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A B S T R A C T   

The current study sought to examine the pharmacological potentials of crude methanolic extracts 
of Ophiorrhiza fasciculata and Psychotria silhetensis, as well as their various solvent fractionates, 
with a focus on cytotoxic, thrombolytic, membrane stabilizing, antioxidant, and antibacterial 
activities via in vitro and in silico approaches. The extensive chromatographic and spectroscopic 
analyses confirmed and characterized two compounds as (±)-licarin B (1) and stigmasterol (2) 
from O. fasciculata and P. silhetensis, respectively. Petroleum ether soluble fraction of O. fasciculata 
and the aqueous soluble fraction of P. silhetensis showed the lowest 50% lethal concentrations 
(1.41 and 1.94 μg/mL, respectively) in brine shrimp bioassay. Likewise, petroleum ether soluble 
fraction of O. fasciculata and aqueous soluble fraction of P. silhetensis showed the highest 
thrombolytic activity with 46.66% and 50.10% lyses of the clot, respectively. The methanol and 
dichloromethane soluble fractions of O. fasciculata reduced erythrocyte hemolysis by 64.03% and 
37.08%, respectively, under hypotonic and heat-induced conditions, compared to 81.97% and 
42.12% for standard acetylsalicylic acid. In antioxidant activity test, aqueous soluble fraction 
O. fasciculata (IC50 = 7.22 μg/mL) revealed promising antioxidant potentialities in comparison to 
standard butylated hydroxytoluene (IC50 = 21.20 μg/mL). In antibacterial screening, chloroform, 
and dichloromethane soluble fractions of P. silhetensis showed a mild antibacterial activity 
compared with the standard drug ciprofloxacin. Additionally, the molecular docking study 
corroborated the current in vitro findings, and the isolated two constituents had higher binding 
affinities toward epidermal growth factor receptor, tissue plasminogen activator, vFLIP-IKK 
gamma stapled peptide dimer, glutathione reductase, and dihydrofolate reductase enzyme than 
their corresponding standard drugs. In addition, the both isolated compounds exerted favorable 
pharmacokinetics (absorption, distribution, metabolism, excretion) and toxicological profiles 
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with drug-like qualities in computational-based ADMET and drug likeliness analyses. The current 
research suggests that both plants have potential as a natural treatment for treating thrombosis, 
inflammation, and oxidative stress. However, more thorough research is required to thoroughly 
screen for phytochemicals and pinpoint the precise mechanisms of action of the bioactive me
tabolites derived from these plants against a broad range of molecular targets.   

1. Introduction 

Throughout history, medicinal plants have been utilized to treat illnesses and preserve health. Because of the adverse effects of 
conventional medicines and the rising need for more natural products free of toxins, natural products and alternative therapies have 
attracted more and more attention over the years [1–3]. The use of natural products and herbal extracts for treating human diseases 
and disorders has finally started to receive scientific support through experimental and clinical studies [4–6]. According to the World 
Health Organization (WHO), most developing nations, especially those in Asia, Africa, Latin America, and the Middle East, use 
traditional medicine, including herbal remedies, to meet their citizens’ healthcare needs and concerns [7–9]. 

Traditional remedies such as herbs are used by over 80% of the people for their daily needs in developing countries [10]. Because of 
the paucity of contemporary medical facilities, the effectiveness of traditional medicines, and cultural interests and preferences, 
natural resources provide a low-cost solution for primary care in developing countries [11,12]. A specific physiological response 
produced by the chemical substances present within the plant is somehow responsible for its medicinal effects on the human body [13]. 
Therefore, to establish an effective and new drug entity, evaluation of medicinal plants with probable biological activities is irrefutable 
[14,15]. 

Oxidative stress is closely related to excessive oxidation, which causes the body to produce a lot of reactive oxygen species (ROS) 
[16]. Numerous chronic diseases, including cancerous tumors, diabetes, immune system issues, inflammatory joint conditions, car
diovascular and neurological disorders, as well as malignant tumors, are worsened by oxidative stress, which dominated all other 
global causes of death [17,18]. It has been observed that phytocompounds significantly reduce ROS production and maintain redox 
homeostasis to prevent oxidative stress [19–21]. Besides, atherosclerosis, thrombosis, plaque rupture, myocardial damage, and failure 
like major cardiac disorders result from chronic inflammation triggered by oxidative stress [22,23]. According to several epidemio
logical studies, some inflammatory mediators promote malignant cell proliferation in the tumor microenvironment, induce metastasis 
and angiogenesis, and reshape the responses to hormones, chemotherapeutic agents, and the body’s adaptive immune system [24]. 
Since oxidative stress and inflammation go hand in hand, it stands to reason that compounds with an antioxidant function would be 
promising therapeutic options for treating inflammation [25]. Anti-inflammatory action is particularly noteworthy in this study 
because inflammation is a crucial factor in all chronic diseases. There is mounting evidence that chronic and excessive inflammation 
plays a significant role in the physiopathology of stress-related diseases, which account for 75–90% of all human illness [26]. As a 
result, researchers are working to identify and characterize antioxidant phytochemicals or natural treatments to tackle oxidative stress. 

Moreover, using a computational technique, plant-based bioactive compounds can be picked from an online library and screened 
with many target proteins, saving time and money and validating wet-lab results [27,28]. Thus, drug targets and pharmacological 
pathways can be more accurately anticipated. In silico approaches allow experimental and molecular biologists to create and validate 
vast amounts of data without wet labs. In recent years, molecular docking and computer-aided drug discovery (CADD) have become 
popular ways to create a novel moiety [29]. An efficient molecular docking method can pinpoint 3D protein binding location, ligand 
posture, and physical and chemical interactions [30]. 

Ophiorrhiza fasciculata D. Don (Family: Rubiaceae) is a flowering perennial herb or subshrub distributed in Nepal, particularly in 
Raniban, Balaju, Chalnakhel and Kathmundu, in India, mainly in Soureni, Mirik, Durtlang, and Mizoram. Pharmacological in
vestigations on this plant are very limited. However, the genus Ophiorriza has been reported to have a variety of biological activities, 
including anticancer, antiviral, anti-fungal, and anti-malarial properties. For example, the ethanolic extract isolated from the root, 
stem, and leaf of O. mungos possesses antiviral activity and is very effective against the herpes virus [31]. The whole plant of O. mungos 
and O. prostrata are reported to have antioxidant and cytotoxic activity [32,33]. A study reported that the root of O. mungos possesses 
high antioxidant activity compared to other parts like the root, stem, and leaf and is also a potent anticancer plant [34]. Krishnakumar 
et al. [33] compared the cytotoxic activity of the whole plant extract of O. mungos with O. prostrata. They found that O. prostrata holds 
high cytotoxic activity than the extract of O. mungos. These strong biological activities of Ophiorrhiza demonstrated the significance of 
this plant genus in the pharmaceutical industry for the preparation of various drugs. Previous phytochemical studies of this species also 
lead to the presence of a bioactive quaternary indole alkaloid ophiorrhizine and a quaternary glucoalkaloid bracteatine [35]. 

