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A B S T R A C T   

The purpose of the current investigation was to conduct a detailed analysis of the chemical 
components and medicinal properties of the methanolic crude extract derived from the leaves of 
Cassia fistula. This analysis was carried out using both experimental (in vivo) and computational 
(in silico) methods. Eleven chemicals were chromatographically isolated using GC-MS/MS, which 
utilizes a library of NIST and Wiley 2020 versions. FTIR analysis of the extract was performed to 
identify the functional group of the compounds. The glucose-lowering capacity, analgesic, and 
anti-diarrheal activities of methanolic crude extract were analyzed utilizing a well-known oral 
glucose tolerance test, tail immersion method, writhing assay, and castor oil-induced diarrheal 
mice methods, respectively. After 60 min, 120 min, and 180 min of loading the drugs, a signif
icant reduction of blood glucose levels was examined (p < 0.05) in all the extracts of this plant 
(200 mg/kg, 400 mg/kg and 600 mg/kg) utilized in this research at a time-dependent manner. 
Similarly, all the crude extracts showed significant (p < 0.05) effects against pain centrally and 
peripherally compared to the standard drug morphine (2 mg/kg bw) and diclofenac sodium (50 
mg/kg bw). Moreover, the methanol extract (400 mg/kg bw) manifested anti-diarrheal efficacy 
by inhibiting 72.0 % of the diarrheal episode in mice compared to the standard drug loperamide 
(inhibition = 80.0%). The results of the computational investigations corroborated existing in- 
vivo findings. Greater or close to equivalent binding affinity to the active binding sites of 
kappa opioid receptor, glucose transporter 3 (GLUT 3), and cyclooxygenase 2 was indicative of 
the potential anti-diarrheal, hypoglycemic, and analgesic characteristics of the isolated com
pounds (COX-2). Moreover, anticancer and antimicrobial potentiality was also found impressive 
through evaluation of binding affinity with epidermal growth factor receptor (EGFR) and dihy
drofolate reductase (DHFR) receptors. Results from this study indicated that C. fistula might be a 
beneficial natural resource for treating diarrhea, hyperglycemia, and pain. However, additional 
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research is required to conduct a comprehensive phytochemical screening and establish precise 
action mechanisms of the crude extract or the plant-derived compounds.   

1. Introduction 

Plants represent the most abundant source of many wonderful drugs since the inception of humankind and always offer any type of 
novel treatments [1–5]. Rigorous laboratory experiments are usually done to justify natural products useful for specific human ill
nesses [6,7]. Most of the active pharmaceutical ingredients are processed from secondary isolates of plants [8] which have the po
tential to perform as drugs [9,10] to act against severe conditions [11] which comprises antimicrobial [12,13] and antiviral [14] 
activity. Conventionally, it is well established that diarrhea and associated problems can be treated through plant or herbal prepa
rations [15]. Due to the various convenient features of herbal drugs, it is widely popular and prescribed by physicians. Therefore, it has 
become more important to investigate the medicinal compounds [16]. More analgesics have been purified from natural compounds 
during the past few decades, leading to new structural classes and modes of action [17]. 

Cassia fistula L. (Caesalpinioideae), alternately labeled as the golden shower, can be found in numerous geographical areas in the 
world mostly in the Asian, African, and South American regions. The antifungal agent C. fistula, which has substantial antifungal 
action, is also used to treat a variety of diseases [18,19]. This botanical specimen is employed in Ayurvedic medicine for managing 
diabetes, leucoderma, pruritus, and hematemesis. For erysipelas and skin conditions, the leaf juice is administered [20]. This plant is 
used to treat skeletal fractures in Sri Lanka [21]. Additionally, several plant parts have been shown to exhibit a variety of pharma
cological properties. This plant has demonstrated cytotoxic properties [22], along with the ability to reduce the oxidation process [23]. 
Another promising capability includes improving liver function [24] which enables lower cholesterol hypocholesterolemic [25]. 
Moreover, it is reported to perform against bacteria [26], and scholar has reported its ability to functionalize insulin resistance hence 
lowering the blood glucose level [27]. 

Previously, it was reported that, Nuclear Magnetic Resonance (1H and 13C NMR or 2D NMR) was deployed to isolate and elucidate 
the structure of the plant’s compound [28]. Antioxidant properties of the isolated compounds have been established [29]. However, 
we used a different strategy, using solvent-solvent extraction to extract and isolate bioactive chemicals, which we then analyzed using 
GC-MS/MS analytical techniques and FTIR to confirm the functional groups. By comparing the isolated compounds’ mass spectra with 
existing literature, their chemical structure and IUPAC nomenclature were ascertained. We searched the molecular base peak as well as 
the fragmented mass of the targeted compounds by utilizing NIST 2020 software. Taking into account all of these factors, an animal 
trial was conducted using mice as animal models to assess the antidiarrheal action, an oral glucose tolerance test to assess and 
reconfirmed the previously reported [30,31] hypoglycemic action. To corroborate the previously evaluated analgesic properties [32], 
the tail immersion method, in combination with acetic acid-induced writhing activity, was assessed. 

Given the significance of structural molecular biology and the pursuit of structure-driven drug discovery, molecular docking has 
gained popularity in recent years. The tremendous growth in computer usability and processing capabilities and the simplicity of 
accessing compact chemical and protein libraries have greatly expedited this advancement [33]. Autonomous molecular docking 
technology typically use a small substrate and a bigger therapeutic target to predict molecular interactions. It accomplishes this by 
identifying optimal binding orientations and strengths. Although the term “ligand-protein docking” is frequently used, the scope of this 
process has grown to encompass interactions between proteins. Its uses in drug development are wide-ranging and include virtual 
screening, lead optimization, mutagenesis study support, and x-ray crystallography guidance [34]. In our study, we have selected five 
receptors including the kappa opioid receptor, glucose transporter 3 (GLUT 3), cyclooxygenase 2, DHFR, and EGFR to measure the 
binding affinity of our isolated compounds from GC-MS/MS. Moreover, the ADME/T of the compounds was also evaluated. 

2. Material and method 

2.1. Plant assembling 

Leaves sample of C. fistula were picked in January 2022 from Remakri, nearly 50 km from a site in Thanchi Upazila, Bandarban 
District, in the southeast of Bangladesh. The plant was identified taxonomically and preserved as a voucher specimen number DACB 
93484 at the National Herbarium in Mirpur, Dhaka, Bangladesh, for later use. 

2.2. GC-MS/MS qualitative investigation 

Gas chromatography-mass spectrometry (GC-MS) was used to examine the bioactive chemicals that were extracted from the leaves 
of C. fistula where a well-established method electron impact ionization (EI) method was used having a mass spectrometer named as 
GC-MS/MS TQ 8040, manufactured by Shimadzu in Japan. A bonded silica capillary column (Rxi-5 ms; 30 m, 0.25 mm ID, and 0.25 m) 
was used, and the column temperature was adjusted to 50 ◦C. By keeping the injection temperature constant at 250 ◦C, the specimens 
were introduced using a split-mode injection method. Preheating was performed in the oven. One minute at 500 ◦C, 2 min at 200 ◦C, 
and 7 min at 300 ◦C were used to preheat the oven. The compound name, structures, and molecular weights of each extract’s bioactive 
ingredients were determined by comparing its mass spectra with the data found in the NIST and Wiley libraries [5,35,36]. It took a 
total of 39 min to complete the GC-MS run. 
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2.3. FTIR analysis of plant extracts 

The Fourier transform infrared spectrophotometer (FTIR) is an exceptional instrument for recognizing the many types of chemical 
bonds and functional groups found in substances. The FTIR study was conducted using dried powders of the plant extract. It is rec
ommended to have a humidity-free room to place the FTIR operation. 100 mg of KBr pellet and five mg of the dried extract powder 
were combined to make the translucent sample disc following a specific procedure. The ground sample from plant specimen was 
inserted into an FTIR Spectrometer (Shimadzu, IR Affinity1, Japan) with a scanning range of 400–4000 cm− 1 having a resolution of 4 
cm− 1. 

