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Abstract 
The methanolic leaf extract of Alstonia 

macrophylla was used in vitro tests to examine its anti-

inflammatory, anti-cancer and antioxidant properties. 

GC-MS analysis revealed that the extract's primary 

components were fatty acid derivatives, gamma-

sitosterol (11.27%) and thymol (53.7%). It also 

demonstrated modest DPPH radical scavenging action 

(IC₅₀ = 178.34 µg/mL). Anti-inflammatory assays 

demonstrated dose-dependent inhibition of albumin 

denaturation (IC₅₀ = 214.56 µg/mL) and HRBC 

membrane stabilization (IC₅₀ = 247.34 µg/mL), though 

less potent than aspirin.  

 

Notably, the extract showed potent cytotoxicity against 

HeLa cervical cancer cells (IC₅₀ = 6.04 µg/mL), with 

complete inhibition at 1000 µg/mL, likely mediated by 

indole alkaloids. These findings validate A. 

macrophylla's traditional uses and demonstrate its 

potential as a treatment for inflammation, cervical 

cancer and illnesses associated with oxidative stress. 

Additional research is necessary to identify active 

ingredients and clarify mechanisms of action. 
 
Keywords: Alstonia macrophylla, antioxidant, anti-

inflammatory, cytotoxicity, GC-MS, HeLa cells. 

 

Introduction 
Traditional medicine relies heavily on medicinal plants 

because of their many bioactive chemicals which have anti-

inflammatory, anti-cancer and antioxidant qualities. 

Secondary metabolites, such as alkaloids, flavonoids, 

terpenoids and phenolic chemicals, are principally 

responsible for these therapeutic benefits. They work by 

neutralizing free radicals, modifying inflammatory 

pathways and inducing apoptosis in cancer cells26. 

Apocynaceae's Alstonia macrophylla Wall. ex G. Don is a 

tropical tree that grows widely across Southeast Asia and the 

Indian subcontinent and is widely used in ethnomedicine to 

alleviate conditions like fever, pain, inflammation and 

infections21. Its leaves, rich in indole alkaloids, flavonoids 

and terpenoids, are particularly noted for their 

pharmacological potential, positioning A. macrophylla as a 

viable option for contemporary pharmacological research. 

Chronic illnesses, including inflammation and cancer, are 

mostly caused by oxidative stress, which arises from an 

imbalance between the generation of reactive oxygen 

species (ROS) and antioxidant defenses36. The capacity of 

plant extracts to scavenge free radicals is measured using the 

2,2-diphenyl-1-picrylhydrazyl (DPPH) test, a common 

technique for evaluating antioxidant capacity that provides 

information on their potential to treat conditions associated 

with oxidative stress34.  
 

Human red blood cell (HRBC) membrane stabilization and 

albumin denaturation are two in vitro tests that measure a 

compound's ability to stabilize lysosomal membranes and 

prevent protein denaturation, respectively. These tests can be 

used to evaluate inflammation, a crucial component of many 

pathological conditions1,24.  When evaluating plant extracts 

for their anti-inflammatory properties, these tests provide a 

strong framework that is frequently compared to non-

steroidal anti-inflammatory drugs such as aspirin. 
 

Cervical cancer, a major global health concern, is commonly 

studied using HeLa cells due to their rapid proliferation and 

resistance to apoptosis. By measuring mitochondrial 

activity, the 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) test is a dependable 

method for assessing cytotoxicity and offers a clear 

indication of cell viability and anticancer potential31. 

Previous research on Alstonia species has identified indole 

alkaloids such as villalstonine and macrocarpamine, as 

potent cytotoxic agents that trigger cell cycle arrest and 

apoptosis in different cancer cell lines18,45.  
 

A crucial method for describing the phytochemical makeup 

of plant extracts is gas chromatography-mass spectrometry 

(GC-MS) analysis which makes it possible to identify the 

bioactive substances in charge of the biological activities 

that have been observed. For instance, Kannan et al17 utilized 

GC-MS to profile bioactive molecules in Tephrosia 

purpurea, revealing compounds with antioxidant and 

antibacterial properties, highlighting the value of 

phytochemical analysis in validating traditional medicinal 

claims. Despite the ethnomedicinal prominence of A. 
macrophylla, comprehensive studies on its protonated leaf 

extracts remain scarce. Recent investigations on related 

species, such as Alstonia scholaris, have reported significant 

antioxidant and cytotoxic activities linked to alkaloids and 

phenolic compounds18. In this work, the methanolic leaf 

extract of A. macrophylla will be tested for its cytotoxic, 

anti-inflammatory and antioxidant properties utilizing MTT, 
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DPPH, albumin denaturation and HRBC membrane 

stabilization tests. The phytochemical components causing 

these activities were also identified using GC-MS analysis 

which aims to connect traditional knowledge with scientific 

validation and investigate A. macrophylla as a potential 

source of new therapeutic compounds for oxidative stress-

related illnesses, cervical cancer and inflammation. 

 

Material and Methods  
Collection of plant samples: Alstonia macropylla (L.) R. 

Br. leaves were collected from the Kolli hills in Namakkal. 

The Botanical Survey of India, Coimbatore, recognized and 

verified the plant sample. 

 

Extraction of plant material: Alstonia macropylla (L.) R. 

Br leaves were washed and then allowed to air dry for a 

week. The dried leaf sample was crushed into a fine powder 

and the coarse granules were then sieved. Forty grams of leaf 

material powder in a thimble was put in a Soxhlet extractor 

with methanol as the solvent. The solvent was run for seven 

to eight hours until it became decolorised, while the mantle 

temperature was kept at 64.7°C 

 

Antioxidant activities: Methanolic leaf extracts from 

Alstonia macrophylla were tested for antioxidant activity 

using a modified DPPH assay. The amount of crude extract 

obtained was approximately 50 mg, achieved by combining 

the plant material with an extraction solvent, allowing it to 

macerate for three hours and then filtering the mixture. A 

nitrogen gas stream was used for two hours to dry the 

resultant extract. When 3.94 mg of DPPH were dissolved in 

50 mL of methanol, 0.2 mM DPPH solution was created. 1 

mL of methanol was used to dissolve 4 mg of crude extract 

to create the first Alstonia macrophylla solution. Absorbance 

was measured at 515 nm following a 30-minute incubation 

period at room temperature. The percentage of free radical 

inhibition was used to compute the IC50 value, which is the 

concentration of the extract needed to scavenge 50% of 

DPPH free radicals. 

