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ABSTRACT: The present study investigated the 

bioactive phytochemicals of Crossandra 

infundibuliformis using integrated in-silico and in-

vitro approaches, focusing on oxidative stress, 

inflammation, and PI3K/AKT/mTOR signaling. 

Preliminary and quantitative phytochemical analyses 

confirmed the presence of major phytochemical 

groups, while GC–MS identified 50 chemical 

constituents. Molecular docking against NRF2, NF-

κB p65, PI3Kα, AKT1, and mTOR identified 

stigmasterol as a promising candidate, which was 

further supported by AI-assisted virtual screening. 

Stigmasterol was isolated from the leaf extract by 

solvent fractionation and chromatographic 

techniques, yielding approximately 0.12%. In LPS-

stimulated RAW 264.7 macrophages, stigmasterol 

showed concentration-dependent inhibition of nitric 

oxide production, reaching 76.50% at 100 µg/mL, 

along with reduced TNF-α, IL-6, and IL-1β levels. In 

H₂O₂-induced HepG2 cells, it reduced LDH leakage 

and showed concentration-dependent effects on cell 

viability. Overall, C. infundibuliformis represents a 

potential source of bioactive phytochemicals, with 

stigmasterol emerging as a promising candidate for 

further mechanistic and in-vivo studies. 

 

KEYWORDS: Crossandra infundibuliformis; 

Stigmasterol; Phytochemicals; GC–MS; Molecular 

docking; Oxidative stress; Inflammation; 

PI3K/AKT/mTOR. 

 

I. INTRODUCTION 

Natural products have played a significant 

role in the discovery and development of therapeutic 

agents and continue to provide a valuable source of 

structurally diverse molecules with pharmacological 

potential. Medicinal plants contain numerous 

secondary metabolites, including alkaloids, 

flavonoids, phenolic compounds, tannins, steroids, 

terpenoids, phytosterols, and triterpenoids, many of 

which have been associated with antioxidant, anti-

inflammatory, antimicrobial, cytoprotective, and 

anticancer activities [1,2]. The structural diversity 

and multitarget nature of plant-derived constituents 

make phytochemical investigation an important 

approach for identifying novel bioactive molecules 

and exploring their potential therapeutic applications. 

Crossandra infundibuliformis belongs to the 

family Acanthaceae and is traditionally recognized as 

an ornamental medicinal plant with considerable 

phytochemical diversity. Previous investigations of 

C. infundibuliformis have reported the presence of 

several classes of secondary metabolites and 

demonstrated various biological activities. 

Madhumitha and Saral reported alkaloids, 

phytosterols, phenolic compounds, flavonoids,  

tannins, carbohydrates, and terpenoids in successive 

extracts of the leaves, together with antibacterial, 

antifungal, and anticandidal activities [3]. Similarly, 

Patil et al. demonstrated appreciable phenolic and 

flavonoid contents in the leaves and reported 

antioxidant activity through different experimental 

assays, including DPPH, nitric oxide, hydrogen 

peroxide scavenging, lipid peroxidation, reducing 

power, and total antioxidant capacity [4]. These 

findings suggest that C. infundibuliformis represents 

a promising natural source of chemically diverse 

constituents with potential biological significance. 

Oxidative stress is an important pathological 

process that arises when the generation of reactive 

oxygen species (ROS) exceeds the capacity of 

cellular antioxidant defense mechanisms. Excessive 

ROS production can cause oxidative damage to 

lipids, proteins, nucleic acids, and cellular 
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membranes and may ultimately disturb cellular 

homeostasis [5]. Persistent oxidative stress is closely 

associated with inflammatory responses and has been 

implicated in the progression of several chronic 

disorders. The nuclear factor erythroid 2-related 

factor 2 (NRF2) pathway represents one of the 

principal cellular defense mechanisms against 

oxidative stress, whereas nuclear factor kappa B (NF-

κB) plays a central role in the regulation of 

inflammatory and immune responses. Crosstalk 

between oxidative stress and inflammatory signaling 

makes these pathways important targets for the 

investigation of natural compounds with antioxidant 

and anti-inflammatory potential. 

