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A B S T R A C T   

Magnolia champaca Linn. has traditionally been used for medicinal activity in Asia for treating 
various chronic diseases as well as a source of food, medicines, and other commodities. Due to the 
long-used history of this plant, the present study was designed to explore the in vitro, in vivo and in 
silico anti-inflammatory and antineoplastic properties of the methanolic extract and fractions and 
the pure compound isolated from the most active chloroform fraction (CHF) of the stem bark of 
the plant. The isolated compound from the most active CHF was characterized and identified as a 
glycoside, trans-syringin, through chromatographic and spectroscopic (1H-NMR and 13C-NMR) 
analyses. In the in vitro anti-inflammatory assay, CHF was most effective in inhibiting inflam-
mation and hemolysis of RBCs by 73.91 ± 1.70% and 75.92 ± 0.14%, respectively, induced by 
heat and hypotonicity compared to standard acetylsalicylic acid. In the egg albumin denaturation 
assay, CME and CHF showed the highest inhibition by 56.25 ± 0.82% and 65.82 ± 3.52%, 
respectively, contrasted with acetylsalicylic acid by 80.14 ± 2.44%. In an in vivo anti- 
inflammatory assay, statistically significant (p < 0.05) decreases in the parameters of inflam-
mation, such as paw edema, leukocyte migration and vascular permeability, were recorded in a 
dose-dependent manner in the treated groups. In the antineoplastic assay, 45.26 ± 2.24% and 
68.31 ± 3.26% inhibition of tumor cell growth for pure compound were observed compared to 
73.26 ± 3.41% for standard vincristine. Apoptotic morphologic alterations, such as membrane 
and nuclear condensation and fragmentation, were also found in EAC cells after treatment with 
the isolated bioactive pure compound. Such treatment also reversed the increased WBC count and 
decreased RBC count to normal values compared to the untreated EAC cell-bearing mice and the 
standard vincristine-treated mice. Subsequently, in silico molecular docking studies substantiated 
the current findings, and the isolated pure compound and standard vincristine exhibited − 6.4 
kcal/mol and − 7.3 kcal/mol binding affinities with topoisomerase-II. Additionally, isolated pure 
compound and standard diclofenac showed − 8.2 kcal/mol and − 7.6 kcal/mol binding affinities 
with the COX-2 enzyme, respectively. The analysis of this research suggests that the isolated 
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bioactive pure compound possesses moderate to potent anti-inflammatory and antineoplastic 
activity and justifies the traditional uses of the stem bark of M. champaca. However, further in-
vestigations are necessary to analyze its bioactivity, proper mechanism of action and clinical trials 
for the revelation of new drug formulations.   

1. Introduction 

Inflammation is mainly mediated by reactive chemical species to protect cells from harmful and injurious stimuli and to accelerate 
the healing process [1]. However, inflammation of cellular components, such as the cell membrane, mitochondria, and DNA, can 
contribute to the pathogenesis of several chronic diseases, such as neurodegenerative disorders, including memory impairment, 
Alzheimer’s disease, Parkinson’s disease, dementia and other diseases, including cancer, diabetes, aging and cardiovascular diseases 
[2,3]. Therefore, several studies have focused on the development of different drugs to combat inflammatory damage to cellular 
components, but the effectiveness and side effects of the existing drugs are still major concerns [4]. Proteins play a critical role in 
maintaining the structural and functional integrity of cells and their intracellular components. When proteins undergo denaturation, 
they lose their native conformation, and this structural alteration is closely linked to the initiation and perpetuation of inflammation 
[5]. Inflammation often leads to the release of enzymes such as phospholipase A2, which can degrade cell membranes by breaking 
down phospholipids. Consequently, cellular contents are released, leading to tissue damage and inflammation. Inhibition of protein 
denaturation is a key indicator of anti-inflammatory potential. Membrane stabilization assays are employed to assess the ability of a 
substance to protect and stabilize cell membranes. The egg albumin denaturation assay is used to evaluate the ability of compounds to 
inhibit the denaturation of proteins. Therefore, compounds or drugs that demonstrate the ability to inhibit protein denaturation are 
considered potentially valuable for their anti-inflammatory activity. 

Another potential health issue for people around the world is neoplasm or cancer, which is responsible for approximately 10 million 
deaths per year and is one of the major causes of human death [6]. Neoplasm is mainly due to damage to the genetic sequence in the 
cell by reactive species that results in the uncontrolled proliferation of cells [7]. Reactive species can be formed in the body by 
nonenzymatic reactions of oxygen with organic compounds as well as by ionizing reactions [8]. Neutralization of reactive oxygen or 
hydrogen species by compounds with antioxidant properties is well known to protect cellular components and prevent chronic diseases 
such as neoplasms or cancer [9]. Researchers have found thousands of compounds to combat such damage and diseases, but the 
scarcity of safe, effective and target-specific therapies is the prime reason for the failure of cancer treatment, which contributes to such 
a large number of deaths [10–12]. Therefore, the search for any potential compound that will be safe and effective in cancer treatment 
is still a major focus of biological research. 

Nature is always the predominant source of compounds used in therapies and has long been investigated by the scientific com-
munity [11,13]. Magnolia champaca Linn. is used in Asian countries as a traditional medicinal plant that belongs to the Magnoliaceae 
family and has been used for the treatment and cure of several diseases, such as diarrhea, common cold symptoms, hypertension, 
gastric disorder and dyspepsia, fever, rheumatism and pain, abscesses and infections, dysmenorrhea and inflammation [14,15]. The 
plant has been investigated by researchers, especially the bark, for its antioxidant, antimicrobial, and hypoglycemic activities [16], but 
no significant study has evaluated the anti-inflammatory or antineoplastic potential of the stem bark part of the plant, nor has any 
active compound responsible for such activity been reported from the plant part. 

Molecular docking is an efficient and cost-effective approach for developing and testing pharmaceuticals. It is a crucial tool in 
characterizing the interactions between plant phytochemicals (ligand molecules) and various proteins (receptors or target molecules) 
at an atomic level to determine the binding potential of ligands at target binding sites. The ligands identified by molecular docking can 
be used for further drug development. In a recent study, topoisomerase II was used as the target protein for antineoplastic studies, 
while cox2 was used for anti-inflammatory studies [17]. 

The objective of this study was to investigate the anti-inflammatory properties of the methanolic extract and fractions of stem bark 
using an in vitro method. The study also aimed to identify the active compound responsible for the anti-inflammatory activity by 
performing chromatographic analysis (TLC, column chromatography and NMR) and evaluating its effectiveness against inflammation 
and cancer. Additionally, the study included in silico molecular docking to determine the binding capacity of the active compound 
with its receptor molecules, which could lead to the development of new drug formulations. 