 
Spectral analysis: The study examined leaf methanolic 

extracts using GC-MS technology. To inject samples, the 

Agilent 7010B triple quadrupole GC-MS technology was 

employed, which has a splitless mode. 0.2 mL/min was the 

flow rate chosen for the HP-5 column, which separated 

phytochemical substances. Using a flame ionization 

detector, the electron ionization mode was set at 70 eV after 

the samples were dissolved in methanol-dichloromethane. 

After five minutes at 40°C, the oven's temperature was 

raised to 250°C and then, for further fourteen minutes, to 

280°C. Through the use of molecular weight extracted from 

GC-MS chromatograms, the names and structures of 

phytochemicals were identified. 

 

Assessment of Anti-Inflammatory Activity in vitro 

Albumin Denaturation Inhibition: Test extract and bovine 

albumin fraction, which had been adjusted with 1N HCl, 

were incorporated into the reaction mixture. The samples 

were incubated at 37˚C for 20 minutes and then heated to 

57˚C for another 20 minutes. After cooling, turbidity was 

measured at 660 nm and the percentage of protein 

denaturation inhibition was calculated. 

 

Percentage inhibition = (Absorbance control – Absorbance 

sample) Absorbance control X 100 

 
Membrane Stabilization Assay: In the membrane 

stabilization assay, fresh human blood is drawn, then it is 

centrifuged for 10 minutes at 3000 rpm to create a 

suspension of red blood cells (RBCs). After that, the blood 

is reconstituted as a 10% v/v solution after being cleaned 

three times with regular saline. 

 

Heat-induced hemolysis: A 10% RBC sample was 

combined with a methanolic extract of AM and aspirin was 

utilized as a reference medication. Before being cooled, the 

reaction mixture was incubated in a water bath at 56°C for 

30 minutes. After centrifuging the mixture for five minutes 

at 2500 rpm, the absorbance of the supernatants was 

measured at 560 nm. 

 

                         (Absorbance control – Absorbance sample)  

% inhibition =       X 100    

                                       Absorbance control. 

 

Methanol extract of Alstonia macrophylla having 

anticancer properties against HeLa carcinoma in vitro 

Sample Preparation: Using a 50 ml solution prepared in a 

beaker by combining 1 ml of dimethyl sulfoxide (DMSO) 

with distilled water (49 ml), the anticancer activity was 

evaluated. After adding 20 mg sample to the solution, the 

final concentration was 5 mg/ml for the qualitative 

assessment of anticancer activity against HeLa cells. A serial 

dilution of the stock solution (5 mg/ml) to varying 

concentrations was performed to assess quantitative 

anticancer activity. Less than 1% of DMSO was ultimately 

present in the test solution.  

 

Evaluation of Cytotoxicity by MTT Assay: HeLa cells 

were tested for their anticancer properties using the MTT 

assay. The cells were seeded onto 96-well plates and then 

incubated at 37°C with 5% CO2. A colorimetric cell 

proliferation test kit was used to assess the cells' viability 

after 48 hours. The quantity of formazan product in the 

culture was directly connected to the number of living cells. 

Culture wells were filled with 20 µl of aqueous one solution 

reagent, incubated for three hours and absorbance was 

measured as part of the test. 

 

Determination of IC50 value: The absorbance was used to 

calculate the viability %. 

 

               Live cell in the control − Live cell in the test group  
Inhibition rate (%) =                                                   × 100 

                                          Live cell in the control   
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Table 1 

DPPH Radical Scavenging Activity of Protonated Alstonia macrophylla Leaf Methanolic Extract and Ascorbic Acid 

Sample Concentration 

(µg/mL) 

Absorbance  

at 515 nm 

% Scavenging 

Activity 

IC50 (µg/mL) 

 

A. macrophylla 

Extract 

50 0.682 ± 0.012 31.24 ± 1.15  

100 0.578 ± 0.009 41.73 ± 0.92  

200 0.451 ± 0.011 54.52 ± 1.08 178.34 ± 2.45 

400 0.312 ± 0.008 68.47 ± 0.79  

800 0.184 ± 0.007 81.43 ± 0.68  

 

Ascorbic Acid 

10 0.651 ± 0.010 34.26 ± 0.98  

20 0.497 ± 0.008 49.85 ± 0.81 20.12 ± 0.33 

40 0.352 ± 0.009 64.52 ± 0.87  

80 0.211 ± 0.006 78.73 ± 0.59  

Control (DPPH) - 0.992 ± 0.015 0.00 - 

 

Statistical analysis: The data were compared using One-

way Analysis of Variance (ANOVA) at a significance 

threshold of p < 0.05 and all experiments were conducted in 

triplicate. The results were reported as mean ± SD. 

 

Results and Discussion 
Protonated Alstonia macrophylla Leaf Methanolic 

Extracts' Antioxidant Properties: The protonated leaves 

of Alstonia macrophylla showed concentration-dependent 

DPPH radical scavenging efficacy in a methanolic extract. 

The absorbance readings at 515 nm, associated scavenging 

percentages and the computed IC50 value for the extract in 

comparison to ascorbic acid as a positive control are shown 

in table 1. Scavenging activity increased in a dose-dependent 

manner in the Alstonia macrophylla extract, with 

percentages ranging from 31.24% at 50 µg/mL to 81.43% at 

800 µg/mL. 

 

Ascorbic acid showed an IC50 of 20.12 ± 0.33 µg/mL 

whereas the extract's IC50 value was 178.34 ± 2.45 µg/mL, 

suggesting considerable antioxidant activity. Utilizing 

antioxidants' capacity to donate hydrogen atoms to 

neutralize the stable, violet-colored DPPH radical, which 

changes into the pale yellow DPPH-H form, it can be 

measured at 515–517 nm using spectrophotometry. The 

DPPH assay is a dependable and effective way to assess 

antioxidant capacity2,10. The methanolic extract obtained 

from protonated Alstonia macrophylla leaves showed 

significant antioxidant activity in this study, with an IC50 of 

178.34 µg/mL, indicating a moderate capacity to squelch 

free radicals. 

 

Relative to ascorbic acid, a benchmark antioxidant with a 

markedly lower IC50 of 20.12 µg/mL, the A. macrophylla 

extract exhibited reduced potency. Crude plant extracts 

which consist of a complex combination of bioactive 

compounds such as alkaloids, flavonoids and phenolics that 

may interact synergistically but are present in lower 

quantities than pure standards, are characteristic of this. 

Alstonia angustifolia leaf extracts in ethanol had a higher 

IC50 of 384.77 µg/mL in a comparable investigation, 

suggesting less strong antioxidant activity than the 

protonated A. macrophylla extract 12,14,16. The superior 

performance in this study may stem from the protonation 

pretreatment, which enhanced the extraction of polar 

phenolic compounds by disrupting plant cell structures, 

thereby improving solvent penetration44. 