Psychotria silhetensis Hook. f. (Family: Rubiaceae) is a small understorey flowering shrub usually observed in open forests or un
derneath secondary forests and is widely distributed in India, mainly in Assam, Meghalaya, Arunachal Pradesh, Lakhimpur, Sivasagar, 
and in Bangladesh [36]. Despite no notable phytochemical investigation, the plant revealed a significant level of analgesic, 
anti-diarrheal, and CNS depressant activities [37] along with beneficial effects on diabetic hyperlipidemia [38]. Other plants of the 
same genus showed potential biological properties. For example: P. longipes and P. solitudinum revealed neurodegenerative activity. 
Antioxidant and antimutagenic activity were demonstrated by P. umbellata and P. brachyceras, respectively. Likewise, P. suterela, 
P. stachyoides showed positive anti-inflammatory effect in in-vitro studies of the crude extract and the leaves of P. capitata, P. forsteriana 
presented cytotoxic activity. Antibacterial activity of P. rostrata against Escherichia coli and Staphylococcus aureus and the anti-fungal 
effect of P. spectabilis against the filamentous fungi Cladosporium cladosporioides were remarkable [39]. 
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According to our searching knowledge, no phytochemical and pharmacological studies on the cytotoxicity, thrombolytic, mem
brane stabilizing, antioxidant, and antibacterial characteristics of these plants have previously been reported. As a result, this work 
aimed to investigate the lead phytochemicals from these plants and assess their in vitro pharmacological activities, focusing on 
cytotoxicity, thrombolysis, anti-inflammatory, antioxidant, and antibacterial capabilities. Molecular docking was also employed to 
predict and support the biological activities of the isolated compounds. 

2. Materials and methods 

2.1. Plant material 

The whole plant of P. silhetensis was gathered from Moulovibazar Hill tracts in February 2019. The plant O. fasciculata was collected 
from Sylhet in June 2019. A taxonomist and scientific officer of Bangladesh National Herbarium in Dhaka, Bangladesh, recognized and 
identified both collected plant samples. A voucher specimen has been officially documented for each plant, with an accession number, 
and securely stored at the Bangladesh National Herbarium in Dhaka for future reference. The accession number for P. silhetensis is 
DACB 56118 and for O. fasciculata is DACB 56119. 

2.2. Phytochemical investigation: extraction, fractionation, and isolation 

The powdered material of freshly collected, shed dried plant of O. fasciculata (760 g) and P. silhetensis (864 g) were macerated for 25 
days using distilled methanol (2.5 L was used for O. fasciculata and 3.0 L was used for P. silhetensis) accompanying occasional shaking. 
Subsequently, the solvent mixture was filtered by passing it through a new cotton plug followed by Whatman filter paper. A Buchi 
Rotavapor (manufactured by BUCHI Labortechnik AG, Flawil, Switzerland) was employed to acquire the concentrated extract. The 
Rotavapor was operated at 40 ◦C while maintaining lower pressure conditions [40]. 

The modified Kupchan technique [41] was used to partition the crude methanolic extracts to find hexane (PSH), dichloromethane 
(PSDCM), ethyl acetate (PSE), and aqueous (PSM) soluble fractions of both plants. To achieve this goal, 5 gm of raw extract was mixed 
with a solution containing 10% methanol in water. This mixture was then separated into four distinct fractions by sequentially using 
n-hexane, dichloromethane (DCM), ethyl acetate, and distilled water as extracting agents. The processes were done for five times. A 
total of 25 gm of each plant’s extract was used for fractionation. Eventually, all of these fractions of the both plants were evaporated 
until they became dry. 

With fine vacuum liquid chromatography (VLC) grade silica (Keisel gel 60H), the crude O. fasciculata extract was analyzed using 
vacuum liquid chromatographic technique. The vacuum was used to fill the column with high-quality fine silica (known as Kiesel gel 
60H) until it reached a height of 6 cm. The elution was commenced with n-hexane, polarity of which was gradually increased by adding 
more polar solvents like ethyl acetate and methanol. Each time, 10 mL of elute was collected into beakers, which were gradually 
numbered. Moreover, the n-hexane fraction (PSH) of P. silhetensis was subjected to silica gel (kieselgel 60H) column chromatography 
with different ratio of ethyl acetate in hexane solvent system collecting 6 ml of elute at once. The resulting TLC chromatogram was 
visually examined using UV light at wavelengths of 254 nm and 366 nm to identify any fluorescence quenching effects. Subsequently, 
the plate was meticulously observed after being treated with a 1% vanillin-sulfuric acid spray. To reveal the presence of colored 
compounds, the plate was heated at 105 ◦C for 2–3 min. Finally, 1H NMR spectra of the isolated compounds were captured using a 
Bruker AMX-400 NMR spectrometer operating at 400 MHz, while the 13C NMR spectra were taken at 100 MHz. All the spectra were 
gathered in a deuterated solvent (CDCl3), and the chemical shift (δ) values were calibrated against tetramethylsilane (TMS) and the 
signals from the leftover solvent [42,43]. 

2.3. Evaluation of cytotoxicity 

The bioassay of brine shrimp lethality [44] method has been utilized to assess the cytotoxic effect of the extracts and the fractions. 
Vincristine sulfate was used as a positive control, and the solvent control dimethyl sulfoxide (DMSO) as a negative control in the 
experiment [45]. For this experiment, a serial dilution technique was utilized to dissolve 4 mg of each test sample in DMSO, which 
resulted in variable concentrations (400, 200, 100, 50, 25, 12.5, 6.25, 3.125, 1.5625 and 0.78125 μg/mL) of solution. Ten living 
nauplii (Artemia salina) were placed in each test tube for the experiment and incubated for 24 h at room temperature and in light. The 
number of living nauplii in each vial was calculated and noted after incubation using a magnifying lens. The following equation (1) was 
used to determine the nauplii death rate.  

% of mortality = Number of the nauplii death/number of nauplii taken × 100 … … ….                                                                       (1)  

2.4. Thrombolytic activity 

In vitro thrombolytic activity was measured by blood clot lysis method, using a 15,00,000 IU vial of lyophilized streptokinase as a 
positive control and distilled water as a negative control [46]. Healthy participants’ venous blood was collected and incubated for 45 
min at 37 ◦C in pre-weighed sterile microcentrifuge tubes (1 mL/tube). Following the complete extraction of the serum after clot 
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formation, the clot developed in each tube was weighed. Each microcentrifuge tube containing pre-weighted clot received a separate 
aqueous solution of 100 μL of different partitions along with crude extract, which was then incubated for 90 min at 37 ◦C to analyze any 
clot lyses. The fraction of clot lyses was calculated using the following equation (2):  

Percent (%) of clot lysis = (Released clot weight/clot weight) × 100 … … ….                                                                                    (2)  

2.5. Anti-inflammatory effects 

Crude methanolic extracts of the plants and the derived fractions were tested for anti-inflammatory effectiveness using two 
different methods: heat-induced membrane stabilization and hypotonicity-induced HRBC membrane stabilization. Membrane stabi
lizing behavior in hypotonic and heat-induced solutions has been observed through methods known to utilize the capacity of the 
Shimadzu UV spectrophotometer at 540 nm to obtain the absorbance values of the supernatant fluids [47]. 

2.5.1. Hypotonic solution-induced hemolysis 
Distinct centrifuge tubes were filled with acetylsalicylic acid (0.10 mg/mL) which is utilized as a standard drug. The tubes were 

filled with 5 mL of 10 mM sodium phosphate buffer solution (pH 7.4) and 50 mM NaCl (a hypotonic solution) along with 0.50 mL 
suspension of erythrocyte (RBC) which were incubated at room temperature for 10 min with subsequent centrifugation with an rpm of 
3000 for approximately 10 min. After decantation and filtration of the soluble supernatant, the absorbance was measured for each 
tube. The following equation (3) was used to estimate the stabilization of the membrane:  

Percent (%) inhibition of hemolysis = [(OD1- OD2)/ OD1] × 100 … … ….                                                                                        (3) 

OD1 = Optical density of hypotonic-buffered saline solution (control) 
OD2 = Optical density of test sample in hypotonic solution. 