2. Materials and methods 

2.1. Chemicals and reagents 

DAPI (4,6-diamidino-2-phenylindole), trypan blue, acetyl salicylic acid, disodium hydrogen phosphate, sodium chloride, iodine, 
vanillin, sulfuric acid, vincristine, sodium oxalate, carrageenan, diclofenac sodium, EDTA, Evans blue and acetic acid were purchased 
from Sigma‒Aldrich, MO, USA. Methanol, ethyl acetate, chloroform, n-hexane, acetone and sodium phosphate were purchased from 
Merck, India. The other chemicals and reagents needed in the experiments were of analytical grade and purchased from Sigma–Aldrich 
and Roche. 
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2.2. Plant material, preparation of the extract and methodology flow diagram 

M. champaca stem bark was collected from the University of Rajshahi campus in November 2018. The plant was authenticated by 
the Bangladesh National Herbarium, Dhaka authority, and the DACB accession number was 48087. The collected stem bark was 
washed with clean water, sun dried for seven to ten days and then kept in an electric oven for 72 h at 40 ◦C. After drying, the dried 
materials were ground into coarse powder with a grinding machine (FFC15, China), extracted by shaking with methanol (methyl 
alcohol) and sequentially fractionated with n-hexane, chloroform, and ethyl acetate (ester). The resultant fractions, such as the n- 
hexane fraction (NHF), chloroform fraction (CHF), ethyl acetate fraction (EAF) and aqueous fraction (AQF), were used for further 
investigation. The overall methodology flow diagram is shown in Fig. 1. 

2.3. Evaluation of in vitro anti-inflammatory activity 

The anti-inflammatory activities of crude methanolic extract (CME) and its fractions were assayed by the human red blood cell 
(HRBC) membrane stabilization method and inhibition of egg albumin denaturation assay. 

2.3.1. Membrane stabilization method 
The membrane-stabilizing activity was determined as described by Anosike et al., 2012 and G. Leelaprakash et al., 2011 [18,19]. 

Stabilization of HRBC by heat- or hypotonicity-induced membrane lysis was performed by the following two methods. 

2.3.1.1. Hypotonicity-induced hemolysis of HRBC membranes. Blood samples were withdrawn from a healthy human volunteer who 
had not taken any NSAIDs for 14 days before the experiment and centrifuged at 700×g for 5 min, and the supernatant was removed. 
The packed blood corpuscles (cells) were washed with iso-saline, and a suspension (10%) was made. Isotonic solutions (in PBS) of CME 
and different fractions of 100, 200, 300, 400 and 500 μg/mL concentrations were separately mixed with 2 mL hyposaline solution 
(0.36%) and 0.5 mL HRBC suspension. The mixtures were incubated for 10 min at room temperature and centrifuged for 5 min at 2800 
g, and the absorbance of the supernatant was measured at 540 nm using a spectrophotometer. The reference standard was acetyl 
salicylic acid (ASA) at concentrations of 100, 200, 300, 400, and 500 μg/mL. The HRBC membrane stabilization or protection per-
centage was calculated by the following formula (i): 

Inhibitionofhemolysis(%)= 100 ×

(

1-
OD2− OD1
OD3− OD1

)

(i)  

where OD1 = test sample in isotonic solution, OD2 = test sample hypotonic solution, and OD3 = control sample in hypotonic solution. 

2.3.1.2. Heat-induced hemolysis of the HRBC membrane. The assay mixture comprised 1 mL of test sample (CME/fractions/acetyl 
salicylic acid as standard) at 100, 200, 300, 400 and 500 μg/mL concentrations in isotonic PBS and 1 mL of 10% RBC suspension. The 
reaction mixtures were then incubated at 54 ◦C for 20 min in a water bath and centrifuged for 5 min at 2800 g, and the absorbance of 
the supernatant was measured using a spectrophotometer at 540 nm. The percent inhibition of hemolysis was calculated according to 
the following equation: 

Inhibitionofhemolysis(%)= 100 ×

(

1-
OD2− OD1
OD3− OD1

)

(ii)  

where OD1 = unheated test sample, OD2 = heated test sample, and OD3 = heated control sample. 

Fig. 1. Methodology flow diagram.  
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2.3.2. Egg albumin denaturation assay 
To evaluate the inhibition of egg albumin denaturation, a reaction mixture of 5 mL consisting of 0.2 mL of egg albumin (from fresh 

hen’s egg) and 2.8 mL of phosphate buffer saline (PBS, pH 6.4) including 2 mL of CME/fraction solutions of different concentrations 
(100, 200 and 400 μg/mL) in isotonic PBS was prepared. Distilled water with a similar volume was used as a control. The reaction 
mixtures were then incubated at 37 ◦C in an incubator for 15 min followed by heating at 70 ◦C for 5 min. The absorbance was measured 
after cooling by using a spectrophotometer at 660 nm. Acetyl salicylic acid (ASA) was used as a reference standard drug at concen-
trations of 100, 200 and 400 μg/mL and treated similarly for absorbance determination. The inhibition percentage of hemolysis was 
enumerated according to the equation [20]. 

Inhibitionofhemolysis(%)= 100 ×

(

1-
OD2− OD1
OD3− OD1

)

(iii)  

where OD1 = test sample in isotonic solution, OD2 = test sample hypotonic solution, and OD3 = control sample in hypotonic solution. 

2.4. Compound isolation and characterization by chromatographic techniques 

In the in vitro anti-inflammatory assay, CHF had more influential activity than the other fractions, and the TLC assay conjointly 
exhibited some distinct and outstanding spots. As a result, later bioactive compound isolation and purification was targeted at CHF. 
CHF was then subjected to column chromatography packed with 70–230 mesh silica gel. The solvent system was chloroform:methanol 
(3:1). A total of 262 fractions (test tubes with elute) were collected. Fractions 66 to 98 were combined due to similar spots on TLC 
under UV, iodine vapor and vanillin sulfuric acid spray reagents, and the solvent of the respective band was evaporated under reduced 
pressure to afford the compound (347.8 mg, Rf = 0.4) as colorless needle-like crystals. The compound was dissolved in methanol for 
analysis. The isolated compound structure was elucidated from 1H- and 13C-NMR spectra data and by comparison with reports in the 
literature [21]. The spectrum of the isolated pure compound was recorded on a Jeol-Ex at 400 MHz and 100 MHz and on FT NMR 
spectrometers, and methanol was the solvent. 