NF-κB activation is closely associated with 

the expression of several pro-inflammatory 

mediators, including tumor necrosis factor-alpha 

(TNF-α), interleukin-6 (IL-6), and interleukin-1 beta 

(IL-1β). In addition, the phosphoinositide 3-

kinase/protein kinase B/mammalian target of 

rapamycin (PI3K/AKT/mTOR) signaling axis is 

involved in fundamental cellular processes such as 

survival, proliferation, growth, metabolism, and 

apoptosis. Dysregulation of these signaling pathways 

has been associated with oxidative stress, chronic 

inflammation, abnormal cellular proliferation, and 

cancer progression [6,7]. Therefore, simultaneous 

investigation of NRF2, NF-κB, PI3K/AKT, and 

mTOR-associated targets may provide a broader 

understanding of the potential biological relevance of 

plant-derived phytochemicals. 

The chemical complexity of plant extracts, 

however, presents a major challenge in identifying 

the constituents responsible for specific biological 

activities. Gas chromatography–mass spectrometry 

(GC–MS) provides an effective analytical approach 

for profiling volatile and semi-volatile 

phytoconstituents and can facilitate the identification 

of diverse chemical classes present in plant extracts. 

Computational approaches such as molecular 

docking can further assist in predicting the interaction 

of identified compounds with biologically relevant 

protein targets. Molecular docking enables 

comparative assessment of ligand–protein 

interactions and can therefore be used as a 

preliminary prioritization tool during natural-product 

drug discovery [8]. However, docking predictions 

should be regarded as hypothesis-generating 

evidence and require experimental validation. 

The increasing application of artificial 

intelligence (AI) and machine-learning approaches in 

drug discovery provides additional opportunities for 

prioritizing bioactive molecules from chemically 

complex natural-product libraries.  AI-assisted 

virtual-screening can integrate chemical and  

biological information to facilitate the identification 

promising candidates and reduce the experimental 

burden associated with screening large numbers. 

               Accordingly, combining GC–MS-based 

phytochemical profiling with molecular docking and 

AI-assisted screening provides a rational workflow 

for prioritizing potentially bioactive constituents for 

subsequent isolation and biological evaluation. 

Among the phytochemicals identified in C. 

infundibuliformis, stigmasterol, a naturally occurring 

phytosterol, was selected for further investigation. 

Previous studies have reported biological activities of 

stigmasterol, including anti-inflammatory effects, 

and have suggested its ability to influence 

inflammatory signaling mechanisms such as NF-κB 

[9]. In addition, investigations of stigmasterol have 

indicated potential relevance to cancer-associated 

processes, including cellular proliferation, apoptosis, 

and PI3K/AKT-related signaling [10]. These 

observations provide a scientific basis for further 

evaluating stigmasterol through an integrated 

computational and experimental approach. 

In the present study, phytoconstituents of C. 

infundibuliformis were characterized using 

preliminary phytochemical analysis and GC–MS, 

followed by molecular docking against selected 

targets associated with oxidative stress, 

inflammation, and cellular signaling, namely NRF2, 

NF-κB p65, PI3Kα, AKT1, and mTOR. AI-assisted 

virtual screening was additionally employed to 

support the prioritization of candidate 

phytochemicals. Based on the overall computational 

profile, stigmasterol was selected for 

chromatographic isolation and subsequent in-vitro 

evaluation. Its anti-inflammatory activity was 

investigated using LPS-stimulated RAW 264.7 

macrophages through assessment of nitric oxide 

production and pro-inflammatory cytokines, while its 

effects under oxidative-stress conditions were 

evaluated in H₂O₂-induced HepG2 cells.  

Thus, the study was designed to integrate 

phytochemical characterization, GC–MS 

profiling, molecular docking, AI-assisted 

screening, compound isolation, and in-vitro 

biological evaluation to provide preliminary 

evidence for the bioactive potential of C. 

infundibuliformis and stigmasterol. 

 

II. PLANT PROFILE : 
Crossandra infundibuliformis is a flowering plant 

belonging to the family Acanthaceae. It is valued 

primarily as an ornamental plant because of its 
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attractive flowers and prolonged flowering 

characteristics.  

