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ABSTRACT:  

Introduction: A wide range of medicinal pharmacological properties against acute and 

chronic diseases have been demonstrated by numerous medicinal plant bioactive extracts 

and their identified active constituents. 

Objectives: This study assesses the antioxidant, anti-inflammatory, and anti-

cholinesterase properties of successive extracts derived from Lagerstroemia speciosa at 

varying concentrations in order to determine their potential medical utility. 

Methods: For extraction, the Soxhlet extraction technique was utilised. Moreover, free 

radical scavenging, hemolytic inhibitory, protein denaturation, and cholinesterase 

inhibition assays were investigated to measure the pharmacological activities.   

Results: The phytochemical levels in the methanol extract were higher than those in the 

other extracts. All the extracts showed percentage inhibition dose-dependently. 

Comparatively, methanol extract possessed better anti-oxidant and anti-inflammatory 

properties. Subsequently, at concentrations (6.25-200 µg/mL), methanol extract dose-

dependently inhibited acetylcholinesterase (AChE), and butrylcholinesterase (BuChE). 

The IC50 values were determined to be 36.02 ± 0.62, and 64.58 ± 1.48 µg/mL (p < 0.001), 

respectively.  

Conclusions: Thus, methanol extract should be further evaluated in search of other 

phytochemicals, and the in-vitro studies should be validated through in-vivo animal models.    

 

 

1. Introduction 

According to estimates from the World Health 

Organisation (WHO), approximately 80% of people 

worldwide receive their primary medical care 

through traditional medicine, with most of these 

treatments involving the use of herbal extracts and 

their active ingredients [1]. Numerous medicinal 

plant bioactive extracts and their identified active 

constituents have demonstrated a range of 

medicinal pharmacological properties against 

various acute and chronic diseases [2, 3]. At 

present, the effects of oxidative stress and its 
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contributing factors have emerged as a significant 

concern for human health [1]. Stress increases the 

body's ability to produce reactive oxygen species 

(ROS) [4]. The inability of endogenous enzymatic 

and nonenzymatic antioxidant substances to 

manage the excess of ROS results in process 

imbalances, cell damage, and health issues [5]. A 

daily diet deficient in antioxidant compounds can 

cause several inflammatory illnesses, cancers, 

cardiovascular conditions, and Alzheimer's disease 

[5, 6, 7]. Flavonoids and phenolic content have been 

shown in numerous studies to contribute to the 

antioxidant properties of natural compounds [8]. 

Antioxidants based on natural compounds are one 

of the more effective therapeutic agents to lessen 

the illnesses brought on by oxidative stress because 

they prevent the production of free radicals [1]. The 

flavonoids and phenolic compounds have anti-

inflammatory properties in addition to their 

antioxidant properties [8]. Anti-inflammatory 

studies have demonstrated that bioactive extracts 

and their natural compounds work biologically by 

inhibiting two key signalling pathways, including 

NF-κB and mitogen-activated protein kinases 

(MAPKs), which are responsible for the majority of 

proinflammatory mediator production [1]. 

One of the main causes of ageing is known to be 

oxidative stress [9].  

This is regarded as a primary pathogenesis cause of 

Alzheimer’s disease (AD) since it is linked to Aβ 

plaque deposition, which results in neuronal 

oxidative stress in AD patients [10]. According to 

earlier research, reactive oxygen species (ROS) are 

a significant factor in neurodegenerative diseases 

and ultimately lead to neuronal death, which 

impairs memory, cognitive function, and behavior 

[10, 11, 12]. The role of acetylcholinesterase 

(AChE) in AD cognitive deficits has also been 

clarified by recent research [13]. Acetylcholine 

(ACh) is hydrolyzed and broken down in the 

synaptic cleft by the enzyme AChE [14]. The 

neurotransmitter acetylcholine (ACh) is deposited 

within neurofibrillary tangles and amyloid beta 

(Ab) plaques in the central nervous system (CNS) 

and is responsible for cholinergic transmission in 

the brain [11]. Cognitive impairments and, in the 

worst situations, death result from the subsequent 

lack of cholinergic neurotransmission brought on 

by decreased ACh levels. Therefore, treatments that 

block AChE and raise ACh levels are promising 

short-term solutions for AD [15]. 