2.5. Evaluation of the in vivo anti-inflammatory activity of the pure compound 

2.5.1. Ethics of experimentation 
Male Swiss albino mice of 21–28 days of age, weighing 25–30 g, were collected from the animal research branch of the Department 

of Pharmacy, Jahangirnagar University, Dhaka, Bangladesh. After the collection of mice, they were kept in standard and proper 
laboratory conditions and fed a commercially available pellet diet and normal clean water. The in vivo experiments were conducted 
based on the animal ethics guidelines of the Institute of Biological Sciences, University of Rajshahi, Bangladesh (Ethical Approval No: 
124/320/IAMEBBC/IBSc, Date: 08 July 2019). 

2.5.2. Acute toxicity study 
The acute toxicity study of the isolated pure compound was carried out according to Chinedu et al., 2013 [22] with slight mod-

ifications to define the range of lethal doses as well as safe doses for the compound. To carry out the test, 18 Swiss albino male mice 
were used that were starved of food for 18 h but allowed access to water, and they were divided into 6 groups of 3 mice each and 
treated intraperitoneally with the isolated pure compound at various doses, such as 10, 25, 50, 100 and 200 mg/kg body weight. After 
the treatment, the mice were observed for dullness, nervousness, incoordination and/or mortality for 24 h. Based on the preliminary 
acute toxicity testing results, the doses of the isolated pure compound for further studies were concluded to be 25 and 50 mg/kg 
bodyweight of the mice. 

2.5.3. Carrageenan induced hind paw edema in mice 
In this study, 20 Swiss albino male mice were used, and they were classified into four groups. Each group contained five mice (N =

5). They (mice) were starved nightlong with free access to drinking water after the experiment. At the time of the experiment, baseline 
mouse paw volumes were recorded. Then, each group was intraperitoneally administered 0.9% normal saline, diclofenac-Na (50 mg/ 
kg), and various doses of the pure compound (25, 50 mg/kg) as the control, reference, and test groups, respectively. After 60 min of 
administration of the sample, paw edema of mice was induced by subplantar administration of 1% carrageenan (0.1 mL) in normal 
saline into the right hind paw of the mice. After that, the paw volume increase was measured at 1, 2, 3, 4, 5 and 6 h post carrageenan 
administration. The mean hind paw swelling of the treated group mice was compared with that of the untreated control group mice. 
The inhibition of paw edema formation as a percentage was determined by the following formula [23]: 

% Inhibition= 100 ×
(A − B)

A
(iv)  

where A = carrageenan alone-treated group paw volume and B = tested group paw volume. 

2.5.4. Carrageenan-induced peritonitis in mice 
Peritonitis in mice was induced by the technique described in Gupta et al. [23] with slight modification. Twenty male Swiss albino 

mice (25–30 g) were randomly assigned into 4 groups, where group-1 was treated with vehicle (control), groups-2 and 3 with isolated 
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compound (25 and 50 mg/kg) and group-4 with diclofenac-Na (50 mg/kg). Treatments were given intraperitoneally. Carrageenan 
(0.25 mL, 1% in saline) was injected intraperitoneally 1 h later, and after 4 h, the animals were sacrificed with anesthesia, and the 
peritoneal cavity was washed with 3 mL of PBS containing 0.5 mL of 10% EDTA. A Neubauer chamber was used to determine the total 
WBC count, and microscopic counting was used to determine the differential cell count (Alves, 2009). The leukocyte migration in-
hibition percentage was calculated by this equation: 

PercentageinhibitionofWBCmigration= 100 ×

(

1-
T
C

)

(v)  

where T = WBC counts of the treated group and C = WBC counts of the control group. 

2.5.5. Vascular permeability test in mice 
This experiment is based on the IV injection of Evans blue (a dye) in a mouse model (test animal), where Evans blue binds with 

albumin, a simple protein. The activity of the isolated pure compound on acetic acid-induced mouse vascular permeability was 
evaluated by the method described by Zhao with some modifications [24]. Here, 20 Swiss albino male mice were subjected to four 
groups of 5 mice each used for the test, and group-1 was treated with vehicle (control), groups-2 and 3 with isolated compounds (25 
and 50 mg/kg) and group-4 with diclofenac-Na (50 mg/kg). Prior to the experiment, the animals were starved for 10 h, and then varied 
doses of the compound and drug as stated above were administered intraperitoneally (IP). After 2 h, each animal was given a 0.2 mL IV 
injection of 1% Evans blue solution. Vascular permeability was induced half an hour afterwards by IP injection of 0.3 mL of 0.6% acetic 
acid (1 mL/100 g). After 20 min, the animals were sacrificed, and their peritoneum was washed with 5 mL of normal saline. The 
collected peritoneal fluid was centrifuged, the absorbance of the supernatant was measured using a spectrophotometer at 610 nm, and 
the percent inhibition of vascular permeability was enumerated by the equation stated below: 

% Inhibition of vascular permeability= [(A0-A1) /A0]×100 (vi)  

where A0 = absorbance of the control. A1 = Absorbance of compound/reference standard. 

2.5.6. Extraction of Evans blue from the mouse liver 
After sacrificing the mice through cervical dislocation, the livers were collected and weighed. Then, the collected livers were 

washed with normal PBS and placed in 2 mL scientific specimen jars. Then, 500 μL of normal saline was added to each tissue sample 
(liver) jar. Then, all specimen jars were incubated at 55 ◦C for 24–48 h to extravasate Evans blue from the liver. The normal saline/ 
Evans blue mixed solutions were centrifuged for 10 min at 1792 g to pellet any residual liver tissue fragments. Then, the supernatant 
absorbance was measured at 610 nm. Finally, the amount of extravasated Evans blue (per mg tissue) was determined from the Evans 
blue standard curve [25]. 

2.6. Evaluation of in vivo antineoplastic activity 

2.6.1. Animal model 
Swiss albino male mice aged 21–28 days and weighing 25–30 g were collected from the animal house of the Department of 

Pharmacy, Jahangirnagar University, Dhaka, Bangladesh. They were kept under standard laboratory conditions of temperature 22–28 
◦C and humidity 55% with 12 h day-night cycles, and their diet was standard dry pellets and clean water. 

2.6.2. Tumor model of the experiment 
The Ehrlich ascites carcinoma (transplantable tumor) used in this experiment was collected from the Department of Biochemistry 

and Molecular Biology, University of Rajshahi, Bangladesh. Here, for tumor aspiration, a 5 mL syringe fitted with a 20-gauge needle 
was used. Normal saline was used for dilution of freshly drawn fluid, and a hemocytometer was used for counting the number of tumor 
cells, which was adjusted to approximately 3 × 106 cells/mL. The viability of EAC cells was examined by a 0.4% trypan blue dye 
exclusion assay. For transplantation, the cell sample used showed above 90% viability. A 0.1 mL tumor suspension was intraperito-
neally injected into each mouse. Throughout the transplantation process, strict aseptic conditions were maintained [26]. 