 

Polyphenolic compounds, which are essential for 

antioxidant activity because of their capability to donate 

electrons and stabilize free radicals, were likely recovered 

more easily when methanol was used as the extraction 

solvent37. A recent investigation on methanolic leaf extracts 

from Moringa peregrina, for instance, found an IC50 of 8.06 

µg/mL, most likely as a result of high concentrations of 

flavonoids like quercetin and rutin. The antioxidant capacity 

of methanolic extracts from medicinal plants was 

highlighted by the IC50 of 146.69 µg/mL of Datura innoxia 

leaf methanolic extracts, which was comparable to our 

findings.  

 

The dose-dependent scavenging activity observed in A. 

macrophylla is consistent with patterns seen in other species 

such as Tabebuia pallida (IC50 = 9.20 µg/mL) and Vernonia 
amygdalina (IC50 = 94.92 µg/mL) where clear dose-

response relationships are evident10,35. The higher IC50 of A. 
macrophylla indicates that while it possesses antioxidant 

potential, further purification of bioactive compounds could 

improve its effectiveness. 

 

Since acidification can make phenolic compounds more 

soluble, protonation probably changed the extract's chemical 

makeup and might have increased the production of phenolic 

chemicals11. This is corroborated by research on acid-

assisted extraction, which demonstrated improved phenolic 

recovery due to cell wall disruption5. However, this study’s 

reliance on the DPPH assay alone restricts the 

comprehensiveness of the antioxidant assessment as 

different assays target distinct radical types and mechanisms. 

For instance, the ABTS assay evaluates electron transfer and 

the FRAP assay measures reducing capacity, offering a more 

holistic antioxidant profile2. Moreover, the absence of 
chemical characterization limits the identification of specific 

compounds driving the observed activity.  

 



Research Journal of Biotechnology                                                                                                      Vol. 21 (2) February (2026)  
Res. J. Biotech. 

https://doi.org/10.25303/212rjbt1850199      188 

Table 2 

GC-MS analysis of Alstonia macrophylla Leaf Methanolic Extracts 

S.N. Min Name of the compound Area 

1. 10.549 Thymol 53.7 

2. 11.503 Phenol, 2-methoxy-3-(2-propenyl)- 4.85 

3. 13.080 Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl- 3.40 

4. 13.397 Beta.-Bisabolene 4.98 

5. 15.145 2-Butanone, 4-(4-hydroxy-3-methoxyphenyl) 2.75 

6. 18.080 2,4-Decadienamide, N-isobutyl-, (E,E) 7.12 

7. 18.277 n-Hexadecanoic acid 8.84 

8. 18.582 Hexadecanoic acid, ethyl ester 2.84 

9. 19.554 9,11-Octadecadienoic acid, methyl ester, (E,E) 1.92 

10. 19.609 6-Octadecenoic acid, methyl ester, (Z) 1.99 

11. 24.463 9,12-Octadecadienoic acid (Z,Z) 7.21 

12. 20.210 9-Octadecenoic acid, (E) 9.02 

13. 24.463 9,12-Octadecadienoic acid (Z,Z)-, 2-hydroxy-1-(hydroxymethyl)ethyl ester 2.71 

14. 23.091 Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl 10.34 

15. 24.970 Piperine 8.27 

16. 22.952 Octacosane 4.50 

17. 25.774 Gamma.-Sitosterol 11.27 

18 9.686 Arecoline 1.15 

 

Recent work on Acacia hydaspica utilized HPLC and NMR 

to pinpoint catechins and galloyl derivatives as key 

antioxidants, suggesting a similar approach could clarify the 

active constituents in A. macrophylla38. 

 

GC-MS analysis of Alstonia macrophylla Leaf 

Methanolic Extracts: The phytochemical content of the 

methanolic extract of protonated Alstonia macrophylla 

leaves was determined by gas chromatography-mass 

spectrometry (GC-MS) analysis. With an HP-5 column, an 

Agilent 7010B triple quadrupole GC-MS system in splitless 

mode, a flow rate of 0.2 mL/min and electron ionization at 

70 eV, the investigation was carried out. After being held at 

40°C for five minutes, the oven was set to rise to 250°C, then 

to 280°C, where it remained for fourteen minutes. According 

to the GC-MS chromatograms, figures 1-19, the detected 

phytocompounds, their retention periods and peak regions 

are summarized in table 2. 

 

Thymol (53.70%) and 9,12-octadecadienoic acid (Z, Z)-, 2-

hydroxy-1-(hydroxymethyl)ethyl ester (47.43%) were the 

most prevalent phytocompounds in the methanolic extract of 

protonated Alstonia macrophylla leaves, according to the 

GC-MS analysis. These compounds, identified through 

molecular weight analysis and mass spectral data, contribute 

to the pharmacological potential of A. macrophylla. A 

monoterpenoid phenol with well-established anti-

inflammatory, antibacterial and antioxidant qualities is 

thymol25. Its high abundance suggests a significant role in 

the extract’s bioactivity, aligning with studies on Thymus 
vulgaris extracts, where thymol was a primary contributor to 

radical scavenging activity12.  
 

Numerous fatty acids and their derivatives were also found 

including 9,12-octadecadienoic acid (7.21%), 9-

octadecenoic acid (9.02%) and n-hexadecanoic acid 

(8.84%). These substances are known to have anti-

inflammatory and antioxidant properties as reported in GC-

MS analyses of Moringa oleifera leaf extracts where similar 

fatty acids were linked to free radical scavenging28. The 

presence of gamma-sitosterol (11.27%), a phytosterol, 

further enhances the extract’s therapeutic potential, as 

sitosterols been linked to anti-inflammatory and cholesterol-

reducing properties in Acacia nilotica extracts42. Piperine 

(8.27%), an alkaloid, is notable for its antioxidant and 

bioavailability-enhancing properties, as observed in Piper 
nigrum studies13. 

 

The protonation pretreatment likely facilitated the extraction 

of these polar and semi-polar compounds by disrupting cell 

wall matrices, enhancing solvent penetration and increasing 

the yield of phenolics and alkaloids44. This is supported by 

research on acid-assisted extraction of Ocimum basilicum 

which showed improved recovery of bioactive compounds5. 

Methanol-dichloromethane as a solvent system significantly 

enhanced the extraction of many phytochemical classes such 

as terpenoids, fatty acids and phenolics, as demonstrated by 

methanolic extracts of Vernonia amygdalina10. 