 

 
Figure 1: Crossandra infundibuliformis 

 

 

Table 1: Taxonomic Classification 

Taxonomic 

Category 
Classification 

Kingdom Plantae 

Division Angiosperms 

Class Eudicots 

Order Lamiales 

Family Acanthaceae 

Genus Crossandra 

Species Crossandra 

infundibuliformis 

Botanical name Crossandra 

infundibuliformis 

Common name Firecracker flower / 

Crossandra 

Plant part 

investigated 

Leaves 

 

III. Materials and Methods 
The present investigation was designed as 

an integrated phytochemical, chromatographic, 

computational, and in-vitro pharmacological study of 

Crossandra infundibuliformis, with particular 

emphasis on the identification and evaluation of 

stigmasterol. The experimental workflow comprised 

collection and preparation of plant material, ethanolic 

extraction, preliminary phytochemical screening, 

quantitative estimation of phenolic and flavonoid 

constituents, GC–MS profiling, selection of 

molecular targets, molecular docking, AI-assisted 

virtual screening, isolation and purification of 

stigmasterol, and in-vitro evaluation of anti-

inflammatory, oxidative-stress-related, and cytotoxic 

activities. 

 

 

 

3.1.Collection and Preparation of Plant Material 

Fresh and healthy leaves of Crossandra 

infundibuliformis were collected from Tamil Nadu 

for the present investigation. The collected leaves 

were thoroughly washed with distilled water to 

remove adhering dust and foreign materials and were 

subsequently subjected to shade drying for 

approximately 10–14 days. The shade-dried material 

was pulverized into a fine powder using a mechanical 

grinder. The dried powdered material was used for 

extraction, phytochemical investigation, 

chromatographic isolation, and subsequent 

computational and biological studies. For the 

isolation experiment, approximately 500 g of dried 

powdered leaves was used. 

 

3.2.Preparation of Ethanolic Leaf Extract 

The powdered leaves were extracted using 

95% ethanol in a Soxhlet apparatus. Approximately 

500 g of powdered leaf material was subjected to 

continuous Soxhlet extraction for approximately 8–

10 hours. Following extraction, the solvent was 

removed under reduced pressure using a rotary 

vacuum evaporator maintained at approximately 40–

45°C. A concentrated dark-green crude ethanolic 

extract was obtained and used for further 

phytochemical and chromatographic investigations. 

An ethanolic crude extract yield of 58.4 g was 

recorded from the dried leaf material used for the 

isolation experiment. 

 

3.3.Preliminary Phytochemical Screening 

The ethanolic extract was subjected to 

preliminary phytochemical screening to identify the 

major classes of secondary metabolites, including 

alkaloids, flavonoids, tannins, phenols, 

carbohydrates, steroids, proteins, and saponins. The 

investigation demonstrated the presence of alkaloids, 

flavonoids, tannins, phenols, carbohydrates, and 

steroids, whereas proteins and saponins were 

reported to be absent. This preliminary screening was 

used to establish the broad phytochemical profile of 

the plant extract prior to detailed quantitative and 

chromatographic investigations. 

 

3.4.Quantitative Estimation of Total Flavonoid 

Content 

Total flavonoid content of the extract was 

quantitatively estimated using the aluminium 

chloride method, with quercetin employed as the 

reference standard, and expressed as mg quercetin 

equivalents per gram of extract (mg QE/g extract). 

The quantitative investigation demonstrated 
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appreciable flavonoid content, with values reaching 

approximately 71 mg QE/g extract. 

 

3.5.Quantitative Estimation of Total Phenolic 

Content 

Total phenolic content was determined 

using the Folin–Ciocalteu method, with gallic acid 

used as the reference standard, and the results were 

expressed as mg gallic acid equivalents per gram of 

extract (mg GAE/g extract). The study reported total 

phenolic values reaching approximately 110 mg 

GAE/g extract, indicating appreciable phenolic 

content in the ethanolic leaf extract. 

 

3.6. (GC–MS) Analysis 

The ethanolic extract of C. 

infundibuliformis was subjected to GC–MS analysis 

to identify individual volatile and semi-volatile 

phytochemical constituents and to generate a 

compound library for subsequent computational 

screening. The analysis identified 50 phytochemical 

constituents representing several chemical 

categories, including phenolic compounds, fatty 

acids and their esters, terpenoids, phytosterols, 

triterpenoids, tocopherols, and long-chain 

hydrocarbons. Stigmasterol was detected as one of 

the important phytosterol constituents, with a 

reported retention time of 16.89 min and an area 

percentage of 5.66%. The GC–MS data formed the 

basis for selecting the phytochemical ligands used for 

molecular docking against the predefined molecular 

targets. 