2.6.3. Collection of EAC cells 
Ehrlich’s ascites carcinoma (EAC) cells collected from donor Swiss albino male mice weighing 25–30 g were suspended in sterile 

isotonic saline. As described in the above experimental method, a fixed number of viable EAC cells (usually 1.5 × 106 cells/mL) were 
then implanted into the peritoneal cavity of each recipient mouse as a control. On the sixth day, the mice were sacrificed, and the 
intraperitoneal tumor (EAC) cells were harvested with normal saline. 

2.6.4. Antineoplastic activity of the isolated compound 
EAC is a rapidly growing experimental tumor with very aggressive behavior and resembles human tumors. In cancerous mice, the 

number of EAC cells and WBCs grow very rapidly, while RBC count and Hb content are reduced due to iron deficiency or hemolytic or 
myelopathic conditions. Anticancer agents return these altered parameters to normal values [27,28]. The antineoplastic activity (in 
vivo) of the isolated compound was examined by measuring the effect on tumor cell growth, hematological parameters of mice bearing 
EAC cells and morphological changes in EAC cells [29]. 
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2.6.4.1. Studies on the growth inhibition of EAC cells. Four groups of Swiss albino male mice weighing 25–30 g were used to determine 
the EAC cell growth inhibition properties of the compound. Each group contained 6 mice. To assess the therapeutic evaluation of the 
sample, 1.6 × 106 tumor cells (EAC) were inoculated into each mouse group on day zero. Twenty-four hours after tumor inoculation, 
treatments were started and continued for five days. In brief, the mice in group 1 were considered untreated EAC controls, groups 2 and 
3 received isolated compounds at 25 and 50 mg/kg/per day doses, respectively, and group 4 received the standard drug vincristine via 
intraperitoneal injection. On day six, each group of mice was sacrificed, and the total intraperitoneal tumor cells were harvested with 
normal saline (0.98%). First, the viable cells were identified with trypan blue and then counted with the help of a hemocytometer 
under an inverted microscope (XDS-1R, Optika, and Bergamo, Italy). 

2.6.4.2. Studies on morphological changes in EAC cells. Normal EAC cells are approximately round and regular in shape. After treat-
ment, apoptotic morphologic alterations, such as membrane and nuclear condensation or fragmentation, were observed. To examine 
the morphological appearances of tumor (EAC) cells, DAPI (4,6-diamidino-2-phenylindole) was used. The cells were collected from 
nontreated EAC-bearing mice and mice treated with isolated compounds (25 and 50 mg/kg/day) for 7 days and then stained with 
DAPI. Finally, the cells were observed under a fluorescence microscope, and images were taken. Both optical and fluorescent views 
were observed. 

2.6.4.3. Studies on mouse hematological parameters. To evaluate the effects of the isolated compound on the hematological parameters 
of tumor-bearing mice, a comparison among five groups (N = 6) of mice was made on the 12th day after inoculation. EAC cells (0.1 mL 
of 1.6 × 106 cells/mice) were injected intraperitoneally into all the groups except the normal group (group-1) on day zero. Twenty-four 
hours after tumor inoculation, normal saline (5 mL/kg/mouse/day) was intraperitoneally administered to normal (group-1) and EAC 
control (group-2) mice for ten days. The isolated compounds at doses of 25 and 50 mg/kg/mouse/day were injected into group-3 and 
group-4, respectively, and group-5 received treatment with vincristine as a standard. On the 12th day after treatment, hematological 
parameters, including hemoglobin, RBCs and WBCs, were measured from blood collected from the tail vein of each mouse in each 
group, and hematological parameters were measured by following previously described methods with modifications [30]. 

2.6.4.4. Measurement of hemoglobin (Hb). The hemoglobin (Hb) content was measured using Shali’s hemometer. Twenty microliters 
of noncoagulating blood was placed in a hemometer cuvette (tube) containing a small amount of N/10 HCl. Some distilled water was 
added and stirred continuously until a good color match was observed. The final reading of the solution in the cuvette was noted, and 
finally, the hemoglobin content (g/dL) was calculated from the cuvette reading. 

2.6.4.5. Total WBC count. Exactly 10 μL of blood (noncoagulating) was drawn by a micropipette, diluted with 1 mL of WBC counting 
fluid and mixed gently and properly. The prepared mixture was observed using a hemocytometer, the number of WBCs was counted 
under a microscope, and the dilution factor was 100. Finally, the total WBC/mL was calculated. 

2.6.4.6. Total count of RBCs. Exactly 10 μL of blood (noncoagulating) was drawn by a micropipette and diluted 1000 times with RBC 
counting fluid. Finally, similar to the WBC counting technique, total RBCs were counted with a hemocytometer. 

2.7. Retrieval and preparation of receptor proteins and ligands 

Two proteins, topoisomerase-II for anticancer activity and cyclooxygenase-2 (Cox-2) for anti-inflammatory activity, were selected 
for molecular docking with the isolated compound. The three-dimensional (3D) structures of these proteins were downloaded from the 
RCSB Protein Data Bank (PDB) in.pdb format (https://www.rcsb.org/; accessed on 22 June 2023). AutoDock Vina, Vina Wizard, and 
Open Babel of PyRx virtual screening software [31] were used for the docking studies. The docking output expressed in binding 
affinity/energy (kcal/mol) shows the interaction energy between the protein and the ligands/drug compounds. The water molecules 
and heteroatoms from the downloaded proteins were deleted, and polar hydrogen atoms were added using Biovia Discovery Studio 
software 2021 (v21.1.0.20,298). Then, each protein was loaded in PyRx software to convert the PDB structure of the prepared 
macromolecules to PDBQT format. The structures of trans-syringin were retrieved as an SDF file from the PubChem database (https:// 
pubchem.ncbi.nlm.nih.gov) [32]. The file was converted to PDB format with the help of Open Babel software (http://openbabel.org) 
[33]. To carry out molecular docking, the ligand was optimized, energy minimization was performed, and the pdbqt file was con-
structed with the help of the Autodock tool (ADT). The ligand trans-syringin was imported into PyRx, and the open Babel energy was 
minimized and converted to PDBQT format. Then, Vina wizard was run, the ligand and proteins were selected, and the grid box was 
constructed specifying the X, Y and Z coordinates of the macromolecule. Protein–ligand interactions were visualized using Discovery 
Studio to further understand the amino acids and the kinds of bonds interacting in the binding sites. 