2.4. Extraction and partitioning process 

Following a few days of sun drying, the leaves were cleaned with water. Next, a robust grinding machine at the Phytochemistry Lab 
at the State University of Bangladesh was used to treat the dried leaves and turn them into a crushed particles. After the leaf was 
pulverized into a powder, around 3 L of pure methanol (MeOH) was added to a brown reagent vessel (5 L). The container was filled, the 
cap was put on, and it was kept in storage for 25 days to allow for complete mixing with periodic shaking and stirring. Following this, 
the entire mixture underwent another filtration step employing Whatman No. 1 filter paper and a fresh cotton plug. Subsequently, the 
filtrate was evaporated below 40 ◦C using a vacuum rotary evaporator to yield a gummy mass (approximately 85.5 g). Methanol- 
enriched fraction underwent fractionation using a technique outlined by Ref. [37] with modifications as described by Ref. [38]. In 
brief, 90% methanol and 5 g of the crude extract were dissolved in water. The resulting solution was then subjected to fractional 
separation using solvents of rising polarity, including petroleum ether, chloroform, and ethyl acetate. A low-temperature rotary 
evaporator was employed for dehumidify all of the non-aqueous fraction in preparation for further analysis. Particularly in our ongoing 
research, we aimed to work with the methanol (crude) fractions of the plants. 

2.5. Experimental animals 

In the investigation, Swiss-albino mice were used. Both male and female mice were gathered from the International Centre for 
Diarrheal Diseases and Research, Bangladesh (ICDDR, B)’s Animal Resource Branch. The mice were aged 4–5 weeks and had weights 
ranging from 20 to 25 g. The mice were housed in normal polypropylene cages, and the thermal condition and moisture content within 
the animal facility were maintained at 25 ◦C and between 60% and 70%, respectively with a 12-h light–dark cycle. All mice were 
housed in the laboratory setting for a minimum of 3–4 days to allow them to acclimate, considering their high sensitivity to changes in 
their environment. Standard procedures for handling and using laboratory animals were followed while carrying out the experiments. 
The State University of Bangladesh’s Institutional Ethical Review Committee (SUB-IERC) has examined the ethical concerns critically 
and given its approval. The study’s complete set of protocols and detailed procedures were authorized and approved. 

2.6. Determining onset doses for the in vivo study 

In the in vivo model, the test animals received doses of the leaf extract at 200, 400, and 600 mg/kg body weight. One percent Tween 
80 in normal saline was added with the precisely weighed samples to create these loading dosages, which were then processed in one 
way (24 mg on average for 200 mg/kg, 48 mg on average for 400 mg/kg, and 72 mg on average for 600 mg/kg). The suspension’s 
volume was raised to 3.0 mL. 

2.7. Design to conduct an in vivo study 

Five groups of four mice each were put together using the following division of animals. Group I, the control group, received a 
solution containing 1% Tween 80 in normal saline at a dosage of 10 mL/kg, while Group II, the standard group, was administered 
standard medication. Groups III, IV, and V received doses of the leaf’s methanol extract of 200, 400, and 600 mg/kg, respectively. 

2.8. Anti-diarrheal assay 

Mice were made ready for the antidiarrheal test by following the castor oil-induced diarrhea method [39,40]. The standard dose of 
loperamide was given to Group II, while only 1% Tween 80 solutions was provided to the control group. A feeding needle was 
employed to deliver 0.5 mL of castor oil orally for 30 min to each animal following the administration of the sample and standard 
doses. Each animal was placed into a separate cage. The floor was adorned with paper towels that could document fecal stains. Over 4 
h, the effectiveness of the test samples’ ability to prevent diarrhea was observed. Following the delivery of castor oil, data was obtained 
hourly. Using the following methods, the proportion of defecation inhibition caused by plant extracts was calculated 

% inhibition of defecation=(Mcontrol − Mtest)/Mcontrol × 100%  

where M = average number of occurrences of diarrhea in each group. 
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2.9. Hypoglycemic assay 

In accordance with the methodology described by Peungvicha et al. [41] the oral glucose tolerance test was used to assess the plant 
extract’s (200, 400, and 600 mg/kg) ability to reduce blood sugar levels. Using a feeding needle, sugar syrup was orally administered to 
five subgroups of animals. After 5 min, each animal in Group I, Group II, Group III, Group IV, and Group V received water, gliben
clamide, 24 mg of the trialed extracts, and 48 mg of the trialed extracts and, 72 mg of the trialed extracts respectively. For 3 h, diabetic 
test strips were used to check blood sugar. The computation provided was utilized to determine the decrease percentage in blood 
glucose levels: 

% Reduction in blood glucose=(BGcontrol − BGtest)/BGcontrol × 100%  

where BG = mean blood glucose level for individual. 

2.10. Central analgesic activity 

The central analgesic properties of C. fistula extracts were evaluated using the tail immersion experiment, a heat procedure [42]. A 
solution of morphine in its native state was prepared by diluting the supplied morphine (15 mg/mL) with saline solution, at a dosage of 
2 mg/kg administered subcutaneously. A feeding needle was used to orally provide the test substances to the mice. The mouse tail was 
tested by being submerged in 55 ◦C hot water. The duration of the dormant phase for each mouse to move its tail after being exposed to 
warm water was measured at different time intervals (Immediate, half an hour later, an hour later, and an hour and a half later) 
subsequent to the application of the test samples. 

2.11. Peripheral analgesic activity 

To evaluate the peripheral analgesic effects of C. fistula extracts, a method involving acetic acid-induced writhing was used [43]. 
The activity of the crude extract was examined using the acetic acid-induced writhing technique. Each subgroup’s animals were given a 
pain inducer called glacial acetic acid. Aspirin and extracts of 24, 48, and 72 mg were given to Groups II, III IV, and V, respectively. 
After oral administration of the acid, while Tween 80 solution was administered to the control group. Acetic acid is the cause of 
writing. Following the intra-peritoneal injection of acetic acid, the number of writhes was tallied over a duration of 10 min. The 
percentage of writhing inhibition was then computed using the subsequent formula. 

% inhibition of writhing=(Mcontrol − Mtest)/MControl × 100%  

where M = mean number of abdominal writhing for each group. 

2.12. Molecular docking study 

An assessment of the binding affinities of specific chemicals found in the methanolic leaves extract of Cassia Fistula against several 
target proteins has been conducted using computer-based strategies. A group of applications including PyRx, PyMoL 2.3, Discov
eryStudio 4.5, and Swiss PDB viewer has been utilized to complete the process. 

2.13. Ligand preparation 

The 3D SDF structure of identified compounds mentioned in Table was hunted and downloaded from PubChem (https://pubchem. 
ncbi.nlm.nih.gov/ (accessed on 5 July 2023)). Additionally, the 3D SDF structures off five standards Lapatinib (PubChem 
CID_208908), Ciprofloxacin (PubChem CID_2764), Glibenclamide (PubChem CID_3488), Loperamide (PubChem CID_ 3955), Diclo
fenac (PubChem CID_3033) were also downloaded from the website [44–46]. The compounds and standards were systematically 
imported into Discovery Studio 4.5 to generate a ligand library. As a result, the Pm6 semiempirical technique is used to optimize all 
compounds, which improves the docking precision [47]. 

