PRF 

against xanthine oxidase is shown in Figure 3. The results showed 

varying degrees of PRF percentage inhibitory activities ranging from 

80.79% to 93.95%. A dose dependent significant increase in xanthine 

oxidase inhibitory activity of PRF was observed from 0.1 to 0.5 mg/ml. 

PRF exhibited the highest percentage inhibitory activity (93.95 ± 

0.67%) at 0.5 mg/ml when compared with the standard anti-

inflammatory drug (allopurinol). Xanthine oxidase has been implicated 

in uric acid formation and the production of free  

https://www.rcsb.org/
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Figure 1: Total Phenolic Contents Contained in S.B Plant 
 

Data were expressed as mean ± S.E.M. (n = 3). Means with different values are significantly different (p < 0.05). PRF: Polyphenol-rich fraction, DCMF: 

Dichloromethane fraction, EAF: Ethyl acetate fraction, MeOHF: Methanol fraction
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Figure 2: Total Flavonoid Contents Contained in S.B Plant 
 

Data were expressed as mean ± S.E.M. (n = 3). Means with different values are significantly different (p < 0.05). PRF: Polyphenol-rich fraction, 

DCMF: Dichloromethane fraction, EAF: Ethyl acetate fraction, MeOHF: Methanol fraction 

 
 

 
 

Figure 3: Effect of PRF of SB on in vitro Inhibition of Xanthine Oxidase 
 

Data were expressed as mean ± S.E.M. (n = 3). Means with different values are significantly different (p < 0.05). PRF: Polyphenol-rich fraction, 

DCMF: Dichloromethane fraction, EAF: Ethyl acetate fraction, MeOHF: Methanol fraction 
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Figure 4: Effect of PRF of SB on in vitro Inhibition of Lipoxygenase 
 

Data were expressed as mean ± S.E.M. (n = 3). Means with different values are significantly different (p < 0.05). PRF: Polyphenol-rich fraction, 

DCMF: Dichloromethane fraction, EAF: Ethyl acetate fraction, MeOHF: Methanol fraction 

 

radicals, which could subsequently trigger the development of 

severe gout.18,19 It has been reported that Syzygium cumini inhibits 

xanthine oxidase activity.20 Inhibiting xanthine oxidase activity by 

fractions of SB especially PRF reduces uric acid synthesis, 

suggesting potential use for treating gout and hyperuricemia due to 

polyphenol's free radical scavenging properties. 

 

Lipoxygenase activity 

Figure 4 displays the inhibitory effect of PRF fractionated from SB 

against lipoxygenase. The results showed that the PRF fractionated 

from SB extract exhibited a moderate, concentration-dependent 

enzyme inhibition ranging from 84.51 ± 0.84% at 0.1 mg/ml to 

87.27 ± 1.42% at 0.4 mg/ml. The highest inhibition was observed at 

0.4 mg/ml, but the differences among these concentrations were not 

strictly dose-dependent. Notable variances were found between the 

rates of inhibition at different concentrations, with the 0.2 mg/ml 

concentration (87.09 ± 2.45%) and 0.4 mg/ml concentration (87.27 

± 1.42%) showing significantly higher activity compared to other 

concentrations tested (p < 0.05). Interestingly, lipoxygenase 

inhibition slightly decreased at 0.5 mg/ml (86.10 ± 0.15%), 

suggesting potential saturation or interference at higher 

concentrations. In contrast, quercetin, the reference standard, 

exhibited significantly (P ˂ 0.05) higher lipoxygenase inhibitory 

activity across all concentrations studied (92.63 ± 2.82 to 

97.91±0.47%). The maximum inhibitory activity (97.91±0.47%) 

was recorded at 0.4 mg/ml, significantly higher than that of PRF 

obtained from SB extract at the same concentration. The 

lipoxygenase pathway plays a crucial role in the immune response 

by oxidizing fatty acids to produce leukotrienes and other pro-

inflammatory mediators. Compounds that inhibit lipoxygenase are 

valuable as anti-inflammatory agents. The PRF of SB, with 

significant inhibition, may contain bioactive compounds such as 

flavonoids and phenolics, which could be responsible for 

modulating LOX activity. While the PRF did not surpass quercetin 

in terms of inhibition, its consistently high inhibition across all 

concentrations suggests its potential as a natural anti-inflammatory 

agent. This supports previous findings on the antioxidant and anti-

inflammatory properties of SB and aligns with its traditional use in 

managing inflammatory conditions.21
 

 

Identification of bioactive compounds from PRF of SB through 

liquid chromatography-mass spectrometry (LC-MS). 