 

3.6.1.Selection of Protein Targets 

Five molecular targets were selected to 

investigate the potential interaction of the identified 

phytochemicals with proteins involved in oxidative 

stress, inflammation, and cellular signalling, as 

summarised in Table 2. 

 

Table 2. Molecular targets selected for docking studies 

Protein Target PDB ID Pathway/Biological Relevance 

NRF2 6FLU Oxidative stress 

NF-κB p65 1SVC NF-κB inflammatory signalling 

PI3Kα 4JPS PI3K/AKT signalling 

AKT1 3O96 PI3K/AKT signalling 

mTOR 4JT6 PI3K/AKT/mTOR signalling 

 

3.7.Molecular Docking Analysis 

The phytochemical constituents identified through 

GC–MS were used as candidate ligands for 

computational screening and were evaluated against 

the five selected protein targets. Molecular docking 

was performed to predict the potential interaction of 

each phytochemical with NRF2, NF-κB p65, PI3Kα, 

AKT1, and mTOR, with binding affinity expressed 

as a docking score in kcal/mol. Docking results were 

compared across the complete phytochemical set to 

identify the compound with the most favourable 

overall interaction profile. 

 

3.8.AI-Assisted Virtual Screening and ADMET 

Evaluation 

Following molecular docking, the prioritised 

compound was subjected to computational 

evaluation using AI-/machine-learning-assisted 

virtual screening; MOLCURE software was used for 

further evaluation of stigmasterol interactions with  

the selected molecular targets. The study also 

included ADMET and toxicity prediction as 

computational assessment parameters, intended to 

provide preliminary information on the predicted 

pharmacokinetic and toxicity characteristics of the 

selected phytochemical prior to biological validation. 

 

3.9. Extraction and Isolation of Stigmasterol 

For isolation of stigmasterol, approximately 500 g of 

dried leaf powder was extracted with 95% ethanol 

using Soxhlet extraction. The concentrated crude 

extract was suspended in distilled water and 

successively partitioned using n-hexane, chloroform, 

ethyl acetate, and n-butanol in a separating funnel. 

The n-hexane fraction, being rich in non-polar 

constituents such as phytosterols, was selected for 

further purification; the reported n-hexane fraction 

obtained was 8.6 g. 

The n-hexane fraction was purified using silica-gel 

column chromatography. A glass column (60 cm × 3 

cm) was packed with silica gel (60–120 mesh) using 

the wet-packing method, and approximately 2.0 g of 

the n-hexane fraction was adsorbed onto silica gel, 

dried, and loaded onto the column. Gradient elution 
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was performed using solvent systems of increasing 

polarity, as shown in Table 3. Approximately 20 mL 

fractions were collected in numbered tubes, and a 

total of 45 fractions were obtained. 

 

Table 3. Gradient elution solvent systems 

Elution System Ratio (v/v) 

n-Hexane 100:0 

n-Hexane : Chloroform 95:5 

n-Hexane : Chloroform 90:10 

n-Hexane : Chloroform 80:20 

n-Hexane : Chloroform 70:30 

Chloroform 100:0 

Chloroform : Ethyl acetate 95:5 

 

3.10 .In-Vitro Anti-Inflammatory Evaluation 

The anti-inflammatory activity of 

stigmasterol was evaluated using RAW 264.7 murine 

macrophages cultured in Dulbecco's Modified Eagle 

Medium (DMEM) supplemented with 10% heat-

inactivated fetal bovine serum (FBS) and 1% 

antibiotic–antimycotic solution (100 U/mL penicillin 

and 100 µg/mL streptomycin), maintained at 37°C in 

a humidified incubator with 5% CO₂ and 95% 

relative humidity. Cells were seeded in 96-well plates 

at 1 × 10⁵ cells/well and incubated for 18–24 hours 

prior to treatment. Stigmasterol was evaluated at 

concentrations of 10, 25, 50, and 100 µg/mL, 

dissolved in DMSO (final concentration ≤0.1% v/v), 

with a 2-hour pretreatment period before 

inflammatory stimulation with LPS (1 µg/mL) for a 

further 24 hours. Untreated cells served as the normal 

control, LPS-treated cells as the inflammatory 

control, and dexamethasone as the positive anti-

inflammatory control. 

 

3.11.Nitric Oxide Inhibition Assay 

The ability of stigmasterol to inhibit nitric oxide 

production in LPS-stimulated RAW 264.7 

macrophages was assessed using the Griess reaction, 

with culture supernatants evaluated 

spectrophotometrically at 540 nm. 