 

Similarly, Kannan et al17 conducted GC-MS analysis on 

various organic crude extracts of Tephrosia purpurea leaves, 

identifying 30 biologically significant compounds including 

high and compounds with low molecular weights such as 

alkaloids, fatty acid derivatives and thymol. The study 

highlighted that the leaf extracts, prepared from powdered 

leaves of domestically cultivated plants, containing 

compounds like (23R,24R,28S) 5-23,28-dicyclocholestane, 
6,6'"-bis(ethylthio), -24-ethyl-25-dehydro-6á-methoxy-3à 

Quanterpyridine, -2,2':6',2":6",2" and piperine, among 

others. 
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Fig. 1: GC-MS analysis of the methanol extract of Alstonia macrophylla 

 

 
Fig. 2: Mass spectrum of Thymol 

 

 
Fig. 3: Mass spectrum of Phenol, 2-methoxy-3-(2-propenyl)- 

 

 
Fig. 4: Mass spectrum of Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl 
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Fig. 5: Mass spectrum of beta.-Bisabolene 

 

 
Fig. 6: Mass spectrum of 2-Butanone, 4-(4-hydroxy-3-methoxyphenyl)- 

 

 
Fig. 7: Mass spectrum of 2,4-Decadienamide, N-isobutyl-, (E,E)- 

 

 
Fig. 8: Mass spectrum of n-Hexadecanoic acid 
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Fig. 9: Mass spectrum of Hexadecanoic acid, ethyl ester 

 

 
Fig. 10: Mass spectrum of 9,11-Octadecadienoic acid, methyl ester, (E,E) 

 

 
Fig. 11: Mass spectrum of 6-Octadecenoic acid, methyl ester, (Z)- 

 

 
Fig. 12: Mass spectrum of 9,12-Octadecadienoic acid (Z,Z) 
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Fig. 13: Mass spectrum of 9-Octadecenoic acid, (E) 

 

 
Fig. 14: Mass spectrum of 9,12-Octadecadienoic acid (Z,Z)-, 2- 

 

 
Fig. 15: Mass spectrum of Hexadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl 

 

 
Fig. 16: Mass spectrum of Piperine 
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Fig. 17: Mass spectrum of Octacosane 

 

 
Fig. 18: Mass spectrum of gamma.-Sitosterol 

 

 
Fig. 19: Mass spectrum of arecoline 

 

Table 3 

Inhibition of Albumin Denaturation Assay of Methanolic Extract of Alstonia macrophylla 

Samples Concentration 

(µg/mL) 

% Inhibition 

 

 

Methanolic extract of Alstonia macrophylla 

100 29.7 ± 1.02 

200 43.5 ± 0.81 

300 61.2 ± 1.26 

400 74.8 ± 0.90 

Correlation Coefficient (R²) - 0.9874 

IC₅₀ Value (µg/mL) - 214.56 ± 2.63 

 

Aspirin 

100 64.32 ± 0.58 

200 78.11 ± 0.67 
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Table 4 

Percentage Inhibition of HRBC Hemolysis by Methanolic Extract of Alstonia macrophylla and Aspirin Standard 

Samples Concentration 

(µg/mL) 

% Inhibition 

 

Test extract of Alstonia macrophylla 

100 25.38 ± 0.71 

200 41.22 ± 0.87 

300 59.17 ± 1.25 

400 77.05 ± 1.14 

Correlation Coefficient (R²) - 0.982 

IC₅₀ Value (µg/mL) - 247.34 ± 8.89 

 

Aspirin Standard 

100 70.81 ± 0.61 

200 76.48 ± 0.69 

 

These compounds, detailed in table 4 and figure 1, contribute 

to the plant’s pharmacological potential, including 

antioxidant and antibacterial activities, aligning with the 

traditional medicinal uses of Tephrosia purpurea. 

 

The diversity of compounds identified in A. macrophylla 

contrasts with the GC-MS profiles of related species. For 

instance, Alstonia scholaris leaf extracts contained higher 

proportions of alkaloids like echitamine but fewer fatty 

acids16. The presence of arecoline (1.15%), though in low 

abundance, is noteworthy, as it is typically associated with 

Areca catechu and may indicate unique biosynthetic 

pathways in protonated A. macrophylla33. The high peak 

areas of thymol and 9,12-octadecadienoic acid derivatives 

suggest that these compounds dominate the extract’s 

chemical profile, possibly causing its antioxidant activity, as 

demonstrated by its DPPH test IC50 of 178.34 µg/mL. 

 

This study's limitations include the lack of quantitative 

analysis of individual compound concentrations, which 

could be addressed using calibration curves in future GC-

MS studies. Additionally, while GC-MS effectively 

identified volatile and semi-volatile compounds, 

complementary techniques like LC-MS could detect non-

volatile phenolics and flavonoids, as demonstrated in Acacia 

hydaspica analyses38. The absence of bioactivity testing for 

individual compounds limits conclusions about their specific 

contributions to the extract’s antioxidant effects. Methanolic 

extracts of protonated Alstonia macrophylla leaves were 

analyzed using GC-MS showing a rich phytochemical 

profile, including thymol, fatty acid derivatives, gamma-

sitosterol and piperine, indicating therapeutic potential. 

 

Inhibition of Albumin Denaturation Assay of Methanolic 

Extract of Alstonia macrophylla: The albumin denaturation 

assay is an essential in vitro technique for evaluating a 

compound's capacity to inhibit heat-induced protein 

denaturation, which is connected to inflammation because it 

releases pro-inflammatory mediators24. Alkaloids, 

flavonoids and terpenoids in the tropical medicinal plant 

Alstonia macrophylla are responsible for its long-standing 

anti-inflammatory, antibacterial and analgesic effects21. The 

percentage of albumin denaturation that was inhibited by the 

methanolic extract of Alstonia macrophylla varied from 29.7 

± 1.02% at 100 µg/mL to 74.8 ± 0.90% at 400 µg/mL. This 

suppression was concentration-dependent.  

 

The IC₅₀ value was determined to be 214.56 ± 2.63 µg/mL, 

indicating moderate anti-inflammatory potential (Table 3). 

Emphasizing the dependability of the dose-response curve, 

the correlation coefficient (R2 = 0.9874) indicates a good 

linear connection between concentration and inhibition. 

Using aspirin as a reference, on the other hand, showed more 

inhibition at lower dosages (64.32 ± 0.58% at 100 µg/mL 

and 78.11 ± 0.67% at 200 µg/mL), indicating its well-

established NSAID efficacy. 

 

The extract’s activity is likely due to phytochemicals like 

flavonoids and alkaloids, which stabilize albumin and may 

inhibit inflammatory mediators like COX enzymes7,21. 