The deciduous tropical tree known as banaba, 

Lagerstroemia speciosa (L.) Pers, contains several 

polyphenolic compounds [16]. The leaves of L. 

speciosa have yielded more than 40 

phytoconstituents that have been isolated and 

identified so far. These phytoconstituents, which 

have a variety of biological activities, include 

flavones, glycosides, corosolic acid, quercetin, 

isoquercitin, triterpenes, tannins, ellagic acid and its 

derivatives, and a triterpenoid [17]. There are 

numerous significant biological characteristics 

found in practically every part of the plant of L. 

speciosa [18]. Leaf is used to make slimming tea 

and to treat hypertension, diabetes, 

hypercholesterolemia, and various renal 

dysfunctions. Locals use the plant's bark to treat 

diarrhea [18, 19]. Its use is regarded as the most 

practical and effective method for managing 

diabetes due to its anti-diabetic effects and lack of 

apparent side effects [20]. Corosolic acid, a 

phytocomponent from L. speciosa, has recently 

been shown to have hypoglycemic and free radical 

scavenging qualities in animal models, despite the 

fact that it was previously believed that an insulin-

like peptide hormone contributed to the 

hypoglycemic activity [21]. The majority of plants 

selected for study have a promising history of 

traditional use. L. speciosa is a very promising topic 

for additional research because of its identified 

biological characteristics, traditional uses, and 

isolated phytoconstituents. The anti-inflammatory, 

anti-cholinesterase, and antioxidant properties of 

leaf extract in various solvents have not yet been 

studied. As a result, the current study examined the 

extraction of plant leaves using a successive 
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extraction technique and assessed their antioxidant, 

anti-inflammatory, and anti-cholinesterase 

properties.  

2. Objectives 

This study assesses the antioxidant, anti-

inflammatory, and anti-cholinesterase properties of 

successive extracts derived from Lagerstroemia 

speciosa at varying concentrations in order to 

determine their potential medical utility. 

 

3. Methods 

3.1. Chemicals and equipment 

The reagents and chemicals employed in this 

investigation were purchased from Sigma-Aldrich 

(Bangalore, India). 2,2-diphenyl-2-picrylhydrazyl 

(DPPH), ferric chloride, Folin–Ciocalteu reagent, 

hydrogen peroxide, ascorbic acid, sodium chloride, 

anhydrous sodium sulfate, BSA (Bovine serum 

albumin), salicylic acid, Whatman no.1 filter paper, 

acetylcholinesterase, butyrylcholinesterase, 

acetylthiocholine iodide, butyrylthiocholine iodide, 

donepezil hydrochloride, and DTNB were all used 

in this study. All the other solvents and reagents 

were of analytical grade. The colorimetric assays 

were analysed in UV-visible spectrophotometer 

(A125359, Shimadzu corp., South Korea), and 

micro-plate reader (BioTech 800TS, Agilent, 

USA). 

3.2. Collection of plant material and preparation 

of extracts 

Fresh leaves of Lagerstroemia speciosa (L.) were 

collected in September 2024 from Boragaon, 

Guwahati, Assam, India. The authentication of the 

plant was done by the curator, Department of 

Botany, Gauhati University, Assam, India. The 

voucher specimen (Ref. No. 

Herb./GUBH/2024/101) was later deposited at 

herbarium of Girijananda Chowdhury University, 

Assam, India. The plant was rinsed with distilled 

water and air-dried, followed by final drying in a 

tray dryer (TC-704, Kolkata, India) at 40ºC for 72 

hrs. Powdered plant material (100 g) was dissolved 

in solvents (1L) with increasing polarity: 

hexane>chloroform>ethyl 

acetate>methanol>water. This successive 

extraction procedure was done in accordance with 

Kumar et al. [22] with minor adjustments. The 

entire extraction technique was carried out in 

Soxhlet apparatus for 72 hrs. The extracts were 

filtered with Whatman no. 41 filter paper and 

concentrated in rotary evaporator (Rotavapor-

R300, Buchi Ltd., India) at 55 ± 5ºC under reduced 

pressure. All the extracts were stored at 4 °C until 

needed for further use.  