 

3.12.MTT Cytotoxicity Assay 

The cytotoxic effect of isolated stigmasterol was 

evaluated against HepG2 cells using the MTT assay 

at concentrations of 6.25, 12.5, 25, 50, and 100 

µg/mL, with untreated HepG2 cells as the normal 

control and doxorubicin as the standard anticancer 

treatment. 

 

3.13.LDH Leakage Assay 

The lactate dehydrogenase (LDH) leakage assay was 

used to evaluate oxidative-stress-associated 

membrane damage and the protective effect of 

stigmasterol in HepG2 cells, using hydrogen 

peroxide as the oxidative-stress inducer. 

Experimental groups included the normal control, 

H₂O₂ control, and H₂O₂-treated cells exposed to 

increasing concentrations of stigmasterol. 

 

3.14.Statistical Analysis 

Experimental measurements were obtained in 

triplicate and results were expressed as mean ± 

standard deviation (SD). Statistical significance was 

determined using one-way analysis of variance 

(ANOVA) followed by Tukey's multiple comparison 

post hoc test, with p < 0.05 considered statistically 

significant. Significance levels of p < 0.05, p < 0.01, 

and p < 0.001 relative to the LPS or H₂O₂ control are 

indicated in the respective results. 

 

IV. Results and Discussion 
4.1.Preliminary Phytochemical Screening 

Preliminary phytochemical screening of the 

ethanolic leaf extract of Crossandra 

infundibuliformis revealed the presence of alkaloids, 

flavonoids, tannins, phenols, carbohydrates, and 

steroids, while proteins and saponins were found to 

be absent (Table 4). These findings indicate that the 

ethanolic extract is a rich source of 

pharmacologically relevant secondary metabolites. 

 

Table 4. Phytochemical screening of the ethanolic 

extract (+ present; − absent) 

S.no Phytochemicals 
Ethanolic 

extract 

1 Alkaloids + 

2 Flavonoids + 

3 Tannins + 

4 Phenols + 

5 Proteins − 

6 Saponins − 

7 Carbohydrates + 

8 Steroids + 
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4.2 Total Flavonoid and Total Phenolic Content 

Quantitative estimation using the aluminium chloride 

method (with quercetin as reference) demonstrated 

appreciable total flavonoid content, reaching 

approximately 71 mg quercetin equivalents (QE)/g 

extract. Similarly, the Folin– 

Ciocalteu assay (with gallic acid as reference) 

demonstrated total phenolic content reaching 

approximately 110 mg gallic acid equivalents 

(GAE)/g extract. These results confirm that the 

ethanolic leaf extract of C. infundibuliformis is a 

substantial source of flavonoid and phenolic 

antioxidant compounds, which are commonly 

associated with anti-inflammatory and free-radical-

scavenging properties. 

 

Table 5: Total Flavonoids 

S.NO Concentration OD Average 
Total 

flavonoids 

      1          100      0.07  

0.05 

 

 

71mg 

 
      2      0.05 

      3      0.04 

      1          200      0.04  

0.04 

 

 

36mg 

 
      2      0.05 

      3      0.05 

      1          300       0.09  

0.08 

 

 

68mg 

 
      2      0.08 

      3      0.07 

      1       STANDARD      0.07  

          -       2      0.11 

      3      0.12 

 

Table 6: Total Phenol  

S. NO 
CONCENTRA

TION 

SAMPLE 

OD 

SANDARD 

OD 

TOTAL 

PHENO

L 

1 200 0.07 0.10 70mg 

2 400 0.13 0.30 43 mg 

3 600 0.11 0.10 110mg 

4 800 0.08 0.10 80 mg 

5 1000 0.11 0.11 100 mg 

 

4.3.GC–MS Profiling 

GC–MS analysis of the ethanolic extract 

identified 50 phytochemical constituents spanning 

several chemical categories, including phenolics, 

fatty acids and their esters, terpenoids, phytosterols, 

triterpenoids, tocopherols, and long-chain 

hydrocarbons. Notable constituents included vanillin, 

eugenol, phytol, neophytadiene, squalene, palmitic 

acid, oleic acid, campesterol, stigmasterol, β-

sitosterol, lupeol, β-amyrin, α-amyrin, betulinic acid, 

oleanolic acid, ursolic acid, tocopherol, γ-tocopherol, 

and vitamin E acetate. Stigmasterol was identified at 

a retention time of 16.89 minutes with an area 

percentage of 5.66%, and was subsequently 

prioritised for computational and biological 

evaluation on the basis of the docking results 

described below. 
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Figure 2 : GCMS of Crossandra infundibuliformis 