2.5.2. Heat-induced hemolysis 
Two separate groups of centrifugation tubes were filled with an extract/fraction of 1 mg/mL together with a 30 μL suspension of 

erythrocyte and 5 mL of isotonic buffer. The same mixture was used to fill two other centrifugation tubes, except for crude extract/ 
fraction. After gentle inversion of the tubes, one set of tubes was incubated in a water bath at 54◦C for 20 min, while the second set was 
maintained in an ice bath at 0–5◦C. To determine the absorbance of the supernatants, centrifugation of the resultant concoction was 
performed at an rpm of 1300 for 3 min. With the following equation (4), the percent (%) inhibition was calculated:  

Percent (%) inhibition of hemolysis = [{1 – (OD2-OD1)}/ (OD3- OD1)] × 100 … … ….                                                                      (4) 

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

2.6. Antioxidant activity 

The antioxidant activities of the extracts are assessed by DPPH free radical scavenging method, utilizing Tertbutyl-1- 
hydroxytoluene (BHT) as the positive control [48]. Here, methanolic solution of the extractives and control (2 mL) was interfused 
with 3.0 mL of a methanolic DPPH solution (20 μg/mL) to obtain several concentrations (500, 250, 125, 62.5, 31.25, 15.625, 7.813, 
3.906, 1.953 and 0.977 μg/mL). After a reaction time of about 30 min in dark, the absorbance was determined with methanol as blank 
at 517 nm with the help of a UV–visible spectrophotometer-1240 (Shimadzu Japan) at 25 ◦C. Standard and extractives of different 
concentrations were prepared from mother solutions (1000 μg/mL) by serial dilution technique. The DPPH Free radical inhibition by 
the samples was measured as a percentage (I%) inhibition with the following equation (5).  

Percent (I%) inhibition = (1 – Asample/Ablank) × 100 … … ….                                                                                                          (5) 

Ablank = absorbance of the control (with all reagents without the test material). Asample = absorbance of the sample. The IC50 value 
was estimated from the percentage of inhibition plotted against the concentration of the extract. 

2.7. Anti-bacterial activity 

A total of 13 different types of microbial species, comprising 5 Gram-positive (Bacillus cereus, B. megaterium, B. subtilis, Staphylo
coccus aureus and Sarcina lutea) and 8 Gram-negative (Escherichia coli, Pseudomonas aeruginosa, Salmonella paratyphi, Salmonella typhi, 
Shigella boydii, Sh. Dysenteriae, Vibrio mimicus and V. parahemolyticus) bacteria, were collected in their pure culture forms from the 
Bangladesh Council of Scientific and Industrial Research (BCSIR) situated in Dhaka, Bangladesh. The antibacterial activity of the crude 
plant extracts and their different fractions were evaluated by disc diffusion method [49]. In this process, filter paper discs of 6 mm 
diameter containing known quantities of test samples were mounted on nutrient agar medium and were seeded with the microor
ganisms uniformly which later subjected to drying and sterilization. Diffusion of antibiotics occurred through the agar gel from a 
confined source and generated a gradient of the concentration. Standard antibiotic discs of ciprofloxacin were used as positive control 
and for negative control blank discs were utilized. These petri dishes were held at low temperature (4 ◦C) for about 16–24 h to permit 
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optimum diffusion of the test sample to adjacent media [49] following inversion and incubation at 37 ◦C for optimum growth of the 
species for 24 h. Growth of microbes in the media around the discs was halted by the test samples having antibacterial effect and thus 
yielded a large and distinct place called zone of inhibition whose diameter was then determined to assess antibacterial activity of the 
test samples [49,50]. 

2.8. Molecular docking 

A computational modeling investigation of these compounds and the chosen reference drugs against their target proteins was 
conducted to forecast the receptor binding profile of these isolated compounds and support the biological activities of the explored 
extracts and fractions. Following the procedures outlined in several prior published literatures, the molecular docking intervention of 
these phytocompounds was performed using PyRx, PyMoL 2.3, and BIOVA Discovery Studio version 4.5 [28,51–55]. 

2.8.1. Ligand preparation 
The structural representation of both separated phytocompounds (1 and 2) is shown in Fig. 1. These chemicals were identified as 

licarin B (PubChem CID: 6441061) and stigmasterol (PubChem CID: 5280794) in the PubChem database (https://pubchem.ncbi.nlm. 
nih.gov/; retrieved on June 1, 2022).. The standard drugs vincristine (PubChem CID: 5978), warfarin (PubChem CID: 54678486), 
diclofenac (PubChem CID: 3033), antioxidant BHT (PubChem CID: 31404), and antibacterial agent ciprofloxacin (PubChem CID: 
2764) were obtained and secured in SDF format. After serially loading the ligands into Discovery Studio version 4.5, a ligand library in 
PDB format was constructed utilizing the PubChem CIDs of the ligands. To improve the precision of molecular interaction for all 
phytoconstituents and standard ligands, the Pm6 semi-empirical technique was applied [56]. 

2.8.2. Protein preparation 
The potential cytotoxicity, thrombolytic, anti-inflammatory, antioxidant, and antibacterial properties of the isolated and identified 

compounds were projected using computational docking approach. Based on previously published data, the succeeding proteins were 
chosen for the molecular interaction: epidermal growth factor receptor (PDB ID: 1XKK), tissue plasminogen activator (PDB ID: 1A5H), 
vFLIP-IKK gamma stapled peptide dimer (PDB ID: 5LDE), glutathione reductase (PDB ID: 3GRS), and dihydrofolate reductase (DHFR) 
enzyme (PDB ID: 4M6J) to estimate cytotoxicity, thrombolytic, anti-inflammatory, antioxidant, and antibacterial effects, respectively 
[54,57]. The selected proteins’ three-dimensional (3D) crystal structures were obtained from the RCSB protein data bank (https:// 
www.rcsb.org; retrieved on June 1, 2022) and then downloaded in PDB format. All macromolecules were processed with the 
PyMoL 2.3 tool to remove any water molecules and unneeded protein residues. Non-polar hydrogen atoms were inserted into the 
cleaned proteins to assemble them. They were then altered to their lowest energy state using a Swiss PDB viewer, an energy mini
mization tool [58]. After cleaning and optimizing the macromolecules, they were saved in PDB format for further investigation. 

2.8.3. Ligand-protein interaction 
Utilizing molecular docking, it was inferred the separated plant metabolites’ likely binding patterns and affinities for the target 

biomolecules [59]. A semiflexible modeling approach was used throughout the computationally assisted interaction procedure, which 
was carried out using the widely used advanced program PyRx AutoDock Vina for molecular docking. The targeted protein had been 
loaded and assigned a macromolecule label in PyRx. The amino acids with three-letter IDs from the literature [54,57] were chosen to 
pinpoint the site-specific ligand-protein interaction. All ligands’ 3D conformers (in SDF format) were imported into the PyRx program 
and optimized for energy reduction. All ligands were converted to pdbqt format in the PyRx AutoDock Vina software using the Open 
Babel tool before the most optimal hit was included. The grid box was then constructed, the active binding sites for the proteins were 
preserved in its center, and the grid box mapping was documented. The grid box mapping for the 1XKK protein was set to the co
ordinates: center (X, Y, Z): (16.0758, 34.4556, 35.7611), and dimensions (angstrom) (X, Y, Z): (24.2073, 19.3553, 31.9913). The 
center grid box mapping for the 1A5H protein was (X, Y, Z): (8.4907, 40.8182, 55.1729), and for the mapping was (X, Y, Z): (19.1990, 
24.7990, 20.9212) for dimensions. The center coordinates and dimensions (angstrom) for the 5LDE protein were (X, Y, Z): (− 12.3695, 

Fig. 1. The chemical structures of the isolated compounds (compound 1: (±)-Licarin B and compound 2: stigmasterol).  
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9.9898, − 23.5979) and (X, Y, Z): (25.0, 23.1405, 25.0), respectively. Similarly, the center of the generated grid box during the docking 
with 3GRS protein was (X, Y, Z): (50.4368, 48.1950, 12.3615), and the size was (X, Y, Z): (37.0910, 28.8059, 45.1400). Finally, the 
center (X, Y, Z): 2.9689, − 3.2318, − 17.7148) and size (X, Y, Z): 21.7239, 28.4107, 26.8499) of the grid box were recorded during the 
docking of the compounds with the 4M6J protein. The other docking process parameters were left at their default settings. In all 
relevant instances, AutoDock Vina was utilized for docking (version 1.1.2). The results of the docking analysis were projected, and the 
docked macromolecules and ligands were exported as out files (pdbqt format). The out files for the ligands and the pdbqt file for the 
macromolecule were concatenated and saved in PDB format for further viewing using PyMol software. Then, 3D and 2D figures were 
visualized and generated using the Discovery Studio Visualizer (version 4.5). 