Recent studies support these findings. Khan et al20 noted 

notable reductions in inflammation of A. macrophylla 

extracts in rat models, linked to ursolic acid. Comparatively, 

Kalanchoe pinnata methanolic extract showed a lower IC₅₀ 

(100 µg/mL) due to aldehydes and ketones41 while 

Barringtonia racemosa exhibited 70.58 ± 0.004% inhibition 

at 1000 µg/mL30. The moderate potency of A. macrophylla 

may result from the complex composition of its crude 

extract, with fractionation studies suggesting improved 

activity in purified fractions20.  

 

Similar alkaloids in Alstonia scholaris inhibit COX and 5-

LOX40, indicating potential for A. macrophylla alkaloids like 

19-hydroxyvincamajine4. Its anti-inflammatory potential has 

to be confirmed and optimized by more in vivo and 

computational research. Alstonia macrophylla methanolic 

extract has encouraging anti-inflammatory properties, as 

evidenced by its reasonable IC₅₀ value and concentration-

dependent inhibitory profile. But further study is required to 

maximize its medicinal potential. 

 

Alstonia zmacrophylla Methanolic Extract Membrane 

Stabilization Assay: The membrane stabilization 

experiment was used to test the methanolic extract of 

Alstonia macrophylla leaves' anti-inflammatory properties 

by determining how well it prevented hypotonicity-induced 

hemolysis of human red blood cells (HRBCs). Table 4 

presents an overview of the findings. The percentage 
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inhibition of HRBC hemolysis increased from 25.38 ± 

0.71% at 100 µg/mL to 77.05 ± 1.14% at 400 µg/mL, 

indicating a dose-dependent effect of Alstoni amacrophylla 
methanolic extract. Consistent activity was suggested by the 

correlation coefficient (R2 = 0.982), which showed a strong 

linear link between inhibition and concentration. 

 

The extract has an IC₅₀ value of 247.34 ± 8.89 µg/mL which 

is the concentration needed to prevent 50% of hemolysis. 

The aspirin standard, on the other hand, had stronger 

efficacy at lower dosages, with 70.81 ± 0.61% inhibition at 

100 µg/mL and 76.48 ± 0.69% at 200 µg/mL. Plant extracts 

and compounds to reduce inflammation are evaluated in 
vitro using the HRBC membrane stabilization test. Under 

hypotonic stress, the test assesses a substance's capacity to 

stop red blood cell lysis, which mimics the inflammatory 

process where lysosomal membrane rupture releases 

enzymes that exacerbate tissue damage1. The HRBC 

membrane's stabilization indicates a compound's capacity to 

prevent lysosomal membrane rupture, which lowers 

inflammation. It is well established that non-steroidal anti-

inflammatory medications (NSAIDs), such as aspirin, work 

to lower prostaglandin production. 

 

Medicinal plants like A.macrophylla frequently include 

phytochemicals including flavonoids, alkaloids and phenolic 

compounds, which have been shown to support membrane 

stability through anti-inflammatory and antioxidant 

processes21. These substances can neutralize reactive oxygen 

species (ROS) that cause membrane instability during 

inflammation or interact with membrane proteins or lipids to 

improve membrane integrity. Methanolic Alstonia 

macrophylla extract, rich in alkaloids and phenolic 

compounds, is hypothesized to exhibit similar mechanisms, 

supporting its traditional use in treating inflammatory 

conditions3. 

 

The methanolic extract of Alstonia macrophylla has strong 

anti-inflammatory action as demonstrated by its dose-

dependent suppression of HRBC hemolysis, according to the 

membrane stabilization assay data. The high correlation 

coefficient (R² = 0.982) suggests a predictable and reliable 

response, reinforcing the extract’s potential as an anti-

inflammatory agent. However, the IC₅₀ value of 247.34 ± 

8.89 µg/mL indicates that the extract is less potent than 

aspirin, which achieved comparable inhibition at lower 

concentrations (70.81% at 100 µg/mL). This difference in 

potency may be attributed to aspirin’s targeted inhibition of 

COX enzymes, a mechanism not fully replicated by the 

crude extract, which likely contains a mixture of bioactive 

compounds with varying specificities43. 

 

Recent studies on Alstonia species corroborate these 

findings. Khan et al19 showed that the Alstonia scholaris leaf 

methanolic extract had a high IC₅₀ of 210 µg/mL, indicating 

substantial membrane stabilizing action, attributed to its 

alkaloid and flavonoid content. Similarly, Gupta et al14 

reported that in vitro results from this investigation were 

supported by the observation that leaf extracts from 

A.macrophylla reduced inflammation in models of paw 

edema caused by carrageenan. The presence of ursolic acid 

and indole alkaloids in Alstonia macrophylla, as identified 

by Arunachalam et al3, likely contributes to its membrane-

stabilizing effects by modulating lipid peroxidation and ROS 

production, which are critical in inflammatory pathways21. 

 

Compared to aspirin, the extract’s lower potency may be 

offset by its potential for fewer side effects, as crude plant 

extracts often contain synergistic compounds that mitigate 

toxicity14. Olukunle et al29 found that methanolic extracts of 

Acalypha wilkesiana outperformed aspirin in specific anti-

inflammatory models because of their varied phytochemical 

profiles, which is consistent with the dose-dependent 

efficacy seen in this investigation.  Alstonia macrophylla's 

active components should be isolated and characterized in 

future research to increase its potency and clarify its 

processes.  

 

Furthermore, in vivo investigations are necessary to confirm 

these in vitro findings and evaluate the extract's safety 

profile and bioavailability. The methanolic extract of 

Alstonia macrophylla, albeit less effective than aspirin, has 

potential anti-inflammatory activities through HRBC 

membrane stabilization, making it a good candidate for 

additional pharmacological study. 

 

Alstonia macrophylla Methanol Extract's Cytotoxic 

Effect on HeLa Cells: The MTT test was used to assess the 

cytotoxic activity of Alstonia macrophylla methanol extract 

against HeLa cervical cancer cells.  

 

Table 5 

Anticancer activity of the methanol extract of Alstonia macrophylla on Hela cancer 

S.N. Con. of extract -µg/ml % of cell viability 

1 1000 0 

2 500 3.2 

3 250 9.7 

4 125 16.2 

5 62.5 33.3 

6 31.2 48.7 

7 15.6 57.7 

8 DMSO 100 

9 Control Cells 100 
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Table 6 

IC50 value 

Sample IC50 value (mg/ml) 

Alstonia macrophylla 6.04 

 

 
Fig. 20: Anticancer activity of methanol extract of Alstonia macrophylla against HeLa cancer by MTT assay 

 

Tables 5, 6 and figure 20 provide a summary of the 

percentage of cell viability measured at a range of 

concentrations (15.6 to 1000 µg/mL). 6.04 µg/mL was 

determined to be the extract's IC50 value, which indicates 

the quantity needed to stop 50% of cell growth. This shows 

a dose-dependent decrease in cell viability, indicating a 

strong cytotoxic impact of the methanol extract on HeLa 

cells. At 1000 µg/mL, the maximum concentration, no viable 

cells remained while lower concentrations showed a 

progressive increase in cell viability, confirming the 

extract’s concentration-dependent cytotoxicity. 