 

4.4.Molecular Docking Analysis 

Molecular docking of the 50 identified 

phytochemicals against five therapeutically relevant 

protein targets (NRF2, NF-κB p65, PI3Kα, AKT1, 

and mTOR) revealed that stigmasterol consistently 

exhibited the most favourable binding profile among 

all screened compounds. Stigmasterol produced 

docking scores of −10.1 kcal/mol (NRF2), −10.3 

kcal/mol (NF-κB p65), −10.4 kcal/mol (PI3Kα), 

−10.2 kcal/mol (AKT1), and −9.9 kcal/mol (mTOR), 

which were superior to those of other major 

phytosterols such as campesterol and β-sitosterol. 

These results suggest that stigmasterol may act as a 

multitarget ligand capable of modulating both the 

NRF2-mediated antioxidant pathway and the NF-

κB/PI3K/AKT/mTOR inflammatory signalling 

cascade, supporting its selection for further isolation 

and biological evaluation. 

 

Table 7 : Molecular Docking 

Ligand 
NRF2 

(kcal/mol) 

NF-κB p65 

(kcal/mol) 

PI3Kα 

(kcal/mol) 

AKT1 

(kcal/mol) 

mTOR 

(kcal/mol) 

Acetic acid -3.4 -3.5 -4.1 -4.6 -3.0 

Furfural -4.0 -4.6 -4.3 -4.9 -4.1 

2-Furanmethanol -5.5 -5.0 -5.6 -5.4 -5.0 

Maltol -3.3 -4.6 -5.2 -3.8 -4.2 

Phenol -4.6 -3.9 -3.3 -3.0 -4.1 

Guaiacol -4.6 -3.9 -3.3 -3.0 -4.1 

Stearic acid -8.9 -8.7 -8.2 -9.6 -9.9 

Campesterol -8.2 -8.4 -8.9 -8.4 -8.9 

Stigmasterol -10.1 -10.3 -10.4 -10.2 -9.9 

β-Sitosterol -8.0 -8.3 -8.4 .8.1 -8.0 

Lupeol -3.3 -4.6 -5.2 -3.8 -4.2 

β-Amyrin -4.6 -3.9 -3.3 -3.0 -4.1 

α-Amyrin -2.6 -4.5 -2.6 -4.6 -4.2 

Ursolic acid -3.6 -4.1 -4.5 -6.2 -3.6 

Tocopherol -6.1 -5.4 -3.4 -6.8 -4.2 

γ-Tocopherol -5.3 -5.2 -4.3 -4.2 -4.1 

Vitamin E acetate -6.3 -5.4 -3.3 -6.8 -4.0 

 

4.5.AI-Assisted Virtual Screening and ADMET/Toxicity Prediction 

AI-/machine-learning-assisted virtual screening using MOLCURE software supported the docking-based 

prioritisation of stigmasterol against NRF2, NF-κB p65, PI3Kα, AKT1, and mTOR. Computational ADMET and 
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toxicity predictions provided preliminary evidence regarding the pharmacokinetic suitability and safety profile of 

stigmasterol, further supporting its progression to experimental isolation and in-vitro biological validation. 

 

 
Figure 3: NRF2 (PDB ID: 6FLU) Protein Interaction with Stigmasterol 

 

 
Figure 4: NF-κB p65 (PDB ID: 1SVC) Protein Interaction with Stigmasterol 

 

 
Figure 5: PI3Kα (PDB ID: 4JPS) Protein Interaction with Stigmasterol 
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Figure 6: AKT1 (PDB ID: 3O96) Protein Interaction with Stigmasterol 

 

 
Figure 7: mTOR (PDB ID: 4JT6) Protein Interaction with Stigmasterol 

 

 
Figure 8: Toxicity Prediction 
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Figure 9: Toxicity Radar Plot 

 

4.6.Isolation and Purification of Stigmasterol 

Column chromatography of the n-hexane fraction 

successfully separated several non-polar 

phytochemical constituents of the ethanolic extract. 