Liquid chromatography-mass spectrometry (LC-MS) is a 

hyphenated technique consisting of chromatography and a mass 

spectrometer. The primary focus of this technique is to analyse and 

separate mixtures of compounds in order to enhance their 

identification. To identify each compound in a mixture, LC-MS 

considers factors such as retention time (RT), molecular formulas, 

masses, peak area and 

chemical classification, especially for polar compounds. In this 

study, the PRF fractionated from SB was analysed using LC-MS. 

The analysis resulted in the identification of twenty bioactive 

compounds (Table 1). The mass spectrum and chromatogram of the 

identified compounds are shown in Figure 5. These compounds 

belong to diverse phytochemical classes, including alkaloids, 

phenolics, flavonoids, sesquiterpenes, glycosides, and organic 

aromatic compounds, which are known to have various 

pharmacological effects.22 The presence of 2(1H)-quinolinone as an 

alkaloid suggests possible antimicrobial and neuroprotective 

potential, based on the reported biological activities of quinolinone 

derivatives.23 Methyl picraquassioside A and glucocaffeic acid, both 

phenolic glycosides, are potent antioxidants that may contribute to 

the fraction’s observed radical scavenging capacity in previous 

studies.24 These phenolic compounds likely enhance the redox 

balance by neutralizing reactive oxygen species (ROS). Flavonoids 

identified, including allicin and 7-hydroxy-2’,4’,5’-trimethoxy 

isoflavone, are known for their anti-inflammatory, anticarcinogenic, 

and enzyme inhibitory properties, particularly against oxidase 

enzymes like xanthine oxidase and lipoxygenase.25 This aligns with 

previous reports of enzyme inhibition by PRF of SB, suggesting that 

these flavonoids play a significant role in its therapeutic effects.26 

Trans-2,3-dihydroxy and hydroxyacetophenone, classified as 

polyphenols and phenols respectively, are known for their strong 

metal-chelating and radical-scavenging abilities. Additionally, 

salicylaldehyde, a simple phenolic compound, contributes to anti-

inflammatory activity and may modulate prostaglandin pathways. 

Compounds such as stigmatellin γ (a chromone derivative) and 

fluperlapine (a benzazepine) are structurally complex and have 

pharmacological significance. Stigmatellin, has been linked to 

electron transport chain inhibition in microbial systems, suggesting 

potential antimicrobial activity. Fluperlapine, a tricyclic compound, 

exhibits antipsychotic and dopamine-modulating actions, which 

may explain part of its observed neuroprotective potential.27 The 

detection of fatty acyl glycosides (e.g., hexanol arabinosyl 

glucoside) and auxin a, a plant growth hormone with structural 

similarity to lipid signaling molecules, suggests potential 

membrane-modulatory or signaling effects. Similarly, valiolone, a 

cyclitol, is structurally related to antidiabetic agents like voglibose, 

indicating a possible role in modulating carbohydrate metabolism. 

Interestingly, N-phenylacetyl aspartic acid and phenylacetonitrile 

are small aromatic and amino acid derivatives, with known roles in 

metabolic pathways and cell signaling.28 The identification of alpha-

(p-methoxyphenyl)-6-methyl-2-pyridineacrylic acid, although rare, 

suggests anti-inflammatory or antioxidant potential based on its 

structural resemblance to bioactive pyridines.29 
 

Molecular Docking Analysis 
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Molecular docking analysis is a computer technique that predicts the 

best orientation of a tiny molecule when attached to a target protein.  

 

Table 1: Identification of Bioactive Compounds through LC-MS from PRF of SB 
 

RT: Retention Time

 

    S/N Compound Name Formula Mass RT Compound Class 

1 2(1H) Quinolinone C9H7N 145.05 4.86 Alkaloid 

2 Methyl picraquassioside A C19H24O10 412.14 9.78 Phenolics glycosides 

3 Glucocaffeic acid C15H18O9 342.09 8.68 Phenolics 

  4 Trans-2,3-Dihydroxy C9H7O4 179.15 6.45 Polyphenol 

5 Allicin C12H18O4 226.12 8.29 Flavonoid 

6 Hydroxyacetopherone C8H8O2 136.05 6.24 Phenol 

7 Salicylaldehyde C7H6O2 122.04 5.43 Organic 
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It aids in determining binding affinity and interaction processes, which 

are crucial in drug development, biochemical research, and molecular 

biology. Compounds detected in the PRF of SB by LC-MS were 

analysed through molecular docking studies with standard anti-

inflammatory drugs (Celecoxib, Licofelone, Allopurinol). The study’s 

findings, as indicated by Gibb's free energy (∆G) in Table 2, revealed a 

range of binding affinities for the protein targets (COX- 2, 5-LOX, OX). 