2.8. Statistical analysis 

All data are presented as the mean ± standard deviation (SD). Statistical analysis and calculation were performed with one-way 
ANOVA (analysis of variance) followed by Dunnett’s ‘t’ test using IBM-SPSS/20 and GraphPad Prism 8. P < 0.05 was recom-
mended to indicate that the data were statistically significant. 
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3. Results 

3.1. Evaluation of in vitro anti-inflammatory activity 

3.1.1. HRBC membrane stabilization capacity 

3.1.1.1. Heat-induced hemolysis of the HRBC membrane. The results (shown in Fig. 2) of the anti-inflammatory activity of CME and 
different fractions at various concentrations protected the human RBC membrane against heat-induced lysis, as shown by the high 
percentage inhibition of RBC membrane hemolysis. At a concentration of 300 μg/mL, CME, NHF, CHF, EAF, and AQF exhibited 33.17 
± 1.56%, 16.08 ± 0.98%, 50.75 ± 1.05%, 35.11 ± 0.70% and 22.31 ± 4.52% inhibition of HRBC hemolysis, respectively, compared 
with 61.54 ± 2.69% inhibition produced by the same concentration of standard acetyl salicylic acid (ASA). At 500 μg/mL (higher) 
concentration, CME, NHF, CHF, EAF, and AQF exhibited 51.29 ± 0.98%, 38.8 ± 1.06%, 73.91 ± 1.70%, 59.15 ± 0.98% and 40.98 ±
3.39% inhibition of HRBC hemolysis, respectively, compared with 84.34 ± 0.67% inhibition produced by the same concentration of 
standard ASA. The results obtained in this experiment indicated a greater response of CHF than EAF, CME, AQF, and NHF at all 
concentrations and lower than the standard. 

3.1.1.2. Hypotonicity-induced hemolysis of HRBC membranes. The results (shown in Fig. 3) of the hypotonicity-induced hemolysis assay 
showed that CME and different fractions significantly inhibited lysis induced by vehicle. Hemolysis inhibition was dose dependent and 
increased with increasing concentrations of CME/fractions/standard acetyl salicylic acid. At the highest concentration (500 μg/mL), 
CME/fractions showed maximum percent inhibition of hemolysis. Among all the fractions, CHF and EAF showed the highest inhibition 
of hemolysis (75.92 ± 0.14% and 63.59 ± 3.54%, respectively) compared with the standard ASA, whose inhibition was 83.32% at the 
same concentration. The results obtained in this experiment indicated a higher response of CHF and EAF than CME, AQF and NHF at all 
concentrations. 

3.1.2. Egg albumin denaturation assay 
This assay showed that the inhibition of albumin (protein) denaturation by the test samples was concentration dependent 

throughout the range of 100–400 μg/mL, and acetyl salicylic acid was used as the standard drug at the same concentration. The 
inhibitory effect of CME and different fractions of the investigated plant is shown in Fig. 4. Hence, it may be said that the investigated 
CME of plant extract and its fractions may have moderate to potent anti-inflammatory activity. 

3.2. Characterization of the isolated compound 

Fig. 5(a and b) represents the 1H-NMR (MeOD, 400 MHz) and 13C-NMR (MeOD, 125 MHz) data of the isolated pure compound. The 
1H-NMR data of the isolated bioactive pure compound showed a typical singlet integrating two protons pointing at δH 6.75 ppm (H5, 
H9), representing the existence of a symmetric tetra-substituted aromatic ring and another singlet at δH 3.85 ppm (6H) attributable to 
an aromatic ring system with two methoxy groups. The observation of two characteristic doublets at δH 6.54 (1H, J = 15.9 Hz) and δH 
6.34 (overlapped signal, 1H, J = 15.9 Hz) represented the existence of a trans di-substituted double bond directly linked to a methylene 
group with δH 4.23 (overlapped, d, 5.5). The 13C-NMR spectrum showed the famous peak of anomeric carbon C1′ at δC 105.4 ppm and 
five peaks appearing between δC 62.6 ppm and δC 78.3 ppm attributable to C2′, C3′, C4′ and C5′ of a glycopyranose moiety, indicating 
that the isolated pure compound is an aromatic glycoside derivative (Table 1). 

On the basis of the 1H-NMR and 13C-NMR spectra and comparison with syringin (known) derivatives (Fig. 6) [34], the isolated pure 
compound (Sz-01) was identified as hydroxypropenyl dimethoxyphenyl-β-D-glucoside (trans-syringin). 

Fig. 2. Percentage inhibition of heat-induced hemolysis of the HRBC membrane by CME and its fractions.  
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3.3. Evaluation of the in vivo anti-inflammatory activity of the pure compound 

3.3.1. Evaluation of carrageenan-induced mouse hind paw edema 
In all the tested groups of male Swiss albino mice, an increase in hind paw edema was created by administering carrageenan in a 

time-dependent manner, as shown in Table 2. 
After treatment with compound and standard diclofenac-Na, paw edema was decreased at 6 h post carrageenan administration in a 

dose-dependent manner. It was observed that a 50 mg/kg body weight concentration showed maximum anti-inflammatory activity 
(reduction in paw edema). An illustration of this effect is shown in Fig. 11. The inhibition obtained with the isolated pure bioactive 
compound (trans-syringin) was 60.46% and 62.9% for standard diclofenac-Na. 

3.3.2. Evaluation of carrageenan-induced peritonitis in mice 
Carrageenan is responsible for inflammation, and through the induction of peritonitis by carrageenan, it was observed that the 

white blood cell population was significantly increased in the inflammatory exudates and that the WBC count was higher in the 
carrageenan-treated group of mice than in the compound-treated group of mice. Intraperitoneal treatment was carried out with the 
isolated bioactive pure compound (trans-syringin) and standard diclofenac-Na. A significant decrease in WBC count was observed in 
the peritoneal fluid: 36.35 ± 1.38% inhibition for 25 mg/kg body weight, 61.89 ± 1.76% inhibition for 50 mg/kg body weight for 
trans-syringin and 71.52 ± 0.33% inhibition for 50 mg/kg body weight for diclofenac-Na, as shown in Fig. 7. 

3.3.3. Effect of the isolated compound (trans-syringin) on acetic acid-induced vascular permeability 
Vascular permeability is increased during inflammation or any other disease condition and is expressed by the amount of Evans 

blue that is extruded into the peritoneal cavity. The absorbance value of the acetic acid-control group markedly increased after the 
administration of acetic acid to the mice, and treatment with the isolated compound (trans-syringin) (50 mg/kg) significantly pro-
duced an inhibitory effect of 70.24 ± 1.18% compared with 80.02 ± 1.39% inhibition produced by standard diclofenac-Na at the same 
dose (Fig. 8). These data showed that the isolated pure compound (trans-syringin) inhibited vascular permeability induced by acetic 
acid. 