2.14. Target protein selection 

11 compounds found from the methanol fractions of the extract of Cassia fistula leaves were tested by computerized docking to 
identify their potential activity of cytotoxicity, antimicrobial, hypoglycaemic, anti-diarrheal, and analgesic properties. To evaluate the 
cytotoxic potential, the 3D crystal structure of the epidermal growth factor receptor (EGFR) [PDB ID: 1XKK] [44] was downloaded 
from the protein data bank ((https://www.rcsb.org/(accessed on 30 June 2023)). Similarly, the 3D structure of the dihydrofolate 
reductase (DHFR) [PDB ID: 4M6J], the glucose transporter 3 (GLUT3) [PDB ID: 4ZWB], the kappa opioid receptor (KOR)) [PDB ID: 
6VI4], and the cyclooxygenase-2 (COX-2) [PDB ID:1CX2] were downloaded from the site to assess antimicrobial, hypoglycaemic, 
anti-diarrheal, and analgesic activity respectively [45,46,48]. 
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2.15. Ligand-protein binding 

The target molecules’ propensities and probable adherence profiles of plant constituents have been estimated using the software- 
driven ligand-receptor interaction diagram. The highly advanced PyRxAutodock Vina was used to carry out this molecular drug- 
protein linking approach, and semi-flexible modeling was used for the molecular docking. We have selected the amino acids from 
the literature and their corresponding IDs. Prior to loading and formatting the protein to the appropriate macromolecule, we verified 
that the ligands would only bind to that specific biomolecules. During the docking process, amino acids including Leucine 718, Valine 
726, Alanine 743, Lysine 745, Methionine 766, Lysine 775, Arginine 776, Leucine 777, Leucine 788, Threonine 790, Glutamine 791, 
Leucine 792, Methionine 793, Glycine 796, Cysteine 797, Leucine 799, Aspartic acid 800, Arginine 803, Leucine 844, Threonine 854, 
Aspartic acid 855, and Phenylalanine 856 were specifically targeted for EGFR [44]. Additionally, for the DHFR target, amino acids 
including Alanine 9, Isoleucine 16, Leucine 93, Serine 92, Arginine 91, Arginine 77, Glutamic acid 78, Serine 76, Leucine 75, Lysine 54, 
Valine 120, Serine 119, Lysine 55, Threonine 56, Serine 118, and Glycine 117 were designated as the target site. For the protein with 
PDB code 1R4U, amino acids Arginine 176, Valine 227, Glutamine 228, Asparagine 254, and Histidine 256 were utilized as the target 
site [45]. Furthermore, for the GLUT3 target, amino acids including Tyrosine 26, Threonine 28, Glycine 29, Valine 30, Leucine 167, 
Threonine 191, Proline 194, Glutamine 198, Isoleucine 309, Glycine 312, Valine 313, Threonine 347, Tryptophan 410, Leucine 418, 
and Phenylalanine 442 were chosen for docking [48]. Likewise, for the KOR target, amino acids including Leucine 103, Leucine 107, 
Serine 136, Isoleucine 137, Tryptophan 140, Isoleucine 180, Tryptophan 183, Leucine 184, Serine 187, Isoleucine 191, Leucine 192, 
Isoleucine 194, and Valine 195 were designated. Additionally, for the COX2 target, amino acids including Histidine 90, Glutamine 192, 
Valine 349, Leucine 352, Serine 353, Tyrosine 355, Tyrosine 385, Alanine 516, Phenylalanine 518, Valine 523, Alanine 527, and 
Serine 530 were selected for docking [46]. The ligands’ SD files were imported into PyRxAutoDock Vina’s Open Bable tool, and then 
converted to pdbqt format so that docking against these chosen macromolecules could get the greatest possible match. Additionally, 
these functional amino sites were contained within a grid box using grid mapping. The center_x = 16.0260721249, center_y =
34.7147556665, center_z = 35.8594863044, and dimension_x = 25.0549472368, dimension_y = 19.5542794449, dimension_z =
32.3462850229 were kept during EGFR docking. For DHFR the grid box was maintained center_x = 3.41895929706, center_y =
− 3.43057399, center_z = − 18.584952838, and dimension_x = 20.9176658577, dimension_y = 27.9165740713, dimension_z =
26.9542148302. While the grid mapping for GLUT3 was fixed to center_x = 111.258876918, center_y = 14.5149866548, center_z =
63.8367662826 and dimension_x = 31.6678938971, dimension_y = 35.8575618898, dimension_z = 26.9656599396. Similarly, the 
center_x = 54.1586754034, center_y = − 50.4638133528, center_z = − 16.3133396498, and dimension_x = 14.9316824179, 
dimension_y = 28.2599958287, dimension_z = 17.9403895121 were fixed as a grid box for kappa opioid receptor (KOR) docking and 
also the center_x = 23.1905715177, center_y = 21.1248236343, center_z = 15.5994108474 and dimension_x = 21.9363677814, 
dimension_y = 18.627708761, dimension_z = 25.0537852272 were fixed as a grid box for COX2 docking. At this time, supportive 
functions were kept as default. After that, a final docking using AutoDock Vina (version 1.1.2) was performed to determine the ligands’ 
affinity for the macromolecule. After that, a final docking using AutoDock Vina (version 1.1.2) was performed to determine the li
gands’ affinity for the macromolecule. Water molecules and heteroatoms were eliminated from the proteins. The nonpolar hydrogens 
and Gasteiger charges were retained using preset option during the protein preparation process. All proteins were minimised using 
UCSF Chimaera to reach their lowest energy state. The normal residues were handled with AMBER ff14sB, while additional residues 
were processed using Gasteiger mode for further analysis [49]. The final step involved conceptualizing the outcome and utilizing 
BIOVIA Discovery Studio version 4.5 to forecast the best-fitting 2D and 3D models. 

2.16. ADME/T analysis 

Modern drug design increasingly uses computational methods to evaluate pharmacokinetics (including Absorption, drug-likeness, 
distribution, metabolism, excretion, and toxicity) and pharmacokinetic assessments. These studies, collectively known as ADMET, are 
crucial to developing new drugs [2]. 

One widely utilized approach involves investigating the pharmacological characteristics of compounds, as exemplified by the work 
conducted at pkcsm (http://biosig.unimelb.edu.au/pkcsm/prediction). Moreover, online tools like SwissADME (http://www.sib. 
swiss) have gained prominence for their ability to predict drug likeness, often assessed using the Lipinski rules. Lipinski lays out 
these guidelines that can indicate whether a substance is orally accessible. To be more precise, for a chemical to be considered orally 
viable, it must adhere to specific criteria, such as having a molecular weight below 500 amu, fewer than 10 hydrogen bond acceptor 
sites, and no more than 5 log P values for lipophilicity. 

The provided Table 7 displays the outcomes of ADMET analyses and drug-likeness predictions for the compounds under 
consideration. 