3.3. Estimation of phytochemical properties of 

extracted materials 

3.3.1. Phytochemical screening  

The solvent extracts of L. speciosa were screened 

using the techniques previously outlined by 

Guevara [23] to determine whether any additional 

phytochemical constituents were present. 

3.3.2. Total phenolic content 

According to Nur et al. [24], with minor 

modifications, the total phenolic content of each 

solvent extract was determined. In short, this assay 

involved creating different samples by dissolving 

10 mg in 10 mL of ethanol. A homogenized solution 

was obtained by sonicating the mixture for five 

minutes. To 300 μL of this solution in a test tube, 1 

mL of ethanol, 3.16 mL of distilled water, and 200 

μL Folin-Ciocalteu reagent were added. 600 μL of 

a 10% sodium carbonate solution was added to the 

test tube after it had been incubated for 8 minutes at 

room temperature. It was then covered with 

aluminium foil and heated to 40°C for 30 minutes. 

The same process was used to create a blank, but 

instead of the extract, an equivalent volume of 

ethanol was used. A UV spectrophotometer was set 

to 765 nm to measure the sample's absorbance. The 

same process was used to determine the gallic acid 

standard curve. Gallic acid equivalents (GAE) in 

milligrams per 100 grams were used to represent the 
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total phenolic content. The total phenolic content 

(TPC) was expressed as: 

TPC (mg GAE/100 g) = C × (V/M)  

‘C’ denotes the equivalent of gallic acid 

concentration, ‘V’ depicts the volume of extract 

solution, and ‘M’ represents the mass of the extract 

utilised. 

3.3.3. Total flavonoid content 

 The total flavonoid content was determined by 

using an established method [25] with minor 

changes. Rutin was diluted to different 

concentrations (31.25–1000 μg/mL) and used as a 

standard by dissolving it in ethanol. After 10 mg are 

sonicated for 10 minutes in 10 mL of ethanol, each 

extract created a solution. A test tube was filled with 

3.4 mL of 30% aqueous ethanol to create a clear 

solution of a 300 μL extract (1 mg/mL of ethanol). 

150 μL of aqueous sodium nitrite (0.5 M) and 150 

μL of aluminum chloride solution (0.3 M) were then 

added to the mixture. After 5 minutes, 1 mL of 

sodium hydroxide solution was added to a test tube, 

thoroughly mixed, and its absorption was measured 

against a blank using a 506 nm UV-visible 

spectrophotometer. This continued in the same 

manner, with the exception of substituting an 

equivalent volume of ethanol for the extract. The 

total flavonoid content was expressed as: 

TFC (mg RE/100 g) = C´ × (V/M)  

‘C´’ represents the equivalent of rutin 

concentration, V’ depicts the volume of extract 

solution, and ‘M’ denotes the mass of the extract 

utilised. 

3.3.4. Total tannin content 

The total tannin content was determined according 

to Makkar et al. [26]. Test tubes were filled with a 

0.02–0.1 mL of the extract, 0.5 ml of distilled water, 

0.25 ml of the Folin–Ciocalteu reagent, and 1.25 ml 

of the sodium carbonate solution. After 40 minutes, 

tubes were vortexed and the absorbance was 

measured at 725 nm using UV-visible 

spectrophotometer. The same procedure was 

repeated replacing the extract with tannic acid (0.1 

mg/mL) as standard. The content of tannin was 

expressed as: 

TTC (mg TAE/100 g) = [(C´´× V × DF × 100) /M]  

‘C´´’ denotes the equivalent of tannic acid 

concentration, ‘DF’ stands for dilution factor, V’ 

depicts the volume of extract solution, and ‘M’ 

represents the mass of the extract utilised. 