Methyl Picraquassioside A, Stigmatellin Y and Fluperlapin exhibited 

the highest binding affinities for COX-2 (-8.9 Kcal/mol), 5-LOX (-7.7 

Kcal/mol) and OX (-9.9 Kcal/mol) compared to the standard ligands 

(Table 2). Biovia Discovery Studio 2021 showed that Methyl 

picraquassioside A (CID: 85363137), Fluperlapin (CID: 49381) and 

Stigmatellin Y (CID:5282078) interacted with specific active site amino 

acid residues of COX-2, 5-LOX and OX respectively (Figure. 6, Figure 

7 and Figure 8) similar to the standard drug but with different bonds 

(Figure 9, Figure 10 and Figure 11). Additionally, the docking 

simulation of Methyl picraquassioside A (CID: 853631337) with COX-

2 (PDB ID: 5W58) showed strong interactions. Methyl picraquassioside 

A formed conventional hydrogen bonds with amino acid residues such 

as GLU465, and GLN 42, as well as carbon hydrogen bond interactions 

involving CYS41 and CYS 47. Methyl picraquassioside A also utilized 

carbon hydrogen bond to interact with CYS 41 and CYS 47, Pi-Donor 

hydrogen bond with TRY 130 and ASP 125, Alky bond with PRO 153, 

ARG 44 and Pi-Alkyl bond with CYS 36 and ARG 44 (Figure 6). The 

three dimensional (3D) model shows that Methyl picraquassioside A 

was deeply buried within the COX-2 active site, suggesting significant 

potential for COX-2 inhibition. This observation was consistent with an 

earlier report.30 Stigmatellin Y  

Table 2: Binding Affinities of Bioactive Compounds Identified from PRF of SB Leaves   and 

Standard Inhibitor for Anti- Inflammatory Protein Target 

S/N                               Compounds Name          PubChem CID                 ∆G Energy (Kcal/mol.) 

 

8 

 

(3’,4,’5’-Trihydroxy 

 

C11H12O5 

 

224.07 

 

8.10 

aromatic 

Phenolic 

 Phenyl)-gamma 

Valerolactone 

    

- 

9 Phenylacetonitrile C8H7N 117.06 7.83 Organic 

10 Methylbenzaldehyde C8H8O 120.06 7.09 Benzenoid 

11 Sterebin D C18H30O3 294.22 17.47 Sesquiterpene 

12 3-oxo-3-phenyl Propanoate C9H8O3 164.05 6.64 Phenyl ketone 

13 Stigmatellin γ C29H40O6 484.28 21.27 Chromones 

14 Fluperlapine C19H20FN3 309.4 14.42 Benzazepine 

 

15 

 

N-phenylacetyl aspartic Acid 

 

 

 

C12H13NO5 

 

 

251.08 

 

 

6.56 

 

- 

Aspartic acid 

16 7-hydroxy-2’, 4’, 5’tri C18H16O6 328.09 6.91 Flavonoid 

 
methoxy isoflavone 

   
- 

17 Hexanol arabinosyl 

Glucoside 

C17H32O10 396.19 7.51 Fatty acyl 

Glycosides 

   18     Alpha- (p-methoxy phenyl)   C16H15NO3  

              -6-methyl-2-pyridineacrylic acid 

269.11 14.19  

- 

  19     Auxin a                C18H32O5 328.23 14.07 Carbocyclic 

  20    Valiolone                C7H12O6    192.06 1.26 Cyclitol 

 
COX-2 5-LOX OX 

1 2(1H) Quinolinone 6038 -7.2 -6.6 -6.9 

2 Methyl picraquassioside A 85363137 -8.9 -6.4 -8.7 

3 Glucocaffeic Acid 6148082 -8.6 -7.2 -8.4 

4 Trans-2,3-Dihydroxycinnamate 5282146 -6.7 -7.3 -6.5 

5 Allicin 86374 -6.3 -6.5 -6.4 
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(CID: 5282078) showed notable binding within the active site of 5-LOX 