2.17. Statistical analysis 

Experimental findings from both in vitro and in vivo assays were presented as the mean value accompanied by the standard error of 
the mean (SEM). Finding were assessed using a paired t-test using IBM SPSS Statistics 2023, and statistical significance was charac
terized by a p-value below 0.05. The molecular docking process was conducted thrice, and the average docking scores were presented 
alongside standard errors, each scoring less than 1% deviation across docking iterations. 
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3. Result 

3.1. Extraction with methanol solvent of Cassia fistula and identification of compounds using GC/MS–MS 

From Table 1 and Fig. 1, it is found that methanol extract of Cassia fistula yields 11 compounds from GC/MS–MS analysis. Various 
groups of phytochemicals including alkane, alkene, steroid, ester, ketone, and phenol were found in the analysis. To show the relative 
concentration of each constituent, these compounds are placed with the peak area percentage. Based on the comparative qualitative 
analysis, the most predominant substance have been determined as 9-Octadecenamide, (Z)- (7.21%), Oxane-4-carboxamide, 2-propyl- 
(6.63%), 9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,Z)- (5.68%), Vitamin E (4.89%), Phytol (4.25%), Globulol (1.69%), Neo
phytadiene (1.49%), Eicosane (1.55%) and beta. Sitosterol (3.16%). 

3.2. FTIR data of the extract 

In accordance with the values of the peaks in the infrared spectrophotometer (Fig. 2) found in the test material, FTIR spectroscopy 
was utilized in the current investigation to determine the functional groups. Crude powder material were mixed with KBR to prepare a 
disc before placed it in IR ray, and the components’ characterizing groups were divided according to their peaks. The acquired results 
demonstrated the existence of the following functional groups in Table 2: alkane, aromatic compounds, alcohol, inter- and intra
molecularly bonded –OH group, imine or oxime, ketone or C]C, C₆H₆O group, and R–NH2 group. 

3.3. Anti-diarrheal property 

A significant anti-diarrheal effect, which was dose-dependent, was observed in the animal study for both the fractions that were 
evaluated and the conventional drug loperamide (p < 0.05). Castor oil may cause diarrhea in some people for up to 4 h. Its effec
tiveness was reduced by loperamide 80.0% and by methanol extract of leaf of C. fistula at doses 200 mg/kg, 400 mg/kg and 600 mg/kg 
with the maximum inhibitory effect of 62%, 72% and 70%, respectively (Table 3). All the data showed statistically significant values 
compared to the control analysis by IBM SPSS paired t-test. Test data revealed no significant difference with the standard, confirming 
the test extract’s efficacy as anti-diarrheal activity. 

3.4. Hypoglycemic potential 

Blood glucose levels were significantly reduced after injection of methanolic soluble fraction (Table 4). The reduction of percent 
blood glucose depends on dose and time. The maximum hypoglycemic action was demonstrated by the methanol soluble fraction at a 
dose of 600 mg/kg body weight after 2 h of glucose administration, while glibenclamide, the standard, reduced blood glucose levels by 
58.93%. 

3.5. Central analgesic activity 

Table 5 displays the outcomes of the methanolic extract’s central analgesic activity using the tail immersion method. Comparing 
the tested substances to the reference drug morphine, all of them revealed a significant (p < 0.05) slowing of the pain reaction time. At 
90 min after loading the plant sample, both the 400 mg/kg and 600 mg/kg methanolic extract significantly increased PRT (Pain 
Response Time), up to 6.34 ± 0.066 and 7.61 ± 0.189, respectively, in comparison to the standard morphine (15.64 ± 0.241). In the 
experimental mice, these extracts demonstrated a possible analgesic effect. 

3.6. Peripheral analgesic activity 

Table 6 summarizes the findings of the peripheral analgesic activity of the plant extract (200, 400, and 600 mg/kg body weight) in 

Table 1 
Compounds extracted with Methanol Solvent from Cassia fistula.  

S.N Retention Time Area % Compound Name m/z 

1 3.74 1.39 3,3-Dimethoxy-2-butanone 89 
2 3.795 1.23 1,3-Dioxolane-4-methanol, 2-ethyl- 103 
3 14.321 1.49 Neophytadiene 68 
4 18.304 5.68 9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,Z)- 79 
5 18.444 4.25 Phytol 71 
6 18.588 1.55 Eicosane 57 
7 22.607 7.21 9-Octadecenamide, (Z)- 59 
8 22.64 6.63 Oxane-4-carboxamide, 2-propyl- 72 
9 33.902 4.89 Vitamin E 165 
10 37.091 3.16 beta-Sitosterol 73 
11 38.927 1.69 Globulol 67  
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mice. The use of plant extracts reduced the amount of abdominal writhing that mice experienced after being exposed to acetic acid in a 
dose-dependent manner, which was statistically significant (p < 0.05). This effect was calculated by methanol extract of leaf of C. 
fistula at doses 200 mg/kg, 400 mg/kg and 600 mg/kg with the maximum inhibitory effect of 49.41%, 62% and 56.47%, respectively 
compared with the standard diclofenac sodium (76.47% inhibition). 

3.7. In silico investigation (molecular docking) 

According to the data presented in Table 7, Compound 10 exhibited the highest binding affinity for the EGFR, scoring − 9.4 kcal/ 
mol. Notably, Compounds 9 and 11 also demonstrated a significant affinity for binding to the EGFR, with values of − 7.8 and 7.3 kcal/ 
mol, respectively. In comparison, the standard Lapatinib had a binding affinity of − 10.6 kcal/mol, indicating its stronger binding 
capacity. On the other hand, compounds 3, 4, and 5 displayed relatively lower binding affinities of − 6.8 kcal/mol against this receptor. 

In Fig. 3(a), it can be observed that Compound 10 formed interactions with nine specific amino acids of the EGFR: Leucine 718, 
Valine 726, Alanine 743, Lysine 745, Methionine 766, Leucine 777, Leucine 788, Cysteine 797, and Leucine 844. Compound 9, 
conversely, showed bonding with Leucine 718, Valine 726, Alanine 743, Lysine 745, Leucine 792, Methionine 793, Cysteine 797, and 

Fig. 1. GC–MS/MS chromatogram of C. fistula.  

Fig. 2. FTIR chromatogram of methanolic extract.  
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Leucine 844 amino acids. Furthermore, Compound 11 exhibited interactions with Leucine 718, Valine 726, Alanine 743, Lysine 745, 
Cysteine 797, Leucine 844, and Threonine 854 amino acids. Leucine 718, Serine 720, Valine 726, Alanine 743, Lysine 745, Methionine 
766, Leucine 777, Methionine 793, Leucine 844, and Phenylalanine 856 were among the 10 amino acids of the EGFR that the standard 
Lapatinib showed interaction. 

Compound 10 exhibited the highest binding affinity (− 8.5 kcal/mol) against DHFR. Notably, Compounds 9 and 11 also demon
strated considerable affinity for DHFR with scores of − 6.7 and − 6.9 kcal/mol, respectively. In comparison, the standard Ciprofloxacin 
had a binding affinity of − 8.2 kcal/mol (Table 7). Upon examination of Fig. 3(b), it can be observed that Compound 10 interacted with 

Table 2 
FT-IR fingerprint studies and functional groups of the extract of C. fistula.  