2.9. ADMET and drug-likeliness prediction 

The pharmacokinetic properties in terms of absorption, distribution, metabolism, and excretion (ADME) and toxicity were pre
dicted by utilizing the online tool pkCSM (https://biosig.lab.uq.edu.au/pkcsm/prediction; accessed on November 1, 2022). All 
compounds were evaluated for their potential drug-like qualities using Lipinski’s rule of five (molecular weight not exceeding 500; H- 
bond donors < 5; H-bond acceptors < 10; lipophilicity value LogP ≤ 5; and molar refractivity ranging from 40 to 130) by using the 
Swiss ADME online tool (www.swissadme.ch; accessed on November 1, 2022). 

2.10. Statistical analysis 

All in vitro analyses were performed using MS Excel version 10. 

3. Results 

3.1. Phytochemical studies 

During the extraction process, 48.9 g of gummy exudate was obtained from O. fasciculata, representing a yield of 6.43%. Similarly, 
P. silhetensis yielded 94.5 g of gummy exudate, accounting for 10.93% of the yield. In case of the isolation of phytoconstituents from 
O. fasciculata, the collected elute from beakers 8–9 and 10–11 were mixed and subjected to TLC analysis followed by preparative TLC 
using 2% ethyl acetate in toluene as a solvent system which led to the isolation of compound 1. The compound 1 was characterized as 
(±)-Licarin B (Fig. 1). Furthermore, elute 46–60 (17.5% ethyl acetate in hexane) after TLC monitoring and repetitive preparative TLC 
revealed the presence of stigmasterol (Fig. 1). Moreover, the purity of the isolated substances was verified by detecting a solitary mark 
on the TLC plate. The application of vanillin-sulfuric acid spray onto the TLC plate resulted in a pinkish-brown mark, which appeared 
after a brief heating period, accompanied by calculating Rf value of 0.63 for compound 1. This was achieved using a solvent system of 
5% ethyl acetate in toluene on silica gel PF254 plates. In case of compound 2, when the TLC plate was treated with a solution containing 
1% vanillin-sulfuric acid and then subjected to heating at 110 ◦C for a few minutes, a pink spot emerged. The compound 2 was 
determined to be soluble in both chloroform and ethyl acetate. 

Table 1 
13C, 1H, HSQC, DEPT-135, COSY and HMBC spectral data for Compound 1. [13C: 100 MHz, CDCl3,1H and 2D NMR: 400 MHz, CDCl3].  

Position 13C (δC, ppm) 1H (δH, ppm), J in Hz HSQC DEPT- 
135 

COSY HMBC 

2 93.40 5.12 (d, J = 9.2) 93.40 CH/CH3 3.44 (H-3) 106.80 (C-2′); 120.18 (C-6′) 
3 45.78 3.44 (m) 45.78 CH/CH3 5.12 (H-2)  
4 113.38 6.78 (s) 113.38 CH/CH3   

5 134.38      
6 109.40 6.80 (s) 109.40 CH/CH3  113.38 (C-4); 134.38 (C-5); 130.94 (C-1″); 144.14 (C-7) 
7 144.14      
8 146.54      
9 132.25      
1′ 133.11      
2′ 106.80 6.95 (s) 106.80 CH/CH3  147.91 (C-3′); 120.18 (C-6′); 93.40 (C-2) 
3′ 147.91      
4′ 147.61      
5′ 108.07 6.80 (d, J = 8.0) 108.07 CH/CH3 6.90 (H-6′) 147.61 (C-4′); 133.11 (C-1′) 
6′ 120.18 6.90 (d, J = 15.6) 120.18 CH/CH3 6.80 (H-5′) 108.07 (C-5′); 147.61 (C-4′); 93.40 (C-2) 
1″ 130.94 6.38 (d, J = 16.0) 130.94 CH/CH3 1.89 (2″-CH3) 

6.13 (H-2″)  
2″ 123.47 6.13 (dq, Jd = 16.0, Jq = 6.8) 123.47 CH/CH3 1.89 (2″-CH3) 

6.38 (H-1″)  
3-CH3 17.92 1.40 (d, J = 6.8 Hz) 17.92 CH/CH3  45.78 (C-3); 93.40 (C-2) 
2″-CH3 18.34 1.89 (d, J = 5.6) 18.34 CH/CH3 6.13 (H-2″) 

6.38 (H-1″) 
123.47 (C-2″); 130.94 (C-1″) 

7-OCH3 55.99 3.91 (s)  CH/CH3  144.14 (C-7) 
-CH2- 101.09 5.98 (s) 101.09 CH2  147.61 (C-4′); 147.91 (C-3′)  
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3.1.1. Compound 1 [(±)-Licarin B] from O. fasciculata 
Compound 1 was isolated from VLC Fraction No. 4–9 by Preparative TLC of Fraction 8–9 and 10–11 of the methanolic extract of 

O. fasciculata as colorless liquid (Supplementary Table S1). Vanillin-sulfuric acid spray on the developed plate gave a pinkish brown 
spot after heating for few minutes with Rf value of 0.63 in 5% ethyl acetate in toluene over silica gel PF254 plates. The structure of 
compound 1 was elucidated by extensive NMR studies, including 1H NMR and 13C NMR spectroscopy, DEPT-135, HSQC, HMBC and 
COSY (Table 1 and supplementary Figures S1-S6). The HMBC and COSY correlation of (±)-Licarin B was showed in Fig. 2. 

The 1H NMR signals at δH 5.12 (1H, d, J = 9.2 Hz) and δH 3.44 (1H, m) suggest that the presence of 2, 3-dihydrofuran ring, while the 
downfield signals at δH 6.78 (1H, s) and δH 6.80 (1H, s) suggest that the presence of meta-disubstituted aromatic ring fused with furan. 
The 13C NMR signals at δC 93.40 (d, C-1), 45.78 (d, C-2), 132.25 (s, C-9), 113.38 (d, C-4), 134.38 (d, C - 5), 109.40 (d, C- 6), 144.14 (s, 
C-7) and 146.54 (s, C- 8) substantiate the presence of benzofused- 2,3- dihydrofuran ring with the substitution at C-5 and C-7. The 
additional downfield 1H NMR signals at δH 5.98 (2H,s), 6.95 (1H, s), 6.90 (1H,d, J = 15.6 Hz) and 6.80 (1H, d, J = 8.0 Hz) along with 
13C NMR signals at δC 101.09 (t, –CH2-), 106.80 (d, C-2′), 120.18 (d, C-6′), 133.11 (s, C-1′), 108.07 (s, C-5′), 147.61 (s, C-4′) and 147.91 
(s, C-3′) confirm the presence of monosubstituted piperonyl moiety. The connectivity of H-2 (δH 5.12) with C-2’ (δC 106.80) and C-6’ 
(δC 120.18) in HMQC and the presence of tertiary carbon at C-1′ confirms that the piperonyl moiety is connected to 2, 3-dihydroben
zofuran ring through C-2 and C-1′ linkage. The 1H NMR signal at δH 3.91with three proton intensity and 13C NMR signals at δC 55.99 (q) 
is due to the existence of a methoxy groups in the molecule. The 1H NMR signals at δH 1.89 (3H, d, J = 5.6 Hz), 6.13 (1H, dq, Jd = 16.0 
Hz, Jq = 6.8 Hz) and 6.38 (1H, d, J = 16.0 Hz) along with 13C NMR signals at δC 18.34(q), 123.47 (d) and 130.94 (d) indicate the 
presence of propenyl moiety. The singlet carbon signal at C-7 (s, δC 144.14) proposes the position of a methoxy group, which leave C-5 
position for propenyl moiety. The very up-field doublet at δH1.40 in 1H NMR and δC 17.92 in CMR suggest the presence of a methyl 
group at C-3 showed connectivity with C-3 and C-2 in HMBC. Thus, the structure of compound 1 can be proposed as (±)-Licarin B [42]. 
This is the first report of isolation of this compound from this plant family as of our searching knowledge. 