3.3.4. Quantification of Evans blue extravasation from liver tissue 
The absorbance value is used to measure the difference in blood vessel permeability by spectrophotometrically quantifying Evans 

blue, which is calculated per gram of liver tissue. Various concentrations of isolated compound (trans-syringin) and standard show 
various responses to permeability inducer signals and thus show various dye accumulation. At a concentration of 50 mg/kg body 

Fig. 3. Percentage inhibition of hypotonicity-induced hemolysis of the HRBC membrane by crude methanolic extract and fractions.  

Fig. 4. Percentage inhibition of egg albumin denaturation by CME and its fractions.  
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Fig. 5. NMR spectra of trans-syringin (Sz-01); a) 1H-NMR and b) 13C-NMR.  
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Table 1 
1H (400 MHz) and 13C-NMR (125 MHz) spectral data of TS.  

Position δC δH(J in Hz) 

1 63.6 4.3 (Overlapped, d, 5.5) 
2 13.07 6.34 (Overlapped, dd.15.9, 5.5) 
3 131.3 6.54 (d, 15.9) 
4 135.2 – 
5,9 105.3 6.75 (s) 
6,8 154.3 – 
7 – – 
1′ 105.4 4.8 (Overlapped) 
2′ 71.3–78.3 3.0–3.8 (m) 
3′ 71.3–78.3 3.0–3.8 (m) 
4′ 71.3–78.3 3.0–3.8 (m) 
5′ 71.3–78.3 3.0–3.8 (m) 
6′ 62.6 3.64 (dd), 3.77 (dd) 
10,11 (-OCH3) 57.05 3.85 (6H,s)  

Fig. 6. Structure of the isolated compound trans-syringin.  

Table 2 
Inhibitory effect of trans-syringin and diclofenac-Na on carrageenan-induced paw edema in mice.  

Treatment % Inhibition of edema 

1 h 2 h 3 h 4 h 5 h 6 h 

Control – – – – – – 
Trans-Syringin (25 mg/kg) 39.86 ± 0.03 ** 39.75 ± 0.11** 42.69 ± 0.07* 43.33 ± 0.48** 50.36 ± 0.32* 53.81 ± 0.13** 
Trans-Syringin (50 mg/kg) 45.63 ± 0.18 * 47.63 ± 0.97* 51.08 ± 0.08 53.33 ± 0.72* 56.18 ± 0.34** 60.26 ± 0.98 
Diclofenac-Na (50 mg/kg) 54.19 ± 0.01 55.36 ± 0.22 60.64 ± 0.19 61.74 ± 0.47 62 ± 0.04 62.9 ± 0.18 

*p < 0.05, **p < 0.01 compared to the reference standard drug-treated group. Data are expressed as the mean ± SD. Analysis of variance followed by 
Dunnett’s post hoc test (IBM-SPSS/20). 
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Fig. 7. Percentage inhibition of WBC migration by trans-syringin and diclofenac-Na.  
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weight, the compound exhibited the lowest amount of Evans blue, with a value of 0.289 ± 0.02 ng/mg liver tissue, compared with 
0.227 ± 0.03 ng/mg liver tissue produced by standard diclofenac-Na at 50 mg/kg (Fig. 9). 

3.4. Evaluation of in vivo antineoplastic activity 

3.4.1. Studies on EAC cell growth inhibition 
The anticancer effect of the isolated compound (trans-syringin) on EAC cells was assessed in vivo in terms of percent (%) inhibition 

of EAC cell growth after intraperitoneal transplantation, and the average cell count of the untreated control group was (6.337 ± 0.48) x 
107 cells/mL/mice. Treatment with various concentrations of the isolated compound showed a significant reduction in cancer cell 
growth (Table 3). 

At doses of 25 and 50 mg/kg of the compound, the growth inhibition of EAC cells was 45.26% and 68.31%, respectively, compared 
with the mice in the EAC control group (p < 0.05), whereas the standard drug vincristine (6.25 mg/kg) showed 73.26 ± 3.41% 
inhibition. 

3.4.2. Examination of morphological changes in EAC cells 
After continuous treatment for five days, cancer cells were collected from mice in the control and compound (trans-syringin)- 

treated groups, examined by DAPI (4′,6-diamidino-2-phenylindole) staining and viewed under fluorescence and optical microscopy. 
The microscopic view showed that the compound-treated EAC cell nuclei and membrane were fragmented and condensed, as shown in 
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Fig. 8. Inhibitory effect of trans-syringin on vascular permeability compared with that of diclofenac-Na.  
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Fig. 9. Quantitation of Evans blue extravasation from liver tissues in different groups.  

Table 3 
Effect of TS and VCR on Ehrlich ascites carcinoma (EAC) cell growth.  

Group no. Treatment Viable EAC cells on day 6 after inoculation (×107 cells/mL) % cell growth inhibition 

1 EAC cell 6.337 ± 0.48 – 
2 EAC + Trans-Syringin (25 mg/kg) 3.469 ± 0.16* 45.26 ± 2.24* 
3 EAC + Trans-Syringin (50 mg/kg) 2.013 ± 0.24* 68.31 ± 3.26* 
4 EAC + Vincristine (6.25 mg/kg) 2.015 ± 0.18* 73.26 ± 3.41* 

*p < 0.05: Significant difference compared to the EAC control group. Data are expressed as the mean ± SD for six animals in each group. Analysis of 
variance followed by Dunnett’s post hoc test (IBM-SPSS/20). 
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Fig. 10(a–f) and indicated by arrows. These findings showed that the isolated compound treatment could produce apoptosis in tumor 
(EAC) cells. 

3.4.3. Studies on hematological parameters of mice 
The hematological parameters of mice, such as red blood cell (RBC), white blood cell (WBC) and hemoglobin (Hb) content, of the 

Fig. 10. (a, b & c) Fluorescence and (d, e & f) optical microscopic observation of EAC cells for control mice and mice treated with trans-syringin. (a, 
b & c) Fluorescence and (d, e & f) optical microscopic views of EAC cells from control mice and treated mice. (a) Fluorescence microscopic view of 
control mouse EAC cells, (b) fluorescence microscopic view of trans-syringin (25 mg/kg)-treated mouse EAC cells and (c) fluorescence microscopic 
view of trans-syringin (50 mg/kg)-treated mouse EAC cells. (d) Optical microscopic view of control mouse EAC cells, (e) optical microscopic view of 
trans-syringin (25 mg/kg)-treated mouse EAC cells and (f) optical microscopic view of trans-syringin (50 mg/kg)-treated mouse EAC cells. Control 
groups showed normal cells with round-shaped nuclei and are indicated by red and white arrows in (a) and (d), whereas the mice treated with pure 
compound showed condensed nuclei and fragmentation of cells (apoptotic characteristics), as shown in (b) and (e), (c) and (f), indicated by red and 
white arrows for trans-syringin (25 mg/kg) and trans-syringin (50 mg/kg), respectively. 