Wavenumber (cm-1) Intensity Functional Group Compound Class comments 

3927.24, 3753.64  Unknown Unknown  
3628.26 Moderate, sharp Hydroxyl stretching Alcohol Free 
3395.83 High, broad Hydroxyl stretching Alcohol Intermolecular bonded 
3265.63 High, broad Hydroxyl stretching Carboxylic acid Usually centered on 3000 cm− 1 

2924.21, 2853.81 Low, broad Hydroxyl stretching Alcohol Intra-molecular bonded 
High, broad Amine stretching Amine salt  
Moderate Sp3 C–H stretching Alkane  

2348.43 High O]C]O stretching Carbon dioxide  
1638.60 Moderate Ethylene stretching Alkene Disubstituted (cis)  

Moderate N–H bending Amine   
Moderate Pi-bond stretching Cyclic alkene   
High Pi-bond stretching Alkene Monosubstituted 

1619.31 High Pi-bond stretching α,β-Unsaturated ketone  
1516.11 High N–O stretching Nitro compound  
1459.21  Unknown   
1384.95 Moderate O–H bending Alcohol  

High S]O stretching Sulfate  
High S]O stretching Sulfonyl chloride  
High C–F stretching Fluoro compound  
Moderate O–H bending Phenol  

616.28 High C–Br stretching Halo compound    
Benzene derivative   

Table 3 
Effect of methanolic extract of leaf of C. fistula L. on castor oil (1mL/mice) induced diarrhea in mice.  

Group Treatment Number of diarrheal feces (Average ± SEM) % Reduction of Diarrhea Significance Vs Control Significance Vs Std 

Group I Control 12.5 ± 0.29    
Group II Standard 2.5 ± 0.87** 80 0.003  
Group III MESF (200 mg/kg) 4.75 ± 0.75** 62 0.002 0.062 
Group IV MESF (400 mg/kg) 3.5 ± 0.65** 72 0.001 0.423 
Group V MESF (600 mg/kg) 3.75 ± 1.18** 70 0.004 0.579 

** and * respectively indicate that, the significant p value is less than 0.01 and 0.05 while comparing against control. Number of diarrheal feces 
represented as Average ± Standard Error of Mean (n = 4), Group I as control group, given 1% Tween 80 in normal saline at a 10 mL/kg body weight 
dose, Group II (Standard drug loperamide) at 10 mg/kg body weight dose, Group III (MESF 200 = Methanol Soluble Fraction at 200 mg/kg body 
weight dose); Group IV (MESF 400 = Methanol Soluble Fraction at 400 mg/kg bw dose) and Group V (MESF 600 = Methanol Soluble Fraction at 600 
mg/kg body weight dose). 

Table 4 
The hypoglycemic activity of the methanolic crude extract of the C. fistula.  

Group Treatment BGL 1 H % Reduction of GL BGL 2 H % Reduction of GL BGL 3H % Reduction of GL 

Group I Control 11.525 ± 0.295  9.8 ± 0.50  6.325 ± 0.746  
Group II Standard 7.325 ± 0.3119** 36.41 4.025 ± 0.228 58.93 2.875 ±

0.265* 
54.5 

Group III MESF (200 mg/kg) 8.0750 ±
0.2096** 

29.90 6.125 ±
0.36** 

37.5 4.60 ± 0.212 27.2 

Group IV MESF (400 mg/kg) 8.050 ± 0.4368** 30.12 6.30 ± 0.63* 35.7 4.125 ± 0.165 34.78 
Group V MESF (600 mg/kg) 8.175 ± 0.3145** 29.04 5.45 ±.095** 44.39 3.95 ±.086* 37.5 

**and * respectively indicate that, the significant p value is less than 0.01 and 0.05 while comparing against control; BGL indicated as average ±
Standard Error of Mean (n = 4). BGL = Blood glucose level, Group I as control group, given 1% Tween 80 in normal saline at a 10 mL/kg body weight 
dose, Group II (Standard drug glibenclamide) at 10 mg/kg body weight dose, Group III (MESF 200 = Methanol Soluble Fraction at 200 mg/kg body 
weight dose); Group IV (MESF 400 = Methanol Soluble Fraction at 400 mg/kg bw dose) and Group V (MESF 600 = Methanol Soluble Fraction at 600 
mg/kg body weight dose). 
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four specific amino acids of DHFR: Valine 8, Alanine 9, Leucine 22, and Lysine 55. Similarly, Fig. 3 (b) revealed that Compound 9 
formed interactions with Valine 8, Alanine 9, Isoleucine 16, Leucine 22, and Lysine 55 amino acids. On the other hand, Compound 11 
showed interactions with Alanine 9, Leucine 22, Glutamate 30, and Phenylalanine 34 amino acids. In contrast, the standard Cipro
floxacin interacted with Valine 6, Alanine 7, Isoleucine 14, Leucine 20, Threonine 49, and Serine 108 amino acids. Compound 10 
demonstrated the highest binding affinity of-9.5 kcal/mol for GLUT3, while Compound 9 also exhibited strong binding affinity with a 
score of − 9.2 kcal/mol. Additionally, Compounds 5 and 11 displayed considerable affinity for binding to GLUT3 with values of − 7.1 
and 7.9 kcal/mol, respectively. In contrast, the standard Glibenclamide showed a binding affinity of − 10.2 kcal/mol. Fig. 3 (c) il
lustrates that Compound 10 formed interactions with six specific amino acids of GLUT3, including Valine 67, Glutamine 159, 

Table 5 
Central analgesic effect of methanolic extract of C. fistula.  

Group Treatment Average time of tail immersion of Mice Time in Sec after Loading the Plant Sample/Drug 

30 min 60 min 90 min 

Group I Control 2.158 ±.0834 2.15 ±.03894 2.68 ± 0.10638 
Group II Standard 5.293 ± 0.0825** 10.018 ±.2732** 15.64 ± 0.241** 
Group III MESF (200 mg/kg) 2.995 ±.0924* 4.268 ±.0423** 5.403 ± 0.14505** 
Group IV MESF (400 mg/kg) 3.873 ±.0727** 4.938 ±.0909** 6.345 ±.06614** 
Group V MESF (600 mg/kg) 4.158 ±.1725** 5.465 ±.31,415** 7.61 ± 0.18918** 

**and * respectively indicate that, the significant p value is less than 0.01 and 0.05 while comparing against control; data indicated as average ±
Standard Error of Mean (n = 4). Group I as control group, given 1% Tween 80 in normal saline at a 10 mL/kg body weight dose, Group II (Standard 
drug morphine 2 mg/kg), Group III (MESF 200 = Methanol Soluble Fraction at 200 mg/kg body weight dose); Group IV (MESF 400 = Methanol 
Soluble Fraction at 400 mg/kg bw dose) and Group V (MESF 600 = Methanol Soluble Fraction at 600 mg/kg body weight dose). 

Table 6 
Peripheral analgesic effect of methanolic extract of C. fistula.  

Group Treatment Average of Writhing %Inhibition Significance Vs Control Significance Vs Standard 

Group I Control 21.25 ± 0.478    
Group II Standard 5 ± 0.70** 76.47 0  
Group III MESF (200 mg/kg) 10.75 ± 0.85** 49.41 0.003 0.019 
Group IV MESF (400 mg/kg) 8.5 ± 0.288** 60 0 0.027 
Group V MESF (600 mg/kg) 9.25 ± 0.478** 56.47 0 0.031 

**and * respectively indicate that, the significant p value is less than 0.01 and 0.05 while comparing against control; data indicated as average ±
Standard Error of Mean (n = 4). Group I as control group, given 1% Tween 80 in normal saline at a 10 mL/kg body weight dose, Group II (Reference 
Diclofenac sodium 50 mg/kg), Group III (MESF 200 = Methanol Soluble Fraction at 200 mg/kg body weight dose); Group IV (MESF 400 = Methanol 
Soluble Fraction at 400 mg/kg bw dose) and Group V (MESF 600 = Methanol Soluble Fraction at 600 mg/kg body weight dose). 