3.1.2. Compound 2 [stigmasterol] from P. silhetensis 
During extraction of compound 2, the used solvent systems as mobile phases in silica gel column chromatography of n-hexane 

soluble partitionate of P. silhetensis are summarized in Supplementary Table S2. Compound 2 showed indications suggestive of a 
steroidal compound in 1H NMR (400 MHz, CDCl3). It had a one proton multiplet at 3.55, which was at the position and multiplicity of 
H-3 of a steroidal nucleus. The steroidal skeleton’s characteristic olefinic H-6 was seen as a doublet (J = 7.0 Hz) at 5.37 that integrated 
for one proton. At 5.18 and 5.04, it also revealed olefinic protons (H-22 and H-23). Signals at 0.7 and 1.1 (3H each) in the spectrum 
were assigned to two tertiary methyl groups at C-13 (H3-18) and C-10 (H3-19), respectively (Table 2). 

The methyl groups at C-25 are responsible for two doublets (J = 7.0 Hz) centered at 0.85(H3-26) and 0.86(H3-27). The methyl 
group at C-20 was assigned to the doublets (J = 6.4 Hz) at 1.02(H3-21). The primary methyl linked to C-28, on the other hand, might be 
attributed to the doublet (J = 7.0 Hz) of three proton intensities at 0.92 (H3-29). The primary methyl group connected to C-18 and C-19 
might be attributed to two singlets of three proton intensity at 0.7 and 1.1, respectively (Table 2). The spectrum obtained from 1H NMR 
has been reported in the supplementary Figure S7. The spectral characteristics described above are quite like those seen in stigmasterol 
[43]. The identification of Compound 2 was established by co-TLC of the compound with previously identified authentic stigmasterol. 

3.2. Cytotoxicity 

In a brine shrimp lethality test, the petroleum ether soluble fraction of O. fasciculata and the aqueous soluble fraction of P. silhetensis 
showed the highest cytotoxicity (LC50 = 1.41 g/mL and 1.94 g/mL, respectively) in compared to the standard vincristine sulfate (LC50 
= 0.451 g/mL) (Table 3). Furthermore, both the DCM soluble fraction of O. fasciculata and the petroleum ether soluble fraction of 
P. silhetensis (LC50 = 12.13 g/mL and 8.71 g/mL, respectively) exhibited mild lethality whereas the remaining fractions of both plants 
revealed poor cytotoxicity (Table 3). It is noted that the detailed calculation with the curves have been tabulated in Supplementary 
Tables S3–S12. 

Fig. 2. HMBC and COSY correlation of (±)-Licarin B.  
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3.3. Thrombolytic activity 

The crude methanolic extracts and different soluble fractions of both P. silhetensis and O. fasciculata were assessed for thrombolytic 
activity using streptokinase as a positive control and distilled water as a negative control. The petroleum ether soluble fraction of 
O. fasciculata and the aqueous soluble fraction of P. silhetensis had the highest thrombolytic activity (in vitro), with 46.66% and 50.10% 
clot lyses, respectively (Table 4). 

3.4. Anti-inflammatory 

In hypotonic and heat-induced conditions, the crude extract and dichloromethane soluble fraction of O. fasciculata prevented 
human erythrocyte hemolysis by 64.03% and 37.08% respectively, compared to the value of 81.97% and 42.12% shown by acetyl 
salicylic acid (standard drug) (Table 3). Likewise, in conditions affected by hypotonic solution and heat, the aqueous fraction of 
P. silhetensis reduced human erythrocyte hemolysis by 17.59% and 32.47%, respectively, compared to 72.30% and 41.9% for the same 
standard acetylsalicylic acid (Table 5). It is noted that the detailed calculation has been tabulated in Supplementary Tables S13–S16. 

3.5. Antioxidant 

The antioxidant activity of different extractives was compared to that of conventional BHT in the study (Table 4). When compared 
to BHT (IC50 = 21.20 μg/mL), the aqueous soluble fraction, chloroform fraction, and petroleum ether fraction of O. fasciculata had the 

Table 2 
1H NMR spectral data of Compound 1 and the reference values of 1H NMR obtained from Chaturvedula et al. [43], 
in CDCl3.   

Position 
Compound 1 Stigmasterol [43] 

δH, multi, J in Hz δH, multi, J in Hz 

H-3 3.55, m 3.52, m 
H-6 5.37, d (J = 7.0 Hz) 5.35, d (J = 7.0 Hz) 
H3-18 0.7, s 0.69, s 
H3-19 1.1, s 1.01, s 
H3-21 1.02, d (J = 6.4 Hz) 1.02, d (J = 6.6 Hz) 
H-22 5.18, dd (J = 12 and 8 Hz) 5.15, dd (J = 12 and 8 Hz) 
H-23 5.04, dd (J = 12 and 8 Hz) 5.03, dd (J = 12 and 8 Hz) 
H3-26 0.84, d (J = 7.0 Hz) 0.79, d (J = 7.0 Hz) 
H3-27 0.80, d (J = 7.0 Hz) 0.84, d (J = 7.0 Hz) 
H3-29 0.92, d (J = 7.0 Hz) 0.80, d (J = 7.0 Hz)  

Table 3 
In vitro cytotoxic properties with LC50 (obtained from brine shrimp lethality assay) values of methanolic extracts and their 
various solvent fractions of Ophiorrhiza fasciculata and Psychotria silhetensis.  

Test samples Ophiorrhiza fasciculata Psychotria silhetensis 

LC50 (μg/mL) LC50 (μg/mL) 

Methanol (crude) extract 31.08 26.23 
Petroleum ether fraction 1.41 8.71 
Dichloromethane fraction 12.13 164.55 
Chloroform fraction 51.27 215.54 
Aqueous fraction 174.4 1.94 
Vincristine sulfate (Standard) 0.451 0.451  

Table 4 
In vitro thrombolytic properties with % lysis of methanolic extracts and their various solvent fractions of Ophiorrhiza 
fasciculata and Psychotria silhetensis.  

Test samples Ophiorrhiza fasciculata Psychotria silhetensis  

% clot lyses % clot lyses 

Methanol extract 10.93 16.59 
Petroleum ether fraction 46.66 6.32 
Dichloromethane fraction 30.26 23.74 
Chloroform fraction 24.72 8.34 
Aqueous fraction 11.64 50.10 
Blank 5.44 5.44 
Streptokinase 66.98 66.98  
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promising antioxidant activity (IC50 = 7.22, 26.88, and 79.39 μg/mL, respectively), whereas all other fractions of both plant had a 
negligible scavenging effect (Table 6). 