TLC analysis of the collected fractions revealed that 

fractions 18–24 (corresponding to fractions 5 and 6 

of the pooled series) possessed a single major spot 

with an Rf value of approximately 0.60 ± 0.02 in the 

n-hexane:ethyl acetate (8:2) solvent system, 

indicating a high degree of purity.  

Visualisation under UV light (254 and 366 nm) and 

derivatisation with anisaldehyde–sulfuric acid 

reagent produced a characteristic yellow-green/violet 

colouration consistent with a steroidal compound, 

and the absence of additional spots after 

derivatisation confirmed the purity of the pooled 

fractions. 

This chromatographic behaviour is consistent with 

previously reported TLC characteristics of 

stigmasterol, which typically exhibits an Rf value 

between 0.58 and 0.65 under similar conditions. 

Recrystallisation of the pooled fractions from 

methanol yielded white needle-shaped crystals of 

purified stigmasterol. The isolation parameters are 

summarised in Table 8. 

 

Table 8: Summary of extraction and isolation 

parameters 

Parameter Result 

Dried leaf material used 500 g 

Ethanolic crude extract 

obtained 

58.4 g 

n-Hexane fraction 8.6 g 

Sample loaded onto column 2.0 g 

Total fractions collected 45 

Fractions containing 

stigmasterol 

18–24 

TLC solvent system n-Hexane : Ethyl 

acetate (8:2) 

Rf value 0.60 ± 0.02 



 
 

  

International Journal of Pharmaceutical research and Applications 

Volume 11, Issue 5, Sep.-Oct.2026, pp:147-161 www.ijprajournal.com ISSN:2456-4494 

                                     

 

 

 

DOI: 10.5281/zenodo.22763943    | Impact Factor value 7.429   ISO 9001: 2008 Certified Journal        Page 157 

Parameter Result 

Appearance White needle-

shaped crystals 

Weight of purified 

stigmasterol 

0.62 g 

Yield (from dried leaves) 0.12% (w/w) 

Yield (from n-hexane 

fraction) 

2.8% (w/w) 

 

4.7Nitric Oxide (NO) Inhibition Assay 

LPS stimulation markedly increased nitric oxide 

(NO) production in RAW 264.7 macrophages 

compared with the untreated control (mean nitrite 

concentration 28.93 ± 1.25 µM versus 5.43 ± 0.47 

µM), confirming successful induction of an 

inflammatory response. Pretreatment with 

stigmasterol produced a concentration-dependent 

reduction in NO production, with inhibition of  

 

18.53%, 36.75%, 58.87%, and 76.50% at 10, 25, 50, 

and 100 µg/mL, respectively, compared with 

dexamethasone, which produced 80.19% inhibition 

at 10 µg/mL. The reductions observed at 25, 50, and 

100 µg/mL were statistically significant (p < 0.05, p 

< 0.01, and p < 0.001, respectively) relative to the 

LPS control, demonstrating potent, dose-dependent 

anti-inflammatory activity of stigmasterol at the 

higher tested concentrations 

 

Table 9: Percentage Nitrous Oxide Inhibition 

Treatment 
Mean NO 

(µM) 

NO Inhibition 

(%) 

LPS Control 28.93 0.00 

Crossandra infundibuliformis ext (Stigmasterol) (10 

µg/mL) 

23.57 18.53 

Crossandra infundibuliformis ext (Stigmasterol) (25 

µg/mL) 

18.30 36.75 

Crossandra infundibuliformis ext (Stigmasterol) (50 

µg/mL) 

11.90 58.87 

Crossandra infundibuliformis ext (Stigmasterol) (100 

µg/mL) 

6.80 76.50 

Dexamethasone (10 µg/mL) 5.73 80.19 

 

4.8. Pro-Inflammatory Cytokine Assay 

Exposure of RAW 264.7 macrophages to LPS 

markedly elevated the secretion of TNF-α, IL-6, and 

IL-1β compared with the untreated control (p < 

0.001), confirming successful induction of 

inflammation. Pretreatment with stigmasterol 

significantly and dose-dependently reduced the 

secretion of all three cytokines. At 100 µg/mL, TNF-

α levels decreased from 612.4 ± 18.6 pg/mL to 214.7 

± 10.4 pg/mL (64.9% inhibition); IL-6 decreased 

from 742.6 ± 21.8 pg/mL to 258.5 ± 12.6 pg/mL 

(65.2% inhibition); and IL-1β decreased from 458.3 

± 15.2  

pg/mL to 146.8 ± 8.5 pg/mL (68.0% inhibition). 