Fig. 3. Graphical depiction illustrating the molecular interactions of the predominant phytocompounds with the (a) EGFR (PDB ID: 1XKK) enzyme 
with 3D visualization (Compound 9 = A, Compound 10 = B, Compound 11 = C, Standard Lapatinib = D); (b) DHFR (PDB ID: 4M6J) enzyme with 3D 
visualization (Compound 9 = A, Compound 10 = B, Compound 11 = C, Standard Ciprofloxacin = D.); (c) GLUT 3 (PDB ID: 4ZWB) enzyme with 3D 
visualization (Compound 9 = A, Compound 10 = B, Compound 11 = C, Standard Glibenclamide = D). 

M.A. Taher et al.                                                                                                                                                                                                      



Heliyon 10 (2024) e28460

10

Isoleucine 166, Isoleucine 285, Phenylalanine 289, and Tyrosine 290. Compound 9, the second highest affinity compound, showed 
interactions with ten amino acids: Phenylalanine 24, Valine 67, Phenylalanine 70, Glutamine 159, Isoleucine 166, Isoleucine 285, 
Phenylalanine 289, Tyrosine 290, Phenylalanine 377, and Tryptophan 386. 

Moreover, Compound 11 was found to interact with six amino acids, namely Glutamine 159, Isoleucine 166, Isoleucine 285, 
Phenylalanine 289, Phenylalanine 377, and Tryptophan 386. Conversely, the standard Glibenclamide exhibited interactions with nine 
amino acids of GLUT3, including Asparagine 32, Valine 67, Alanine 68, Isoleucine 285, Asparagine 286, Tyrosine 290, Phenylalanine 
414, Glycine 417, and Leucine 418. 

For the (KOR), compound 10 showed the highest binding affinity of − 9.7 kcal/mol followed by Compound 9 scoring − 8.7 kcal/ 
mol. Also, compound 11 showed a strong affinity for binding to the KOR with values of − 7.6 kcal/mol. Additionally, compounds 3,4,5 
showed − 6.8 kcal/mol binding affinities against this receptor, while the standard Loperamide had a binding affinity of − 9.1 kcal/mol. 
Based on Fig. 4(a), Compound 10 exhibited interactions with several amino acids of the kappa opioid receptor, namely Leucine 103, 
Tyrosine 140, Isoleucine 180, Tryptophan 183, Leucine 184, Isoleucine 191, and Valine 195. Similarly, Compound 9, which had the 
second-highest affinity, formed bonds with eight different amino acids: Leucine 103, Leucine 107, Tyrosine 140, Isoleucine 180, 
Tryptophan 183, Leucine 184, Isoleucine 191, and Valine 195. Additionally, Compound 11 showed interactions with the following six 
amino acids: Leucine 103, Isoleucine 180, Tryptophan 183, Leucine 184, Isoleucine 191, and Serine 192. Loperamide interacted with 
eight amino acids of the KOR: Isoleucine 96, Phenylalanine 99, Leucine 107, Tyrosine 140, Tryptophan 183, Leucine 184, Isoleucine 
191 and Valine 195. 

The maximum binding affinity against COX2 was 7.6 kcal/mol, as shown in Table 6, for Compounds 4 and 9. Compounds 3 and 7 
exhibited extremely high binding affinities for COX2, scoring − 7.3 kcal/mol and 7.3 kcal/mol, respectively. Binding affinities of − 7.2 
and 6.8 kcal/mol, respectively, were also shown by compounds 5 and 11. In comparison, the common drug Diclofenac had a binding 
affinity of − 7.8 kcal/mol. Analysis of Fig. 4 (b) revealed the specific interactions of each compound with COX2 amino acids. Com
pound 4 formed bonds with Histidine 90, Valine 116, Valine 349, Leucine 352, Serine 353, Tyrosine 355, Leucine 359, Tyrosine 385, 
Tryptophan 387, Valine 523, Alanine 527, and Leucine 531. 

Compound 9 interacted with Histidine 90, Histidine 95, Valine 349, Leucine 352, Tyrosine 355, Tyrosine 385, Tryptophan 387, 
Proline 514, Alanine 516, Isoleucine 517, Phenylalanine 518, Valine 523, Glycine 526, Alanine 527, and Leucine 531. Compound 3 
was found to interact with Valine 116, Tyrosine 348, Valine 349, Leucine 352, Tyrosine 355, Leucine 359, Tryptophan 387, 
Phenylalanine 518, Methionine 522, Valine 523, Alanine 527, and Leucine 531. Compound 7 showed interactions with Glutamine 192, 
Valine 349, Leucine 352, Serine 353, Tyrosine 385, Tryptophan 387, Arginine 513, Phenylalanine 518, Valine 523, Alanine 527, and 
Leucine 531. Lastly, the standard Diclofenac interacted with Valine 349, Leucine 352, Tyrosine 355, Glycine 526, Alanine 527, and 
Leucine 531amino acids. 

Broadly speaking, Compounds 9, 10, and 11 exhibited activity across various receptors, except for COX-2, where only Compound 9 
displayed significant affinity. However, as depicted in Table 8, none of the compounds adhered to Lipinski’s rule of five; each com
pound had at least one violation. Specifically, Compound 9 displayed three violation indications, implying limited oral bioavailability. 
In contrast, Compounds 10 and 11 breached two rules, potentially indicating moderate oral bioavailability Furthermore, the structures 
of these compounds have been illustrated in Fig. 5. 

Fig. 4. Graphical depiction illustrating the molecular interactions of the predominant phytocompounds with the (a) KOR (PDB ID: 6VI4) enzyme 
with 3D visualization (Compound 9 = A, Compound 10 = B, Compound 11 = C, Standard Loperamide = D.); (b) COX 2 (PDB ID: 1CX2) enzyme with 
3D visualization (Compound 3 = A, Compound 4 = B, Compound 7 = C, Compound 9 = D, Standard Diclofenac = E). 
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hERG channels play a pivotal role in cardiotoxicity, particularly through their involvement in regulating the cardiac action po
tential. Inhibition of hERG, responsible for the rapid delayed rectifier K+ current (IKr), can lead to prolonged repolarization and QT 
interval, known as long QT syndrome. This disturbance increases the risk of lethal arrhythmias, such as torsade de pointes, potentially 
resulting in sudden cardiac death [50]. Table 8 represent no compounds identified from the plant did’t inhibit hERG I represnting their 
safety against cardiotoxicity. Lastly all these compound except Compounds 9 and 10 showed skin sensativity. 