3.6. Antibacterial effects 

For anti-bacterial screening, chloroform, and dichloromethane soluble fraction of P. silhetensis showed a minute activity against 
bacterial growth whereas no extracts or fractions of O. fasciculata exhibited any antibacterial activity when compared to standard 
ciprofloxacin (Table 7). 

3.7. Molecular docking 

In order to understand the mechanism of pharmacological activities of the extracts and fractions obtained from O. fasciculata and 
P. silhetensis, molecular docking of the plant-derived bioactive components to the corresponding molecular receptors was performed 
using numerous applicable computer-based approaches. The results of PyRx docking are all shown in Table 8 and Fig. 3 (A-J) and 4 (A- 
J). The amino acids that interact with the ligand atoms are listed in Supplementary Tables S17 and S18, together with information 
about the interactions’ nature, bond types, and bond lengths. The binding strength increases as the binding affinity’s numerical value 
(kcal/mol) decreases. The best docking prediction was the anticipated binding affinity, which had a zero root mean square deviation 
[44]. Both isolated compounds 1 and 2 (licarin B and stigmasterol) exerted higher binding affinities towards the epidermal growth 
factor receptor (− 9.5 and − 9.8 kcal/mol), tissue plasminogen activator (− 7.9 and − 7.7 kcal/mol), vFLIP-IKK gamma stapled peptide 
dimer (− 6.3 and 7.0 kcal/mol), glutathione reductase (both are − 8.5 kcal/mol), and dihydrofolate reductase enzyme (both are − 8.4 
kcal/mol),revealing better cytotoxic, thrombolysis, anti-inflammatic, antioxidative, and antibacterial potentials than the standard 
drugs vincristine, warfarin, diclofenac, butylated hydroxytoluene, and ciprofloxacin. Fig. 3 (A-J) displays the 3D and 2D molecular 
interactions of compound 1 (licarin B) with these chosen proteins. Similarly, Fig. 4 (A-J) depicts the 3D and 2D molecular interactions 
of compound 2 (stigmasterol) with these specific proteins. 

3.8. ADMET prediction and drug-likeliness 

Poor absorption, distribution, metabolism, excretion, and toxicological profiles are widely acknowledged to hinder effective 
pharmacological action. The biggest downside of drug development in clinical research is its pharmacokinetic features, which may 
make it exceedingly pricey. Consequently, in silico techniques were utilized to evaluate ADMET properties and estimate the drug 
likeliness of the isolated compounds being therapeutic development candidates [60–62]. All the values obtained from the server-based 
ADMET and drug likeness analyses were tabulated in Table 9. Notably, both isolated compounds showed high intestinal absorption 
rate (licarin B = 96.57% and stigmasterol = 94.97%) and good Caco2 permeability. Both compounds acted as P-glycoprotein I in
hibitors and showed good volume of distribution at steady state (VDss). Compound 2 exerted the higher blood-brain barrier (BBB) 
permeability than the compound 1. 

Table 5 
Anti-inflammatory effects (% inhibition of hemolysis) of methanolic extracts and their various solvent fractions of Ophiorrhiza fasciculata and Psy
chotria silhetensis.   

Test samples 
Ophiorrhiza fasciculata Psychotria silhetensis 

% Inhibition of hemolysis % Inhibition of hemolysis 

Hypotonic solution-induced Heat-induced Hypotonic solution-induced Heat-induced 

Methanol extract 64.03 31.20 5.99 2.02 
Petroleum ether fraction 63.94 34.97 5.08 20.62 
Dichloromethane fraction 38.76 37.08 12.96 10.70 
Chloroform fraction 29.34 28.68 7.20 24.19 
Aqueous fraction 23.84 11.03 17.59 32.47 
Acetylsalicylic acid 81.97 42.12 72.30 41.90  

Table 6 
Antioxidant potentials with IC50 (obtained from DPPH assay) of methanolic extracts and their various solvent fractions 
of Ophiorrhiza fasciculata and Psychotria silhetensis.  

Test samples Ophiorrhiza fasciculata Psychotria silhetensis 

IC50 (μg/mL) IC50 (μg/mL) 

Methanol (crude) extract 822.7 573.07 
Petroleum ether fraction 79.39 1294.38 
Dichloromethane fraction 742.62 370.09 
Chloroform fraction 26.88 239.85 
Aqueous fraction 7.22 341.77 
BHT 21.20 21.20  
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Inhibiting the human cytochrome (CYP450) and its primary isoforms (CYP2D6 and CYP3A4), which are responsible for liver 
metabolism, may result in drug toxicity and other side effects, such as drug-drug interactions [61,62]. In our study, no compound acted 
as CYP2D6 and CYP3A4 inhibitors. In the case of renal clearance, compound 2 (stigmasterol) exhibited total clearance (expressed as 
log ml/kg/min) 0.618 and acted as renal OCT2 (organic cation transporter 2) non-substrate. Both compounds showed no AMES 
toxicity and hepatotoxicity. Besides, the compounds have exhibited no association with skin sensitization and no inhibition of hERG I 
(Table 9). The obtained LD50 values of the substances indicated no acute oral toxicity according to the OECD 423 model [63], and they 
were classified as class VI (’non-toxic’) according to the Oral Toxicity Classification. Moreover, both drugs satisfied Lipinski’s rule of 
five with a bioavailability score of 0.55 in drug likeliness analysis. 

The bioavailability radar images of the isolated compounds have been presented in Fig. 5 (A, B), where the oral bioavailability 
space is marked by the pink area. The radar profile of a compound must perfectly match it to function as a drug-like moiety. Although 
the radar profile of compound 1 entirely fitted within the pink area, the compound 2 violated two criteria, i.e., lipophilicity (− 0.7 <
XLOGP3 < +5.0) and insolubility (0 < LogS (ESOL) < 6). 

Moreover, two pharmacokinetic features that must be evaluated at various stages of the drug development process are gastroin
testinal absorption and blood-brain barrier (BBB) permeability. Using the brain or intestinal estimated permeation (BOILED-Egg) 
model based on the lipophilicity (WLOGP) and polarity (topological polar surface area (TPSA), these two parameters of the isolated 
compounds (1 and 2) were assessed (Fig. 6). The BOILED-Egg model offers an excellent contribution to lead optimization. In order to 
estimate the passive gastrointestinal absorption and brain access of small molecules, the model offers a quick, intuitive, easily 
reproducible, yet statistically unprecedented robust method [64]. The compounds in the white area have high intestine absorption, but 
the molecules inside the yolk (yellow area) have high BBB permeability (Fig. 6). The color of the dots indicates whether a molecule is a 
P-glycoprotein substrate (blue) or non-substrate (red) [61]. Accordingly, the compound 1 exerted high penetration to BBB and the 
compound was found to be P-glycoprotein non-substrate. 

4. Discussion 

Compounds originating from plants are currently being used to treat a wide range of physiological conditions. In recent years, 
natural therapies based on medicinal plants and herbs have gained popularity due to their efficiency, purity, and cost-effectiveness in 

Table 7 
Antibacterial effects of dichloromethane and chloroform fractions of Psychotria silhetensis.   

Test Organism 
P. silhetensis (zone of inhibition, mm) Standard drug (ciprofloxacin) 

Dichloromethane fraction Chloroform fraction 

Bacillus cereus 8 8 40 
Bacillus megaterium 8 10 42 
Bacillus subtilis 0 8 38 
Staphylococcus aureus 0 8 41 
Sarcina lutea 8 12 37 
Escherichia coli 0 0 38 
Pseudomonas aeruginosa 8 8 45 
Salmonella paratyphi 0 0 43 
Salmonella typhi 0 8 39 
Shigella boydii 10 0 42 
Shigella dysenteriae 8 12 40 
Vibrio mimicus 8 10 40 
Vibrio parahemolyticus 0 0 47  

Table 8 
Molecular docking scores or binding affinity (kcal/mol) retrieved from in silico interactions of the isolated compounds licarin B, stigmasterol, and the 
standard drugs during the interaction with epidermal growth factor receptor (PDB ID: 1XKK), tissue plasminogen activator (PDB ID: 1A5H), vFLIP- 
IKK gamma stapled peptide dimer (PDB ID: 5LDE), glutathione reductase (PDB ID: 3GRS), and dihydrofolate reductase (DHFR) enzyme (PDB ID: 
4M6J) for assessing the cytotoxicity, thrombolytic, anti-inflammatory, antioxidant, and antibacterial activities, respectively.  