(PDB ID: 3O8Y). Multiple interactions were recorded, including van 

der Waals forces and pi-alkyl interactions, indicating hydrophobic 

stabilization (Figure 7). Hydrogen bonds with residues near the iron-

binding domain of 5-LOX suggest that Stigmatellin Y may interfere 

with leukotriene synthesis, supporting its potential anti-inflammatory 

activity. This finding was consistent with previous report on the 

inhibition of lipoxygenase activity by Siphonochilus aethiopicus.31 

Figure 8 showed the binding interaction between Fluperlapin and OX, a 

key enzyme involved in purine metabolism and the production of uric 

acid. The 3D (left) and 2D (right) models display how Fluperlapin is 

situated within the enzyme’s active site. The docking analysis revealed 

that Fluperlapin fits well within the xanthine oxidase binding pocket, 

stabilized by a network of hydrogen bonds, hydrophobic forces, and pi-

interactions. Conventional hydrogen bonds (CYS 47 and TRY130) were 

observed between Fluperlapin and critical polar residues, anchoring the 

ligand in a favorable conformation. pi–alkyl interactions (CYS 36, ALA 

156, PRO 153, SER 49 and GLY 135) occurred with aromatic residues 

within the active site, suggesting enhanced binding affinity through pi-

electron cloud overlap—typical of ligands with aromatic moieties. Van 

der Waals interactions contributed to additional stabilization with 

surrounding residues like GLY 461, ASN 839, MET 48, PRO 154, VAL 

155. The interaction pattern indicates that Fluperlapin is likely 

positioned near the molybdenum cofactor site, where xanthine 

conversion to uric acid takes place, suggesting possible inhibition of 

enzyme catalysis. The findings of this current study were in 

concordance with the previous report.31 Figure 9 displays the molecular 

interaction between Celecoxib (CID: 2662) and cyclooxygenase-2 

(COX-2, PDB ID: 5W58) using 3D and 2D models. In the 3-

dimensional structure (left), Celecoxib is observed binding strongly 

within the COX-2 active site pocket, surrounded by structurally  

 

significant residues such as HIS 133, TYR136, ALA156, ASP157, and 

GLN461. The active site adopts a deep, hydrophobic groove composed 

of α-helices, β-sheets, and loops, which provide a favorable 

environment for the ligand. The 2-dimensional interaction (right) 

highlights the  

6 Hydroxyacetopherone 7469 -6.2 -6.4 -5.9 

7 Salicylaldehyde 6998 -5.9 -5.8 -5.3 

8 (3',4',5'-Trihydroxy phenyl)-gamma Valerolactone 92850118 -7.5 -6.8 -7.4 

9 Phenylacetonitrile 8794 -5.7 -5.4 -5.7 

10 Methylbenzaldehyde 12105 -6.0 -5.8 -5.6 

11 Sterebin D 14396288 -6.6 -7.0 -7.3 

12 3-oxo-3-phenylpropanoate 9543196 -6.6 -6.8 -6.7 

13 Stigmatellin Y 5282078 -7.6 -7.7 -8.1 

14 Fluperlapin 49381 -8.6 -7.3 -9.9 

15 N-phenylacetyl aspartic acid 13958181 -6.4 -6.4 -7.5 

16 7-hydroxy-2',4',5' trimethoxyisoflavone 15337591 -8.5 -7.1 -8.7 

17 Hexanol arabinosyl glucoside 131751182 -7.9 -6.7 -7.4 

18 

Alpha-(p-methoxy phenyl)-6-methyl-2- pyridineacrylic acid 

6300471 -8.3 -7.5 -7.8 

19 Auxin a 92772 -7.7 -6.2 -8.3 

20 Valiolone 443630 -5.8 -6.4 -6.5 

S/N Standard Inhibitor 
    

1 Celecoxib 2662 -8.5 
  

2 Licofelone 133021  -7.9  

3 Allopurinol 135401907   -5.8 
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Figure 5: Chromatogram of identified compounds from PRF of SB

 
 

 

Figure 6: Molecular interaction of amino acids residues of COX-2 (PDB ID: 5W58) with Methyl 

picraquassioside A (CID: 853631337), 3D left, 2D right 
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Figure 7: Molecular interaction of amino acids residues of 5-LOX (PDB ID: 3O8Y) with 

Stigmatellin Y (CID:5282078), 3D left, 2D right 
 

 

 

Figure 8: Molecular interaction of amino acids residues of OX (PDB ID: 1FIQ) with 

Fluperlapin (CID: 49381), 3D left, 2D right 
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Figure 9: Molecular interaction of amino acids residues of COX-2 (PDB ID: 5W58) with 

Celecoxib (CID: 2662), 3D left, 2D right 
 

 

Figure 10: Molecular interaction of amino acids residues of 5-LOX (PDB ID: 3O8Y) with 

Licofelone (CID: 133021), 3D left, 2D right 
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Figure 11: Molecular interaction of amino acids residues of OX (PDB ID: 1FIQ) with Allopurinol (CID: 

135401907), 3D left, 2D right. 

 
following non-covalent interactions: Van der Waals interactions with 

residues VAL 132, SER 38, ASN 157, GLY 164, carbon hydrogen 

bonding with GLN461 and PRO 153, π–alkyl interactions involving 

VAL155 and PRO154, π–sigma and amide–π stacking interactions 

with ALA158 and PRO154, π–sulfur interaction with CYS 37 and 

CYS 37, Halogen (fluorine) bonding contributing to added specificity. 