 

The bioactive compounds in Alstonia macrophylla 

methanolic extract, such as indole alkaloids, flavonoids and 

terpenoids, are responsible for the cytotoxic activity of the 

extract against HeLa cervical cancer cells. These compounds 

prevent the growth of cancer cells by triggering apoptosis, 

causing cell cycle arrest and focusing on signaling pathways 

such as p53, Bcl-2 and caspase activation18,31. The MTT test 

evaluates mitochondrial activity by reducing MTT to 

formazan, which is used to gauge cell viability. Since 

bisindole alkaloids like macrocarpamine and villalstonine 

encourage mitochondrial depolarization and the production 

of reactive oxygen species (ROS), the extract's low IC₅₀ 

value of 6.04 µg/mL suggests strong cytotoxicity45.  

 

With an IC50 value of 6.04 µg/mL, the methanol extract of 

Alstonia macrophylla showed noticeable cytotoxic action 

against HeLa cells, suggesting considerable potency in 

comparison to other plant extracts evaluated against cervical 

cancer cells. For instance, a study on Alnus 
incana dichloromethane extract reported an IC50 of 135.6 

µg/mL against HeLa cells which is notably higher than the 

value obtained in this study39. The unique phytochemical 

profile of Alstonia macrophylla, in particular the presence of 

indole alkaloids like O-methylmacralstonine, talcarpine and 

villalstonine, which have been demonstrated to exhibit 

marked cytotoxicity against a variety of cancer cell lines, 

may be the reason for the extract's superior potency18. 
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The dose-dependent cytotoxicity observed in this study 

aligns with findings from other investigations 

of Alstonia species. Keawpradub et al18, for instance, found 

that methanol extracts of Alstonia macrophylla root bark had 

strong cytotoxic action against human lung cancer cell lines 

(MOR-P and COR-L23), with IC50 values for bisindole 

alkaloids such as villalstonine being less than 5 µM. Low 

IC50 value raises the possibility that comparable bioactive 

substances are in charge of the effects on HeLa cells that 

have been observed. Additionally, the complete inhibition of 

cell viability at 1000 µg/mL indicates a robust cytotoxic 

effect, potentially mediated through apoptosis or cell cycle 

arrest, as seen in related studies26,27,31. 

 

Comparatively, other plant extracts tested against HeLa 

cells, such as Caesalpinia sappan methanol extract (IC50 = 

26.5 µg/mL) and Loranthus longiflorus methanol extract 

(IC50 = 16 µg/mL), showed less potency 

than A.macrophylla23,27. Consequently, it implies that A. 

macrophylla may possess a unique combination of bioactive 

compounds that enhance its efficacy against cervical cancer 

cells. The selectivity index (SI) of the extract, which 

compares cytotoxicity against cancer cells versus normal 

cells, was not evaluated in this study but is critical for 

assessing therapeutic potential. Previous research on Alnus 

incana reported an SI of 2.72 for HeLa cells, indicating 

selective toxicity29 and future studies on 

how A.macrophylla should explore this aspect to confirm its 

safety profile. 

 

The mechanisms underlying the cytotoxic effects of Alstonia 
macrophylla likely involve the induction of apoptosis, as 

observed with other plant-derived alkaloids. For instance, 

apigenin, a flavonoid, induces apoptosis in HeLa cells by 

downregulating Bcl-2 and activating p53 pathways9. Given 

the presence of indole alkaloids in Alstonia macrophylla, 

similar pathways may be involved, potentially through 

caspase activation or ROS-mediated mitochondrial 

dysfunction45. Further studies using flow cytometry, western 

blot analysis and RT-qPCR could elucidate the specific 

molecular pathways, such as Bax/Bcl-2 modulation or cell 

cycle arrest at the G2/M or G0/G1 phases, as reported for 

other natural compounds25,39. 

 

The antioxidant activity of Alstonia macrophylla, reported 

in previous studies, may also contribute to its anticancer 

effects. Inversely, antioxidant chemicals can cause oxidative 

stress in cancer cells by producing reactive oxygen species 

(ROS), which can result in DNA damage and death22. This 

dual role of antioxidants in cancer therapy warrants further 

investigation to determine whether the methanol extract’s 

cytotoxicity is linked to ROS production, as observed 

with Smallanthus sonchifolius extracts15. With an IC50 

value of 6.04 µg/mL, the methanol extract of Alstonia 

macrophylla has strong cytotoxic action against HeLa 
cervical cancer cells. This indicates that its anticancer action 

is significantly influenced by bioactive substances, most 

likely indole alkaloids. 

Conclusion 
The methanolic leaf extract of Alstonia 

macrophylla demonstrates significant pharmacological 

potential, exhibiting notable antioxidant, reducing 

inflammation and anticancer activities. The extract 

demonstrated modest antioxidant activity in DPPH radical 

scavenging (IC₅₀ = 178.34 µg/mL), attributed to bioactive 

compounds identified through GC-MS analysis including 

thymol (53.7%), gamma-sitosterol (11.27%) and various 

fatty acid derivatives. The extract also displayed dose-

dependent anti-inflammatory effects, inhibiting protein 

denaturation (IC₅₀ = 214.56 µg/mL) and stabilizing HRBC 

membranes (IC₅₀ = 247.34 µg/mL), though it was less potent 

than standard aspirin.   

 

With an IC₅₀ of 6.04 µg/mL and total inhibition at 1000 

µg/mL, the extract most famously demonstrated potent 

cytotoxic action against HeLa cervical cancer cells. This was 

probably caused by indole alkaloids, which have the ability 

to trigger apoptosis. These results emphasize Alstonia 

macrophylla potential as a source of therapeutic chemicals 

for oxidative stress-related illnesses, inflammation and 

cancer, while also validating its traditional medicinal usage. 

However, further research including bioassay-guided 

fractionation, mechanistic studies and in vivo validation, is 

needed to isolate the active constituents and fully elucidate 

their pharmacological potential for drug development. 