Com. No. Name of 
Compounds/Drugs 

PubChem 
ID 

Binding affinity towards corresponding receptors/macromolecules (kcal/mol) 

1XKK 
(Cytotoxicity) 

1A5H 
(Thrombolytic) 

5LDE (Anti- 
inflammatory) 

3GRS 
(Antioxidant) 

4M6J 
(Antibacterial) 

1 Licarin B 6441061 ¡9.5 ¡7.9 ¡6.3 ¡8.5 ¡8.4 
2 Stigmasterol 5280794 ¡9.8 ¡7.7 ¡7.0 ¡8.5 ¡8.4 
Standard 

drugs 
Vincristine 5978 − 5.8     
Warfarin 54678486  − 7.4    
Diclofenac 3033   − 5.5   
BHT 31404    − 5.8  
Ciprofloxacin 2764     − 8.2 

BHT = Butylated hydroxytoluene. 
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treating various diseases [65,66]. The present study has demonstrated the isolation and identification of licarin B and stigmasterol 
from O. fasciculata and P. silhetensis, respectively. Based on a thorough literature search, we believe this is the first report of isolating all 
these constituents (compound 1 and 2) from these plant species. The current investigation also revealed potential cytotoxic, throm
bolytic, anti-inflammatory, antioxidant, and antibacterial activities of the crude extracts and their several solvent fractions derived 
from the plants. 

The present study focused on evaluating different extractives of O. fasciculata and P. silhetensis for their several bioactivities and 

Fig. 3. The 3D and 2D molecular interactions of compound 1 (licarin B) with the epidermal growth factor receptor (PDB ID: 1XKK) (A,B), tissue 
plasminogen activator (PDB ID: 1A5H) (C,D), vFLIP-IKK gamma stapled peptide dimer (PDB ID: 5LDE) (E,F), glutathione reductase (PDB ID: 3GRS) 
(G,H), and dihydrofolate reductase (DHFR) enzyme (PDB ID: 4M6J) (I,J) for assessing the cytotoxicity, thrombolytic, anti-inflammatory, antiox
idant, and antibacterial activities, respectively. 
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concluded that the petroleum ether soluble fraction of O. fasciculata and aqueous soluble fraction of P. silhetensis retained potent 
cytotoxic characteristics based on LC50 values at low concentrations, and therefore needed to be evaluated against cell lines both 
cancerous and normal. It has been shown that petroleum ether and dichloromethane soluble fractions of O. fasciculata exerted higher 
cytotoxicity, which may contain cytotoxic or anticancer molecules. In addition, the binding affinity (kcal/mol) of the both isolated 
compounds were significantly higher than that of the standard vincristine when docked against the epidermal growth factor receptor 
(EGFR) protein. This protein is directly involved in the process of cellular signal transduction as well as the maintenance of cellular 
functions. Numerous cancer types, including ovarian, breast, and colon cancer, progress more quickly when EGFR is overproduced 

Fig. 4. The 3D and 2D molecular interactions of compound 2 (stigmasterol) with the epidermal growth factor receptor (PDB ID: 1XKK) (A,B), tissue 
plasminogen activator (PDB ID: 1A5H) (C,D), vFLIP-IKK gamma stapled peptide dimer (PDB ID: 5LDE) (E,F), glutathione reductase (PDB ID: 3GRS) 
(G,H), and dihydrofolate reductase (DHFR) enzyme (PDB ID: 4M6J) (I,J) for assessing the cytotoxicity, thrombolytic, anti-inflammatory, antiox
idant, and antibacterial activities, respectively. 
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[54]. The extracellular signal-regulated kinase (ERK) pathway is stimulated by EGFR, whereas the c-Jun NH2-terminal kinase (JNK) 
and p38 signaling pathways are activated by ROS, UV radiation, and inflammatory cytokines such as tumor necrosis factor-alpha 
(TNF-α)- and interleukin (IL)-1 [67]. Therefore, inhibiting EGFR could be an intriguing target for developing particular anticancer 
agents [54]. The activities could be attributed to the compound’s propensity for hydrophobic interactions with proteins via alkyl, 
pi-alkyl and pi-sigma bonds. Licarin B, compound 1, demonstrated the formation of three H-bonds. Both substances (compounds 1 and 
2) showed superior fit to the EGFR active sites and generated 9 to 15 hydrophobic contacts. Numerous researches have noted the 
anti-proliferative effects of licarin B, even though its exact mode of action is yet unknown [68]. Furthermore, stigmasterol (compound 
2) has exerted anti-carcinogenic effects reported in many studies [69–71]. The compound 2 shows anticancer effects in a variety of 
methods, most notably by drastically decreasing the transcript level of tumor necrosis factor-alpha (TNF-α), activating the 
ER-mitochondrial axis, and inducing apoptosis caspase-8, 9 [69,72,73]. 

Thrombosis is one of the leading causes of morbidity and mortality across a broad spectrum of vascular illnesses [74]. In presence of 
activated thrombin, the conversion of fibrinogen to fibrin results in the formation of a thrombus or blood clot. Damaged tissues release 

Table 9 
Absorption, distribution, metabolism, excretion, toxicity (ADMET) and drug-likeliness prediction of the isolated compounds.  

Properties Model name (Unit) Compounds 

Licarin B (1) Stigmasterol (2) 

Absorption Water solubility (log mol/L) − 5.195 − 6.682 
Caco2 permeability (log Papp in 10− 6 cm/s) 2.236 1.213 
Intestinal absorption (human) (% absorbed) 96.573 94.97 
Skin Permeability (log Kp) − 2.496 − 2.783 
P-glycoprotein substrate Yes No 
P-glycoprotein I inhibitor Yes Yes 
P-glycoprotein II inhibitor No Yes 

Distribution VDss (human) (log L/kg) 0.502 0.178 
BBB permeability (log BB) − 0.136 0.771 
CNS permeability (log PS) − 1.528 − 1.652 

Metabolism CYP2D6 substrate No No 
CYP3A4 substrate Yes Yes 
CYP2D6 inhibitior No No 
CYP3A4 inhibitior No No 

Excretion Total Clearance (log ml/min/kg) 0.034 0.618 
Renal OCT2 substrate Yes No 

Toxicity AMES toxicity No No 
hERG I inhibitor No No 
Hepatotoxicity No No 
Skin Sensitization No No 
Oral Rat Acute Toxicity (LD50) (mol/kg) 2.416 2.54 
Oral Rat Chronic Toxicity (LOAEL) (log mg/kg_bw/day) 1.837 0.872 

Drug-likeness Lipinski’s Rule of Five Yes Yes 
Bioavailability Score (%) 0.55 0.55  