These diverse interactions, particularly the sulfonamide-linked π–

sulfur and amide–π stacking, are essential for the selective inhibition 

of COX-2. The structure of COX-2 accommodates Celecoxib’s side 

chains in a manner not possible in COX-1, thereby explaining its 

reduced gastrointestinal toxicity and COX-2 specificity. This binding 

mode aligns well with previous structural and pharmacological 

evidence supporting Celecoxib's role as a selective non-steroidal anti-

inflammatory drug (NSAID).32,33 Also, Figure 10 shows the summary 

of the molecular docking interaction between Licofelone (CID: 

133021) and 5-lipoxygenase (5-LOX, PDB ID: 3O8Y). The 3D model 

reveals that Licofelone is deeply embedded within the binding cavity 

of 5-LOX, where it establishes significant interactions with key amino 

acid residues such as LEU 443, PHE 286, TYR 366 and ILE 365. 

These residues are spatially aligned to stabilize the Licofelone through 

various non-covalent interactions. In the 2D interaction, the following 

binding features were observed: Van der Waals interactions with 

residues including VAL 284, LEU 443, ASP 442, ARG 438, GLU 

287, LEU 289, PHE 286, THR 366 and VAL 284, carbon hydrogen 

bonds with ARG 370 and ALA 439, which are critical for licofelone 

stabilization within the hydrophobic core, π–alkyl with LEU 288 and 

alkyl interactions with VAL 361 and VAL 243, further enhancing its 

binding strength. The result of this study supported the inhibitory 

activity of licofelone against 5-LOX evaluated during a clinical trial.34 

Figure 11 explains the molecular docking interaction of allopurinol 

(CID: 135401907) with xanthine oxidase (OX), using the crystal 

structure with PDB ID: 1FIQ. The left structure shows the three-

dimensional (3D) binding orientation of allopurinol within the active 

site pocket of the protein, while the right structure depicts a two-

dimensional (2D) schematic of specific amino acid interactions. The 

3D model highlights the molecular environment surrounding the 

active site of XO. Allopurinol is shown docked firmly within the 

enzyme's binding pocket, surrounded by key residues that facilitate 

stable interactions. In the 2D interaction model (Figure 6, right), 

several non-covalent interactions are observed between allopurinol 

and the surrounding amino acids. Notably, conventional hydrogen 

bonds are formed with ASN 261, VAL 259, LEU 257, GLY 350, 

THR354 and carbon hydrogen interaction with ILE 264, which play 

critical roles in stabilizing the Allopurinol within the active site. 

Additional van der Waals interactions are observed with ILE 256, 

VAL 258, GLY 260, SER 347, ALA 346, THR 262, and GLU 263. 

These interactions collectively contribute to the binding affinity and 

specificity of allopurinol for xanthine oxidase. The nature and number 

of interactions suggest a strong binding affinity of allopurinol to 

xanthine oxidase, consistent with its known pharmacological role as a 

xanthine oxidase inhibitor.35This mechanism underlies its clinical 

application in the treatment of hyperuricemia and gout, where it 

effectively reduces the production of uric acid by inhibiting the 

oxidation of hypoxanthine and xanthine.35
 

 

Conclusion 
 

This study concluded that the PRF of SB leaf possesses bioactive 

phytoconstituents with significant anti-inflammatory activities. 

Fluperlapin, Stigmatellin Y and Methyl picraquassioside A 

fingerprinted in PRF may serve as promising natural alternatives for 

the management of inflammatory related diseases. These findings 

suggest that SB leaf could be a potent natural source of anti-

inflammatory agents and may provide a therapeutic foundation for 

developing plant-based remedies. Further research should be 

conducted on the isolation and structural elucidation of the 

compounds identified in PRF. This will enhance the confirmation of 

their chemical identities and enable more precise pharmacological 

evaluation. Additionally, in vivo studies are recommended to unravel 

the exact molecular mechanisms underlying the anti-inflammatory 

activities of these compounds with a strong focus on COX-2, XO and 

5-LOX. 
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