Fig. 11. An illustration of the anti-inflammatory and antineoplastic activities of pure compounds isolated from the EAF of M. champaca.  
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normal, untreated, and treated groups were examined. The untreated group (EAC + vehicle) showed significant (P < 0.05) changes in 
hematological parameters on day 12 compared to the normal group. In the untreated group, the hemoglobin content and total RBC 
count were found to decrease with an increase in the total WBC count; on the other hand, treatment with the isolated compound (trans- 
syringin) at 25 and 50 mg/kg returned the altered hematological parameters to normal values, which were comparable to those of 
standard vincristine (6.25 mg/kg). The overall data are furnished in Table 4, and an illustration of the antineoplastic activities is shown 
in Fig. 11. 

3.5. Molecular docking analysis 

The results of the molecular docking analysis are shown in Figs. 12 and 13 and are represented in the form of minimum binding 
energy values (Table 5). 

Our results showed that trans-syringin and standard diclofenac sodium interacted with some amino acids of the cox-2 protein with 
binding affinities of -8.2 and -7.6 kcal/mol, respectively (Fig. 13a–d). Since the higher negative docking score represented a high 
binding affinity between the receptor and ligand molecules, showing the higher efficiency of bioactive compounds, the binding ca-
pacity of trans-syringin into the cox-2 binding site is greater than that of standard diclofenac sodium. 

For the topoisomerase II target protein, trans-syringin interacted with a binding affinity of − 6.4 kcal/mol with four conventional H- 
bonds with different amino acids in this complex (Fig. 12c and d). The standard drug vincristine showed a binding affinity of − 7.3 
kcal/mol, showing a conventional H-bond with the TrpA:78 amino acid (Fig. 12a and b). 

4. Discussion 

Medicinal plants are being vastly investigated to combat cancer and inflammatory damage because of growing concerns with acute 
and chronic diseases due to cellular inflammation and carcinogens and the insufficiency of existing therapies to tackle such diseases 
[35]. The capacity of the plant extracts has been tested with extracts from different plant parts as well as compounds isolated from such 
extracts to identify potential lead compounds for drug discovery. The major focus of our study was to investigate the extracts from stem 
bark of M. champaca in protecting cell and cellular components against damage by inflammation as well as to prevent neoplasms that 
can result from damage to genetic materials of the cell. At the same time, identification of the active compound responsible mainly for 
such activity was also important to facilitate further research for drug development because other parts of the plant have been 
investigated against several diseases by researchers with significant findings [36] along with traditional uses. 

Initial experiments with the crude methanolic extracts and fractions evaluated the in vitro anti-inflammatory activity of the stem 
bark and showed a higher response by CHF and EAF along with moderate activity by CME in protecting human RBCs from membrane 
hemolysis and egg albumin from denaturation. This result was very significant because in vitro protection of human red blood cells and 
protein has been extensively used as a method for evaluating anti-inflammatory activity by most of the research [29]. Therefore, the 
most active part (CHF) was selected for further detailed investigation of phytochemical contents and their specific effects in the in vivo 
model. 

Previous phytochemical studies by several researchers as well as some preliminary screening in the present research showed the 
presence of natural compounds, including glycosides, alkaloids, volatile oils, phenolic compounds such as flavonoids, leucoantho-
cyanidins, p-hydroxybenzoic acid, syringic acid, etc. [37], which were assumed to be responsible for the biological activity of the plant 
extract. The current investigation showed the presence of a glycosidic compound named hydroxypropenyl dimethox-
yphenyl-β-D-glucoside (trans-syringin) as a major bioactive compound, which justifies previous assumptions behind the study. 

The evaluation of the isolated compound (trans-syringin) for its capacity to prevent inflammation of cellular components and 
associated diseases such as cancer also showed its potential for investigation because of the significant dose-dependent inhibition of 
several symptoms and parameters of inflammation and cancer by an in vivo method, and the findings were similar to other studies 
carried out on the plant family [38,39]. In the in vivo evaluation, the compound showed dose-dependent inhibition of 
carrageenan-induced symptoms of inflammation, such as the formation of hind paw edema, peritonitis and vascular permeability of 
plasma, which are well-known consequences of cellular inflammation [40]. Such an in vivo effect again justifies the capability of the 
compound to combat inflammation in cells, and the results are significant compared to other potential research findings where similar 
dose-dependent activities were reported [41,42]. 

Investigation of the isolated compound for preventing uncontrolled cell growth in neoplasms was carried out in an EAC cell model, 
and the findings showed considerable activity in inhibiting cell growth as well as improving the hematological parameters toward 
normal values, which suggests the potential of the compound to prevent neoplasms or cancer because not only uncontrolled cell 
growth but also a decrease in RBC or hemoglobin content as well as increased WBC content is the major pathogenesis of neoplasms [6]. 
Several glycosides, including cardiac glycosides such as digoxin and digitoxin, have been reported to exert activity against neoplasms 
and are one of the major plant products under research consideration for chronic diseases along with their cardioprotective activity 
[43]. Therefore, the presence of a glycosidic compound (trans-syringin) in the extract of M. champaca bark also indicates the potential 
of the plant part as a research candidate to combat neoplasms, and the findings of the present research proved such potential. In our in 
vitro or in vivo analysis of the anti-inflammatory and antineoplastic activity of EAC/pure compound showed some good results. 

In this study, for the first time, trans-syringin from this plant was docked with cyclooxygenase-2 and topoisomerase II enzymes to 
determine whether this compound can bind to the active site of these enzymes and inhibit their activity. This docking provides 
supportive evidence that verifies the anti-inflammatory and antineoplastic properties of this compound, as confirmed through in vitro/ 
in vivo experimentation conducted within the framework of this research. Molecular docking is a technique used to discover novel 
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ligands for protein structure and plays an important role in structure-based drug design [44]. Topoisomerase II was targeted here, as it 
is a nuclear enzyme that changes the conformation of DNA and is involved in the separation of chromosomes and, therefore, is essential 
for cell division. All nucleated human cells and tumor cells contain topoisomerases, and the activity of this enzyme is essential for cell 
division because tumor cells divide in an uncontrolled manner. Various studies have proven that topoisomerase inhibitors are 
selectively toxic to tumor cells compared to normal cells and have proven their potential anticancer activity [45,46]. Loss of this 
enzyme’s ability to rejoin DNA strands results in DNA damage and eventually apoptosis or cell death [47]. The isolated compound 

Table 4 
Effect of trans-syringin and vincristine on the blood parameters of tumor-bearing and normal Swiss albino mice.  