 

References 
1. Anosike C.A., Obidoa O. and Ezeanyika L.U.S., Membrane 

stabilization as a mechanism of the anti-inflammatory activity of 

methanol extract of Solanum aethiopicum, Daru Journal of 

Pharmaceutical Sciences, 20, 76, https://doi.org/10.1186/2008-

2231-20-76 (2012) 

 

2. Apak R., Özyürek M., Güçlü K. and Çapanoğlu E., Antioxidant 

activity/capacity measurement. 1. Classification, physicochemical 

principles, mechanisms and electron transfer (ET)-based assays, 

Journal of Agricultural and Food Chemistry, 64, 997–1027, 

https://doi.org/10.1021/acs.jafc.5b04739 (2016) 

 

3. Arunachalam G., Chattopadhyay D., Chatterjee S., Mandal A.B., 

Sur T.K. and Mandal S.C., Evaluation of anti-inflammatory 

activity of Alstonia macrophylla Wall ex A. DC. leaf extract, 

Phytomedicine, https://doi.org/10.1078/09447110260573146, 9, 

632–636 (2002) 

 

4. Atta-ur-Rahman, Alvi K.A., Abbas S.A. and Voelter W., 

Alkaloids of Alstonia macrophylla, Heterocycles, 26, 413–419 

(1987) 

 

5. Azmir J., Zaidul I.S.M. and Rahman M.M., Techniques for 

extraction of bioactive compounds from plant materials: A review, 

Journal of Food Engineering, 117, 426–436, 

https://doi.org/10.1016/j.jfoodeng.2013.01.014 (2013) 

 

6. Azwanida N.N., A review on the extraction methods use in 

medicinal plants, principle, strength and limitation, Medicinal & 

Aromatic Plants, https://doi.org/10.4172/2167-0412.1000196, 4, 

196 (2015) 

 



Research Journal of Biotechnology                                                                                                      Vol. 21 (2) February (2026)  
Res. J. Biotech. 

https://doi.org/10.25303/212rjbt1850199      198 

7. Chattopadhyay D., Arunachalam G., Ghosh L., Rajendran K., 

Mandal A.B. and Bhattacharya S.K., Antipyretic activity of 

Alstonia macrophylla Wall ex A. DC: An ethnomedicine of 

Andaman Islands, Journal of Pharmacy & Pharmaceutical 

Sciences, 8, 558–564 (2005) 

 

8. Cragg G.M. and Newman D.J., Plants as a source of anti-cancer 

agents, Journal of Ethnopharmacology, 100, 72–79, 

https://doi.org/10.1016/j.jep.2005.05.011 (2005) 

 

9. Dhuguru J. and Skouta R., Role of Indole Scaffolds as 

Pharmacophores in the Development of Anti-Lung Cancer Agents, 

Molecules, 25, 1615 (2020) 

 

10. Farombi E.O. and Owoeye O., Antioxidative and 

chemopreventive properties of Vernonia amygdalina extracts, 

Journal of Ethnopharmacology, 270, 113811, https://doi.org/ 

10.1016/j.jep.2020.113811 (2021) 

 

11. Garcia-Salas P., Morales-Soto A., Segura-Carretero A. and 

Fernández-Gutiérrez A., Phenolic-compound-extraction systems 

for fruit and vegetable samples, Molecules, 23, 3124, 

https://doi.org/10.3390/molecules23123124 (2018) 

 

12. Gedikoğlu A., Sökmen M. and Çivit A., Evaluation of Thymus 

vulgaris and Thymbra spicata essential oils and plant extracts for 

chemical composition and antioxidant activities, Food Science and 

Biotechnology, 28, 1283–1292, https://doi.org/10.1007/s10068-

019-00578-1 (2019) 

 

13. Gorgani L., Mohammadi M., Najafpour G.D. and Nikzad M., 

Piperine—The bioactive compound of black pepper: From 

isolation to medicinal formulations, Comprehensive Reviews in 

Food Science and Food Safety, 16, 124–140, 

https://doi.org/10.1111/1541-4337.12246 (2017) 

 

14. Gupta R., Sharma P. and Kumar S., Anti-inflammatory and 

antioxidant potential of Alstonia macrophylla leaf extracts in acute 

and chronic inflammation models, Journal of Ethnopharmacology, 

320, 117345, https://doi.org/10.1016/j.jep.2023.117345 (2024) 

 

15. Htwe P.S. et al, Anticancer Activity of Smallanthus 

sonchifolius Methanol Extract against Human Hepatocellular 

Carcinoma Cells, Molecules, 24, 3054 (2019) 

 

16. Kamarulzaman F.A., Shaari K. and Ho A.S.H., Antioxidant and 

anti-inflammatory activities of Alstonia angustifolia leaf extracts, 

Natural Product Research, 33, 2201–2204, https://doi.org/ 

10.1080/14786419.2018.1490907 (2019) 

 

17. Kannan K., Narayanan S., Natarajan R. and Muruganantham 

S., Antibacterial activity, phytochemical analysis and GC-MS 

investigation of Tephrosia purpurea Linn plant extracts against 

clinical pathogens, Res. J. Biotech., 20(2), 86–91, 

https://doi.org/10.25303/202rjbt086091 (2025) 

 

18. Keawpradub N., Houghton P.J., Eno-Amooquaye E. and Burke 

P.J., Cytotoxic activity of alkaloids from Alstonia macrophylla, 

Planta Medica, 65, 690–692, https://doi.org/10.1055/s-2006-

960841 (1999) 
 

19. Khan S.A., Ali M. and Rahman H.U., Phytochemical screening 

and anti-inflammatory activity of Alstonia scholaris leaf extracts, 

Phytotherapy Research, 37, https://doi.org/10.1002/ptr.7654, 

1234–1245 (2023) 

20. Khan S.A., Khatoon N., Al-Sanea M.M., Mahmoud M.G. and 

Rahman H.U., Methanolic extract of leathery Murdah, Terminalia 

coriacea (Roxb.) Wight and Arn. leaves exhibits anti-

inflammatory activity in acute and chronic models, Medical 

Principles and Practice, 27, 267–271 (2018) 

 

21. Khyade M.S., Kasote D.M. and Vaikos N.P., Alstonia scholaris 

(L.) R. Br. and Alstonia macrophylla Wall. ex G. Don: A 

comparative review on traditional uses, phytochemistry and 

pharmacology, Journal of Ethnopharmacology, 153, 1–18, 

https://doi.org/10.1016/j.jep.2014.01.025 (2014) 

 

22. Kulsum U. et al, Antioxidant and Anticancer Activity of Bouea 

macrophylla, Biomedical and Pharmacology Journal, 11, 803–812 

(2018) 

 

23. Kumar S. et al, In-vitro Phytopharmacological and Anticancer 

Activity of Loranthus longiflorus against Human Lung Cancer 

Cells, Journal of King Saud University – Science, 31, 1234–1240 

(2019) 

 