4. Discussion 

4.1. Prediction and isolation of compounds 

GC-MS/MS analysis of the extracts revealed 11 phytochemicals which are displayed in Table 1. Researchers used primary 
assessment to identify the existence of anthraquinones, flavonoids, saponins, tannins, and terpenoids in the plant Cassia fistula [18]. 
From our GC-MS/MS investigations, in Fig. 6 spectrum A appeared m/z value of 68 having mass fragments of 95, 103, and 137 and it 
has 93% similarity, which was correlated with the parent compound Neophytadiene. According to experts, with the likely involvement 
of the GABAergic system, diterpenes neophytadiene exerts anxiolytic-like and anticonvulsant effects [6]. Moreover, spectrum B of 
Fig. 6, having a base peak of 71 showed 95% similarity with the library compound phytol which also showed fragments of 81, 123, and 
137. Phytol can augment the level of intracellular reactive oxygen species (ROS) to reduce enzymatic antioxidants such as glutathione 
peroxidase, which in turn causes DNA damage, which ultimately leads to cell death [51]. Employing the microorganism Pseudomonas 
as a study model, researchers also showed that phytol inhibits the formation of biofilms, reduces ciliary activity, and suppresses the 
production of pyocyanin [52]. Another compound named Eicosane (Fig. 6, spectrum C) having m/z of 57 with 84% similarity has 
shown fragmentation of 85,113, 141, 169, and 197. Eicosane, a long-chain hydrocarbon is found to be effective against wound healing 
properties due to antioxidant capacity, tested by in silico approach [53]. Also (Fig. 6, Spectrum D), manifested m/z 165 which 
correlated with the parent compound vitamin E. Evidence suggests that vitamin E, when administered to leukemia patients, enhances 
immune activity of dendritic cells (accessory cell) and upregulates the regulation of CD8+ proliferation by myeloid-derived suppressor 
cells (MDSC) [54,55]. Moreover, Beta-sitosterol (Fig. 6, spectrum E) was found to have m/z of 73 (fragmentation of 81,105, and 107) 
with 76% similarity in the NIST library. It is reported that Beta sitesterol-containing plants show antinociceptive [56], anxiolytic, 
antibacterial, and antifungal activity having no evidence of perniciousness in brine shrimp cytotoxicity study [57,58]. It has also 
demonstrated sedative effects [59] in rats, which needs to be evaluated for human also. Additionally, globulol (Fig. 6, spectrum F) is 
identified with 76% similarity when compared with the NIST library for annotation. Here, the base peak was found to be 67 along with 
mass fragments of 95, 107, and 135. It is reported that the compound globulol, natural sesquiterpenoids possesses various biological 
activities, for instance antifungal [60] and antibacterial activities [61]. 

4.2. In vivo investigations 

Medicinal plants have long been employed as remedy to treat a range of digestive issues, particularly diarrhea. Still, not much is 
known about the reliability and effectiveness of most of the medicinal plants. Consequently, the effectiveness and reliability of C. fistula 
as a possible preventive medication in the treatment of diarrheal sickness were evaluated in this investigation. Diarrhea may result 
from an imbalance in the smooth muscle action of the gastrointestinal tract or from an abnormality in the absorption pattern of the GI 

Table 7 
Binding affinities of compounds from methanol fractions of leaves extract of Cassia fistula against various receptors.  

Binding affinities of compounds from methanol fractions of leaves extract of Cassia fistula against various receptors. 

Methanol Compound 
number 

Compound Name Pubchem 
CID 

Binding Affinities 

EGFR 
(1XKK) 

DHFR 
(4M6J) 

GLUT 3 
(4ZWB) 

KOR 
(6VI4) 

COX 2 
(1CX2) 

MEOH 1 3,3-Dimethoxy-2-butanone 140,871 − 4.7 − 4 − 4.8 − 3.9 − 4.5 
MEOH 2 1,3-Dioxolane-4-methanol, 2-ethyl- 546,241 − 5.1 − 4.6 − 5.1 − 4.4 − 5.1 
MEOH 3 Neophytadiene 10,446 − 6.8 − 5.4 − 6.7 − 6.8 − 7.3 
MEOH 4 9,12,15-Octadecatrienoic acid, 

methyl ester, (Z,Z,Z)- 
5,319,706 − 6.8 − 5.7 − 6.6 − 6.8 − 7.6 

MEOH 5 Phytol 5,280,435 − 6.8 − 5.8 − 7.1 − 6.8 − 7.2 
MEOH 6 Eicosane 8222 − 5.9 − 4.9 − 5.9 − 6.2 − 6.6 
MEOH 7 9-Octadecenamide, (Z)- 5,283,387 − 6.4 − 5.3 − 6.6 − 6.4 − 7.3 
MEOH 8 Oxane-4-carboxamide, 2-propyl- 559,220 − 6.1 − 5.2 − 6.2 − 5.8 − 5.9 
MEOH 9 Vitamin E 14,985 − 7.8 − 6.7 − 9.2 − 8.7 − 7.6 
MEOH 10 beta.-Sitosterol 222,284 − 9.4 − 8.5 − 9.5 − 9.7 − 3 
MEOH 11 Globulol 12,304,985 − 7.3 − 6.9 − 7.9 − 7.6 − 6.8 
STD 12 Cirprofloxacin 2764  − 8.2    

13 Lapatinib 208,908 − 10.6     
14 Glibenclamide 3488   − 10.2   
15 Loperamide 3955    − 9.1  
16 Diclofenac 3033     − 7.8  
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Table 8 
ADME/T studies of identified compounds from leaves of Cassia fistula.  

S/ 
N 

H- 
bond 
Donor 

H-bond 
Acceptors 

Lipophilicity - 
log P (o/w) 

GI 
Absorption 

AMES 
Toxicity 

Hepatotoxicity hERG I 
inhibitor 

Skin 
Sensitisation 

Oral Rat 
Acute 
Toxicity 
(LD50) 
(mol/kg) 

Oral Rat 
Chronic 
Toxicity 
(LOAEL) (log 
mg/kg_bw/ 
day) 

Max. tolerated 
dose (human) 
(log mg/kg/ 
day) 

Drug likeliness Bioavilability 
score 

1 0 3 0.51 High Yes No No Yes 1.891 2.199 1.107 No; 1 Deviation: 
MW < 250 

0.55 

2 1 3 0.53 High No No No Yes 1.86 2.332 1.122 No; 1 Deviation: 
MW < 250 

0.55 

3 0 0 7.07 Low No No No Yes 1.473 1.158 0.272 No; 2 Deviation: 
Rotors > 7, 
XLOGP3 > 3.5 

0.55 

4 0 2 5.55 High No No No Yes 1.596 2.932 − 0.078 No; 2 Deviation: 
Rotors > 7, 
XLOGP3 > 3.5 

0.55 

5 1 1 6.22 Low No No No Yes 1.848 1.232 − 0.301 No; 2 Deviation: 
Rotors > 7, 
XLOGP3 > 3.5 

0.55 

6 0 0 7.9 Low No No No Yes 1.586 1.177 − 0.014 No; 2 Deviation: 
Rotors > 7, 
XLOGP3 > 3.5 

0.55 

7 1 1 5.32 High No No No Yes 1.805 0.92 − 0.265 No; 2 Deviation: 
Rotors > 7, 
XLOGP3 > 3.5 

0.55 

8 1 2 1.1 High No No No Yes 1.937 2.589 0.827 No; 1 Deviation: 
MW < 250 

0.55 

9 1 2 8.27 Low No No No No 2.072 1.987 0.775 No; 3 Deviation: 
MW > 350, 
Rotors > 7, 
XLOGP3 > 3.5 

0.55 

10 1 1 7.19 Low No No No No 2.552 0.855 − 0.621 No; 2 Deviation: 
MW > 350, 
XLOGP3 > 3.5 

o.55 

11 1 1 3.42 High No No No Yes 1.615 1.187 − 0.193 No; 2 Deviation: 
MW < 250, 
XLOGP3 > 3.5 

0.55  
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tract [62]. It is believed that the main component of castor oil, ricinoleic acid, upsets the gut lining by generating prostaglandins, 
which might result in diarrhea and peristaltic motion [63,64]. In the animal investigation, crude fractions and the reference drug 
loperamide showed a substantial (p < 0.05) and dose-dependent anti-diarrheal effect. It is reported that beta-sitosterol, found in 
GC-MS/MS analysis, can act as an antidiarrheal compound [65] which has been corroborated in the Insilco investigation with kappa 
receptor. Scientists had reported that, when tocopherol was administered intramuscularly to patients suffering from Shigella dysen
tery, clinical symptoms decreased and their immunological response improved as compared to those who did not receive tocopherol 
[66]. 