Fig. 5. Physicochemical radar images of the isolated compounds [(A) = licarin B and (B) = stigmasterol)] considering six physicochemical pa
rameters (lipophilicity, size, polarity, solubility, flexibility, and saturation), where the colored zone is suitable for oral bioavailability. [Here; LIPO =
Lipophilicity (− 0.7 < XLOGP3 < +5.0), SIZE = 150 g/mol < MV < 500 g/mol, POLAR (Polarity) = 20 Å2 < TPSA <130 Å2, INSOLU (Insolubility) =
0 < LogS (ESOL) < 6, INSATU (Instauration) = 0.25 < Fraction Csp3 < 1, FLEX (Flexibility): 0 < Num. of rotatable bonds <9]. 
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tissue plasminogen activator (t-PA), which transforms plasma protein plasminogen into plasmin, dissolving the blood clot. Patients 
with blocked veins or arteries are treated with fibrinolytic medications that eradicate thrombi by activating tissue plasminogen 
activator (t-PA) and exerting a thrombolytic effect [75]. Reducing platelet aggregation is protective against certain heart disorders, 
such as atherosclerosis [76]. In this current study, the petroleum ether soluble fraction of O. fasciculata and aqueous soluble fraction of 
P. silhetensis exhibited significant thrombolytic activity (46.66% and 50.10% clot lysis, respectively). This finding may benefit the 
development of recombinant variants of first-generation thrombolytic agents associated with systemic fibrosis and bleeding compli
cations [77,78]. In addition, the binding affinities towards human tissue plasminogen activator of both substances isolated from these 
plants (licarin B = − 7.9 kcal/mol and stigmasterol = − 7.7 kcal/mol) were greater than those of the conventional thrombolytic drug 
warfarin (− 7.4 kcal/mol). Although there is no clear evidence that licarin B inhibits platelet aggregation, several other lignans have 
demonstrated thrombolytic activity in numerous investigations [79]. 

Drugs capable of stabilizing erythrocyte membrane can also stabilize lysosomal membrane and therefore can exhibit anti- 
inflammatory properties by altering the activity and release of cell mediators due to the resembles between them [47,80]. Here, 
the methanol as well as dichloromethane soluble fractions of O. fasciculata and aqueous soluble fraction of P. silhetensis demonstrated 
noticeable anti-inflammatory activity by preventing the hemolysis of erythrocytes in conditions stimulated by hypotonic solution and 
heat. In addition, both isolated drugs have increased binding affinities for the vFLIP-IKK gamma stapled peptide dimer (PDB ID: 5LDE) 
protein, supporting the in vitro study’s findings. 

When tissues mature, they undergo a variety of oxidative injuries including DNA oxidative stress, oxidative protein injury, lipid 
peroxidation, and other oxidative ailments [81,82]. So, there is a great deal of concern in the development of plant based natural 
antioxidant [83] due to harmful and cancerous effects of synthetic antioxidants [84,85]. Here, in our search of new and potential 
natural antioxidants, we evaluated different extractives of O. fasciculata and P. silhetensis where aqueous soluble fraction of 
O. fasciculata and chloroform soluble fraction of P. silhetensis sustained the maximum antioxidant activity as compared to standard 
BHT. Notably, the aqueous fraction of O. fasciculata exerted promising antioxidant effect with IC50 value of 7.22 μg/mL compared to 
the reference standard drug BHT (IC50 = 21.20 μg/mL). Besides, the both isolated compounds displayed higher binding affinities 
(− 8.5 kcal/mol) towards the glutathione reductase enzyme than the standard drug BHT (− 5.8 kcal/mol). Any hydrophobic in
teractions between the compound and the glutathione reductase enzyme via alkyl and pi-alkyl interactions may result in these con
sequences [54]. The compound 1 (licarin B) has showed antioxidant effect in the study done by Hou et al. [86]. In addition, the 
antioxidant effects of stigmasterol in various ways have been explained in various studies. Specifically, stigmasterol decreases hepatic 
lipid peroxidation and enhances the activities of catalase, superoxide dismutase, and glutathione, revealing that it possesses antiox
idant capabilities [87,88]. 

The antibacterial activity of the extracts was evaluated to find new sources of antimicrobial lead compounds. This is because nearly 
all conventional antibiotics are becoming resistant to multiple strains of bacteria and displaying greater adverse effects than the 
traditional treatments [89]. Antimicrobial-resistant microorganisms are found to be the cause of approximately 700,000 deaths 
annually across the globe [90]. Though the current study found no connection of antibacterial activity with any of the extractives of 

Fig. 6. BOILED-Egg model for predicting blood-brain barrier (BBB) permeability and intestinal absorption of the isolated compounds: (molecule 1) 
licarin (B) and (molecule 2) stigmasterol. [BBB = Blood-Brain Barrier, HIA = Human Intestinal Absorption, TSPA = topological polar surface area, 
WLogP = LogP value calculated according to the Wildman–Crippen method]. 
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O. fasciculata, the dichloromethane and chloroform soluble factions of P. silhetensis demonstrated antibacterial effect when tested 
against a series of gram-positive and gram-negative bacteria and therefore pointed towards the way to develop new antibiotic agents 
from the plant. Inhibition of bacterial cell wall production, suppression of bacterial protein biosynthesis, obstruction of bacterial DNA 
replication, and inhibition of bacterial folic acid metabolism all may contribute to the antibacterial activity of the extract or its 
fractions [91]. In addition, the isolated compounds showed interesting binding affinities (− 8.4 kcal/mol) towards dihydrofolate 
reductase (DHFR) enzyme compared to the standard drug ciprofloxacin (− 8.2 kcal/mol). According to Mailafiya et al. [92], the 
isolated stigmasterol is a potent, broad-spectrum antibacterial and antifungal agent that could be employed as a precursor chemical in 
the development of new antimicrobial medicines. However, the cause of the lack of antibacterial activity of O. fasciculata remains 
unidentified. It may be necessary to do additional research to validate the result and determine its underlying causes. 

Moreover, the current study found favorable pharmacokinetics and drug like properties of the isolated compounds with free of oral 
acute toxicity. As the log scale of water solubility ranges from − 4.0 log mol/L to 0 log mol/L [62], the both compounds showed no 
water solubility. Furthermore, human ether-a-go-go-related gene (hERG) blockage caused by drugs continues to be a significant barrier 
to developing new and safe therapies. Due to their severe cardiotoxic side effects via off-target interactions with hERG, various drugs 
have been withdrawn from the market or promising drug candidates have been postponed from further investigations [93,94]. As the 
isolated compounds showed no inhibition of the hERG I receptor, both drugs may be considered free of cardiotoxicity. With respect to 
the prediction of human intestinal absorption and brain permeation capability of the isolated compounds, the “BOILED-egg” model of 
the both compounds were studied based on the Swiss ADME online tool. Compound 1 exerted high BBB permeability due to its low 
molecular weight (324.37 g/mol), number of rotatable bonds (n = 3), number of hydrogen bond acceptors (n = 4), and TSPA 36.92 Å2 

[95]. 

5. Limitations 

Although there are many strong points of the current study, it has some flaws as well. The study did not conduct thorough 
phytochemical investigations. Besides, the study predicted the pharmacological effects of the isolated compounds via in-silico tech
niques with no experimental validation. 

6. Conclusion 

The research reports the isolation of a neolignans (±)-Licarin B from Ophiorrhiza fasciculata and a triterpene stigmasterol from 
Psychotria silhetensis, which were characterized by extensive spectroscopic methods. The present study concluded that different par
titionates of methanolic extracts of the whole plant of Ophiorrhiza fasciculata exerted significant thrombolytic, cytotoxic and promising 
antioxidant activity with IC50 value of 7.22 μg/mL (aqueous soluble fraction of O. fasciculata). Likewise, different partitions of 
methanolic extracts of the whole plant of Psychotria silhetensis showed significant thrombolytic and cytotoxic activity, with mild 
antioxidant and antimicrobial effects. Furthermore, because both isolated compounds showed encouraging binding affinities for the 
corresponding receptors, and thus, the in-silico analyses corroborated the in vitro results. Based on these findings, it is recommended 
that further investigation needs to be conducted on these plants to uncover other bioactive chemicals, assess their unknown efficacy, 
and validate their use as traditional remedies. 
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