Dexamethasone produced slightly greater cytokine 

suppression than stigmasterol at the equivalent 

concentration. Reductions at 25, 50, and 100 µg/mL 

were statistically significant (p < 0.05, p < 0.01, and 

p < 0.001, respectively) relative to the LPS control, 

indicating effective suppression of macrophage-

mediated inflammatory signalling by stigmasterol. 

 

Table 10 : Percentage Inhibition Relative to LPS Control 

Treatment TNF-α (%) IL-6 (%) IL-1β (%) Treatment TNF-α (%) 

Stigmasterol (10 

µg/mL) 

15.4 14.9 15.5 Stigmasterol (10 

µg/mL) 

15.4 

Stigmasterol (25 

µg/mL) 

30.8 31.0 33.9 Stigmasterol (25 

µg/mL) 

30.8 

Stigmasterol (50 

µg/mL) 

48.3 47.9 52.1 Stigmasterol (50 

µg/mL) 

48.3 

Stigmasterol (100 

µg/mL) 

64.9 65.2 68.0 Stigmasterol (100 

µg/mL) 

64.9 
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Dexamethasone 

(10 µg/mL) 

70.2 69.8 73.5 Dexamethasone 

(10 µg/mL) 

70.2 

 

4.9.MTT Cytotoxicity Assay 

Stigmasterol produced a concentration-dependent 

reduction in HepG2 cell viability, decreasing from 

92.0 ± 1.0% at 6.25 µg/mL to 80.0 ± 1.0%, 60.0 ± 

1.0%, 35.0 ± 1.0%, and 11.0 ± 1.0% at 12.5, 25, 50, 

and 100 µg/mL, respectively, indicating substantial 

antiproliferative activity against HepG2 

hepatocellular carcinoma cells that was broadly 

comparable in trend to the standard anticancer agent 

doxorubicin. 

 

 
Figure 09: Morphology Of MTT Assay. 

 

 
 

Figure 10: HEPG Cell Viability Stigmasterol 

 

4.10.LDH Leakage Assay 

Exposure of HepG2 cells to hydrogen peroxide 

(H₂O₂) markedly increased LDH release (86.7 ± 

2.4%) compared with the untreated control (8.4 ± 

0.8%), indicating severe loss of membrane integrity. 

Treatment with stigmasterol reduced LDH leakage in 

a concentration-dependent manner, with values of 

72.5 ± 2.1%, 56.8 ± 1.9%, 38.9 ± 1.7%, 21.6 ± 1.5%, 

and 11.2 ± 1.2% at 6.25, 12.5, 25, 50, and 100 µg/mL, 

respectively, with the highest concentration 

approaching the membrane integrity of the untreated 

control. These findings indicate that stigmasterol 

confers substantial, dose-dependent protection 
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against H₂O₂-induced oxidative membrane damage in 

HepG2 cells. 

 

Table 11 : Representative LDH Leakage 

Group LDH Release (%) SD 

Normal Control 8.4 0.8 

H₂O₂ Control 86.7 2.4 

H₂O₂ + Stigmasterol (6.25 µg/mL) 72.5 2.1 

H₂O₂ + Stigmasterol (12.5 µg/mL) 56.8 1.9 

H₂O₂ + Stigmasterol (25 µg/mL) 38.9 1.7 

H₂O₂ + Stigmasterol (50 µg/mL) 21.6 1.5 

H₂O₂ + Stigmasterol (100 µg/mL) 11.2 1.2 

 

V. Summary 
Taken together, the findings indicate that C. 

infundibuliformis possesses considerable 

phytochemical diversity and that stigmasterol 

represents a promising multitarget lead compound 

with anti-inflammatory, oxidative-stress-protective, 

and anticancer-related activities. The integration of 

phytochemical screening, GC–MS profiling, 

molecular docking, AI-assisted virtual screening, 

chromatographic isolation, and in-vitro 

pharmacological evaluation provides a 

comprehensive preliminary evidence base supporting 

further mechanistic, in-vivo, and preclinical 

investigation of stigmasterol from C. 

infundibuliformis. 
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