Group no. Treatment Hgb (g/dL) RBC (×109 cells/mL) WBC (×106 cells/mL) 

1 Normal 15.46 ± 0.78 6.63 ± 0.23 9.61 ± 0.89 
2 EAC + Vehicle 8.92 ± 0.50* 1.92 ± 0.41* 60.64 ± 3.57* 
3 EAC + Trans-Syringin (25 mg/kg) 11.68 ± 1.19# 2.95 ± 0.19 # 28.23 ± 2.86 # 

4 EAC + Trans-Syringin (50 mg/kg) 13.82 ± 1.15# 4.87 ± 0.54 # 15.48 ± 2.70 # 

5 EAC + Vincristine (6.25 mg/kg) 12.32 ± 1.18# 4.12 ± 0.22 # 14.16 ± 1.97 # 

*p < 0.05 against the normal group and #p < 0.05 against the EAC control group followed by Dunnett’s t post hoc test (IBM-SPSS/20). Data are 
expressed as the mean ± SD for six animals in each group. 

Fig. 12. 3D view (a) and 2D interaction of the vincristine-topoisomerase II complex and 3D view (c) and 2D interaction (d) of the trans-syringin- 
topoisomerase II complex at the binding site. 
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trans-syringin interacted with LysA:322, TrpA:78, and GlnA:325 amino acid residues of the active pocket of topoisomerase-II with a 
Pi–sulfur interaction in the complex (Fig. 12c and d). The standard drug vincristine interacted with topoisomerase-II by binding to 
TrpA:78, PheA:324 and GlnA:326 amino acids; a pi-alkyl interaction was also observed with amino acid LysA:337 of its binding pocket 
(Fig. 12a and b). Inhibiting topoisomerase II can lead to DNA damage and cell death in cancer cells. This is a mechanism used by several 
chemotherapeutic drugs [48,49]. Trans-syringin exhibits a high affinity for topoisomerase II, indicating its potential to effectively 
inhibit the activity of this enzyme. This inhibition can disrupt tumor growth and promote cell death within cancerous tissues, thus 
positioning trans-syringin as a promising candidate for antineoplastic therapy. 

On the other hand, cyclooxygenase-2 (Cox-2) is a crucial enzyme for catalyzing the synthesis of prostaglandins and is targeted for 
the treatment of inflammation. Docking of trans-syringin with Cox-2 revealed interactions with some amino acids having conventional 
H-bonds with CysC:47, GlnC:461, AsnC:39 and AlaC:156 amino acids in the complex (Fig. 13a and b). The standard diclofenac sodium 
(binding affinity of − 7.6 kcal/mol) revealed interactions with AlaC:199, ValC:295 and LeuC:391 amino acids at the binding site of Cox- 

Fig. 13. a) 3D interaction diagram b) 2D interaction diagram of the transsyriginin-Cox2 complex and c) 3D interaction diagram d) 2D interaction 
diagram of the diclofenac-Cox2 complex at the binding site. 

Table 5 
Molecular docking score for the isolated compound with topoisomerase II and Cox-2 receptor proteins.  

Ligand Protein Binding affinity (kcal/mol) Interacting Amino Acids 

Vincristine Topoisomerase II − 7.3 TrpA:78, PheA:324 and GlnA:326 
Trans-Syringin − 6.4 LysA:322, TrpA:78, GlnA:325 
Diclofenac 

Cox-2 
− 7.6 AlaC:199, ValC:295 and LeuC:391 

Trans-Syringin − 8.2 CysC:47, GlnC:461, AsnC:39 and AlaC:156  
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2 (Fig. 13c and d), and a Pi–sigma (LeuC:391) was also observed in the complex. The Pi–sigma interactions (i.e., Pi–alkyl and Pi–sulfur) 
help to intercalate the drug in the binding pocket of the receptor, as they are largely involved in charge transfer. Moreover, the data 
obtained from the docking study align seamlessly with prior research findings on the polyphenolic compound quercetin, which in-
teracts with the Cox-2 protein via several key amino acid residues, such as Cys 47 and Gln 461, and quercetin could be considered a 
selective Cox-2 inhibitor [50]. Similarly, our research extends this understanding by illustrating that trans-syringin also engages in 
interactions with Cox-2, forming hydrogen bonds with CysC:47 and GlnC:461. 

This finding gains significant importance considering the central role played by the Cox-2 enzyme in the synthesis of inflammation- 
inducing prostaglandins. The binding of trans-syringin to Cox-2 implies its potential as an effective inhibitor of Cox-2 activity. 
Consequently, the inhibition of this enzyme can lead to a significant reduction in the production of inflammation-inducing prosta-
glandins, ultimately leading to the attenuation of the inflammatory response. Our findings not only corroborate the existing knowledge 
on Cox-2 inhibition by polyphenolic compounds but also shed light on the therapeutic potential of trans-syringin as a natural agent for 
mitigating inflammation through targeted interactions with Cox-2. This insight may pave the way for the development of novel anti- 
inflammatory treatments that harness the bioactive properties of trans-syringin. The docking analysis reveals how trans-syringin in-
teracts with the active site of Cox-2 and topoisomerase-II, effectively inhibiting its enzymatic function. Since chronic inflammation is 
linked to the development and progression of various diseases, including cancer [51], this inhibition is critical in dampening the 
cascade of inflammatory events, which can contribute to the prevention and treatment of both inflammatory conditions and cancer, 
supporting its anticancer potential. 

5. Conclusion 

Our present investigation has shown that the stem bark extract and its different fractions from M. champaca exhibited in vitro anti- 
inflammatory activity against cellular inflammation, but the chloroform fraction (CHF) was the most predominant fraction to exhibit 
such activity. Further investigation of the CHF resulted in the isolation of a pure compound, which was defined as hydroxypropenyl 
dimethoxyphenyl-β-D-glucoside (trans-syringin). The compound showed potent in vivo anti-inflammatory and antineoplastic activity 
and promising binding affinity toward the two target proteins in molecular docking studies. The docking analysis not only validates the 
anti-inflammatory and antineoplastic properties of trans-syringin but also sheds light on the molecular mechanisms underlying its 
therapeutic effects. This information is invaluable for advancing our understanding of natural compounds such as trans-syringin and 
exploring their potential applications in the development of novel anti-inflammatory and anticancer treatments. Further investigations 
to analyze its bioactivity and clinical trials are necessary for the discovery of new drug formulations. 
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