To investigate the hypoglycemic activity of this plant, extracts were given to the mice model. After 2 h of glucose delivery, the crude 
fraction at a dose of 600 mg/kg body mass showed the greatest hypoglycemic activity. Research has demonstrated that by stimulating 
IR and GLUT4, beta-sitosterol enhances glycemic control in the adipose tissue of rats with type-2 diabetes caused by high fat and sugar 
[67]. Identified compound globulin has been reported to have ant diabetic properties [68]. Vitamin E has also demonstrated the 
capability of reducing blood sugar levels in combination with ascorbic acid [69]. 

The tail immersion method and the mice writhing method were employed in this investigation to evaluate the ananlgesic effects of 
methanol extract. In our trial, the mice suffering from acetic acid and heat were much reduced by the plant samples. In assays involving 
hot plates and acetic acid, isolated β-sitosterol was found to exhibit pain-relieving properties by preventing the synthesis of prosta
glandins and bradykinins, suppressing opioid receptors, or encouraging the release of endogenous opioid peptides, as reported by 
scholars [70]. Phytol, a diterpene has been recorded as an antinociceptive compound experimentally in animal models [71]. 

4.3. In silico investigations 

The functions of cells, such as proliferation and apoptosis, are under the control of the Epidermal Growth Factor Receptor (EGFR). 
When a ligand, like EGF, binds to EGFR, it triggers structural modifications that lead to the phosphorylation of tyrosine residues in the 
C-terminal segment. This phosphorylation sets off cascades of events, including the activation of signaling pathways like MAPK, PI3K/ 
AKT, and STAT3/STAT5. These pathways act to inhibit cell death (apoptosis) and encourage activities associated with cancer, thereby 
promoting cancer-related processes [72]. Displaying a substantial potential for binding of − 9.4 kcal/mol, Compound 10 engages with 
EGFR via ten alkyl bonds, while Compound 9 forms bonds with nine alkyl groups, leading to a binding value of − 7.8 kcal/mol. 
Conversely, the reference Lapatinib demonstrates a distinct array of ten bonds against EGFR encompassing hydrogen bond, pi bond, 
unfavorable donor-donor bond, and others, yielding a binding interaction value of − 10.6 kcal/mol (Table 7). 

Dihydrofolate reductase (DHFR) holds significant importance as an enzyme within the folate pathway, facilitating the trans
formation of dihydrofolic acid (DHF) into tetrahydrofolic acid (THF). THF plays a crucial role in synthesizing the building blocks 
(amino acids) and genetic material, vital components for the growth and multiplication of cells. Disruption of the folate pathway 
causes unregulated cell proliferation, ultimately contributing to the development of diverse cancer types [73]. Interacting with DHFR, 

Fig. 5. Structure of the isolated compounds.  
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Compound 10 establishes four alkyl bonds, showcasing a substantial affinity of − 8.5 kcal/mol, surpassing the reference binding value 
of − 8.2 kcal/mol held by Ciprofloxacin. In contrast, Ciprofloxacin attaches via one conventional hydrogen bond, an unfavorable 
donor-donor bond, an alkyl bond, and three carbon-hydrogen bonds, while Compound 11 binds with one conventional hydrogen bond 
and three alkyl bonds, yielding a binding score of − 6.9 kcal/mol (Table 7). 

The glucose transporter protein called GLUT3 enables the concentration-dependent passive transport of glucose across cell 
membranes. By enabling glucose to enter or exit cells based on glucose concentrations, it helps to manage blood glucose levels. This is 
especially true of the liver, kidney, and pancreatic cells [74]. In Fig. 3 (c) it is depicted that Compound 10 engaged with the GLUT-3 
receptor via an unfavorable donor-donor bond, one pi-sigma interaction, and four pi-alkyl bonds, yielding a noteworthy binding 

Fig. 6. Relative Intensity vs. m/z spectrum of compounds Neophytadiene (Spectrum A), Phytol (Spectrum B), Eicosane (Spectrum C), Vitamin E 
(Spectrum D), Beta-sitosterol (Spectrum E), Globulol (Spectrum F). 

M.A. Taher et al.                                                                                                                                                                                                      



Heliyon 10 (2024) e28460

15

affinity of − 9.5 kcal/mol. On the other hand, Compound 9 exhibited interaction through a conventional hydrogen bond, along with 
five pi-alkyl bonds and four alkyl bonds, displaying an affinity of − 9.2 kcal/mol when compared to Glibenclamide’s − 10.2 kcal/mol. 

The μ, ƙ, and δ opioid receptors found in the human GI tract regulate GI signaling by reducing the activity of enteric nerves, 
lowering the release of neurotransmitters, and blocking pathways that are both excitatory and inhibitory. This causes changes in stool 
consistency and motility, a slowing of colonic transit, a decrease in the excitability of enteric neurons, and alterations to secretion and 
fluid transport [75]. Demonstrating potent binding affinity to the κ-opioid receptor, Compound 10 surpasses the standard value of 
Loperamide, forming a complex with the receptor through the engagement of five alkyl bonds and a solitary pi-sigma interaction. 
However, Compound 9 also conveyed potential affinity towards the receptor with six alkyl and pi-sigma bonds. 

Prostaglandins, especially PGE2, are produced due to elevated COX-2 expression, which is triggered by factors such as substances 
that cause inflammation. These substances are essential for both producing and controlling inflammatory pain. Inhibiting COX-2 is 
essential for reducing inflammation-related discomfort and hypersensitivity [76]. Compounds 4 and 9 displayed a remarkable affinity 
for COX-2 receptors, binding at − 7.6 kcal/mol, slightly below Diclofenac’s − 7.8 kcal/mol (Table 6). This interaction led to various 
bonds in compound 4, including a conventional hydrogen bond, two carbon-hydrogen bonds, five alkyl bonds, and three pi-alkyl 
bonds. Similarly, compound 9 exhibited one amide-pi bond, nine alkyl bonds, and five pi-alkyl bonds, illustrating the attraction 
against COX-2 in Fig. 4 (b). 

However, there are some limitations of the ADME/T study. pkCSM and SwissADME are limited by the quality of their experimental 
data, which may result in mistakes when dealing with incomplete datasets. These technologies, which use simplified models, can have 
difficulty predicting unexpected chemical reactions and may not account for species-specific differences or dynamic changes in bio
logical systems. The specified criteria for physicochemical parameters are generalizations, and discrepancies may occur among 
multiple computational tools. As a result, further expanded ADME/T analysis, especially in a clinical setting, is recommended to 
establish those compounds’ drug-like candidacy. 

5. Conclusion 

Phytochemical studies of the plant C. fistula through Gas Chromatography provides important phytochemicals which undergoes in 
silico analysis. Among 11 compounds, Vitamin E, Beta-Sitosterol and Globulol found effective in molecular binding against various 
receptors including EGFR, DHFR, GLUT 3 and KOR .9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,Z), 9-Octadecenamide, (Z), 
Vitamin E and Neophytadiene provides good binding affinity towards COX2 receptor. This molecular investigation corroborates with 
the in vivo findings of the plant extract which might offer an entirely new viewpoint on controlling diarrhea, hyperglycemia, pain as 
well as cytotoxicity and infections. However, there is a need for further study to investigate the mechanism of action. 
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