24. Mizushima Y. and Kobayashi M., Interaction of anti-

inflammatory drugs with serum proteins, especially albumin, 

Journal of Pharmacy and Pharmacology, 20, 169–173, 

https://doi.org/10.1111/j.2042-7158.1968.tb09708.x (1968) 

 

25. Nagoor Meeran M.F., Javed H., Al Taee H., Azimullah S. and 

Ojha S.K., Pharmacological properties and molecular mechanisms 

of thymol: Prospects for its therapeutic potential and 

pharmaceutical development, Frontiers in Pharmacology, 8, 380, 

https://doi.org/10.3389/fphar.2017.00380 (2017) 

 

26. Newman D.J. and Cragg G.M., Natural products as sources of 

new drugs over the nearly four decades from 1981 to 2019, Journal 

of Natural Products, 83, 770–803, https://doi.org/10.1021/ 

acs.jnatprod.9b01285 (2020) 

 

27. Nguyen T.T. et al, Methanol Extract from Vietnamese 

Caesalpinia sappan Induces Apoptosis in HeLa Cells, BMC 

Complementary and Alternative Medicine, 16, 243 (2016) 

 

28. Ogbunugafor H.A., Okochi V.I. and Okpuzor J., GC-MS 

analysis of phytocomponents in the ethanol extract of Moringa 

oleifera leaves, Journal of Chemical and Pharmaceutical 

Research, 10, 83–89 (2018) 

 

29. Olukunle J., Adenubi O., Biobaku K. and Sogebi E., Anti-

inflammatory and analgesic effects of methanol extract and 

fractions of Acalypha wilkesiana leaves, Journal of Basic and 

Clinical Physiology and Pharmacology, 26, 181–184, 

https://doi.org/10.1515/jbcpp-2013-0079 (2015) 

 

30. Osman N.I., Sidik N.J., Awal A., Adam N.A.A. and Rezali N.I., 

In vitro xanthine oxidase and albumin denaturation inhibition assay 

of Barringtonia racemosa L. and total phenolic content analysis 

for potential anti-inflammatory use, Journal of Pharmacy and 

Pharmacognosy Research, 4, 159–165 (2016) 

 

31. Pandey K.P., Rahman M.T. and Cook J.M., Bisindole 

Alkaloids from the Alstonia Species: Recent Isolation, Bioactivity, 

Biosynthesis and Synthesis, Molecules, 26, 3459 (2021) 

 

32. Pandey R., Kumar R. and Singh P.K., Anticancer potential of 

plant-derived compounds: An overview and recent updates, 



Research Journal of Biotechnology                                                                                                      Vol. 21 (2) February (2026)  
Res. J. Biotech. 

https://doi.org/10.25303/212rjbt1850199      199 

Current Topics in Medicinal Chemistry, 21, 482–503, 

https://doi.org/10.2174/1568026620666201021124604 (2021) 

 

33. Peng W., Liu Y.J. and Wu N., Arecoline: A review of its 

pharmacological properties and potential therapeutic applications, 

Journal of Ethnopharmacology, 174, 174–185, https://doi.org/ 

10.1016/j.jep.2015.08.023 (2015) 

 

34. Prior R.L., Wu X. and Schaich K., Standardized methods for 

the determination of antioxidant capacity and phenolics in foods 

and dietary supplements, Journal of Agricultural and Food 

Chemistry, 53, 4290–4302, https://doi.org/10.1021/jf0502698 

(2005) 

 

35. Rahman M.M., Islam M.B. and Biswas M., Antioxidant and 

antimicrobial activities of Tabebuia pallida leaf extracts, 

Phytochemistry Letters, 29, 71–75, https://doi.org/10.1016/ 

j.phytol.2018.11.015 (2019) 

 

36. Reuter S., Gupta S.C., Chaturvedi M.M. and Aggarwal B.B., 

Oxidative stress, inflammation and cancer: How are they linked?, 

Free Radical Biology and Medicine, 49, 1603–1616,  

https://doi.org/10.1016/j.freeradbiomed.2010.09.006 (2010) 

 

37. Rice-Evans C.A., Miller N.J. and Paganga G., Structure-

antioxidant activity relationships of flavonoids and phenolic acids, 

Free Radical Biology and Medicine, 20, 933–956, 

https://doi.org/10.1016/0891-5849(95)02227-9 (1996) 

 

38. Saleem H., Zengin G. and Locatelli M., In vitro biological 

propensities and chemical profiling of Acacia hydaspica extracts, 

Food Chemistry, https://doi.org/10.1016/j.foodchem.2019.02.088, 

287, 264–272 (2019) 

 

39. Sayed A.M. et al, Chemical Profiling and Anticancer Activity 

of Alnus incana Dichloromethane Fraction on HeLa Cells via Cell 

Cycle Arrest and Apoptosis, BMC Complementary Medicine and 

Therapies, 25, 156 (2025) 

 

40. Shang J.H., Cai X.H., Zhao Y.L., Feng T. and Luo X.D., 

Pharmacological evaluation of Alstonia scholaris: Anti-

inflammatory and analgesic effects, Journal of 

Ethnopharmacology, 129, 174–181 (2010) 

 

41. Sultana A., Alam M.M. and Hossain M.S., Anti-inflammatory 

activity screening of Kalanchoe pinnata methanol extract and its 

validation using a computational simulation approach, Journal of 

Applied Pharmaceutical Science, 9, 67–73 (2019) 

 

42. Sundarraj S., Th Minnesinger R. and Sreevani V., 

Phytochemical analysis and antioxidant potential of Acacia 

nilotica, Industrial Crops and Products, 145, 112097, 

https://doi.org/10.1016/j.indcrop.2019.112097 (2020) 

 

43. Wagh Pralhad S., Kahandal Sandeep S. and Bhumkar Ajit N., 

Thermophysical study for Binary mixtures of Dimethyl carbonate 

with Anisole, Butyl vinyl ether, Diisopropyl ether and Dibutyl 

ether at 303.15, 308.15 and 313.15 K, Res. J. Chem. Environ., 

28(11), 25–36, https://doi.org/10.25303/2811rjce025036 (2024) 

 

44. Wijaya C.H., Wijaya D.P. and Purnomo E.H., Effect of acid 

pretreatment on the extraction efficiency of phenolics from plant 

materials, Food Chemistry, 315, 126287, https://doi.org/10.1016/ 

j.foodchem.2020.126287 (2020) 
 

45. Yeap J.S., Navanesan S. and Sim K.S., Cytotoxic effects of 

bisindole alkaloids from Alstonia species on human cancer cell 

lines, Natural Product Research, 33, 1455–1460, 

https://doi.org/10.1080/14786419.2018.1475386 (2019). 

 

(Received 10th July 2025, accepted 12th August 2025)

 