3.3.5. Determination of proanthocyanidins 

 0.50 mL of the extract was diluted with 70% 

acetone into a glass test tube. The amount of 

acetone should be sufficient to keep the assay's 

absorbance (550 nm) from rising above 0.6. It may 

occasionally need to be ascertained by trial and 

error and will rely on the amount of 

proanthocyanidin anticipated in the sample. Next, 3 

mL of the butanol-HCl (95:5 v/v) reagent and 0.1 

mL of the ferric reagent were added to the tubes. 

After vortex, tubes covered with aluminium foil on 

the mouth were placed in a boiling water bath set 

between 97 and 100°C for 60 min. The absorbance 

was measured at 550 nm using UV-visible 

spectrophotometer [26]. The proanthocyanidin 

content was expressed as: 

PC (mg CE/100 g) = [(C´´´× V × DF × 100) /M]  

‘C´´´’ denotes the equivalent of catechin 

concentration, ‘DF’ stands for dilution factor, V’ 

depicts the volume of extract solution, and ‘M’ 

represents the mass of the extract utilised. 

3.4. Assessment of in-vitro antioxidant activity 

3.4.1. DPPH scavenging assay 

With a few minor modifications, the DPPH 

scavenging assay, as described by Sakat et al. [27], 

was used to measure the antioxidant activity. The 

assay detects the simultaneous conversion of the 

stable violet DPPH radical into a yellow reduced 

form. Consequently, absolute ethanol was used in 

this assay to treat the ascorbic acid and 
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experimentally extracted samples. Next, 9.5 mL of 

freshly prepared DPPH solution (50 μg/mL) in 

absolute ethanol was mixed with 500 μL of each 

sample. 10 mL of 50 μg/mL of DPPH processed in 

absolute ethanol was used as a negative control, 

while ascorbic acid was used as a positive control. 

After thoroughly mixing the contents of each 

preparation, they were incubated for 10 minutes at 

25 °C in the dark. The absorbance was measured 

using a UV-visible spectrophotometer at 517 nm. 

The following formula was used to calculate the 

percentage of DPPH free radicals scavenged, which 

was carried out in triplicate (n = 3): 

Percentage inhibition = [(Ac-As)/Ac] × 100  

‘Ac’ indicates the absorbance of the control, and 

‘As’ represents the absorbance of the sample. This 

equation was utilised to determine the percentage 

inhibition of the extracts for the other antioxidant 

assays. 

3.4.2. ABTS assay 

The ABTS assay was accomplished according to 

Ahmed et al. [25] with minor modifications. Plant 

extracts were prepared in methanol with dilutions 

ranging from 25 to 200 μg/mL. A sample (10 μL) 

was put in a test tube and thoroughly mixed with 

2.99 mL of ABTS radical working solution. The 

working solution of ABTS•+ radical was created by 

reacting ABTS (9.5 mL, 7 mM) with potassium 

persulfate (245 μL, 100 mM) and increasing the 

volume to 10 mL with distilled water. The solution 

was then left in the dark at room temperature for 18 

hours before being diluted with potassium 

phosphate buffer (0.1 M, pH 7.4) to an absorbance 

of 0.70 (±0.02) at 734 nm.  

3.4.3. Reducing power assay 

The reducing power was determined according to 

Bhatti et al. [28] with slight modifications. Separate 

samples of 0.2 mL of the extracts at different 

concentrations (25–200 μg/mL) were combined 

with 0.5 mL of 1% potassium ferricyanide and 0.5 

mL of phosphate buffer (0.2 M, pH 6.6). For 20 

min., the mixture was incubated at 50°C in a water 

bath. It was allowed to cool to room temperature 

before being centrifuged for 10 minutes at 3000 rpm 

with 0.5 mL of 10% trichloroacetic acid added. 

After collecting 0.5 mL of the supernatant, it was 

combined with 0.5 mL of distilled water. After 

adding 0.1 mL of 0.1% ferric chloride, the mixture 

was allowed to sit at room temperature for 10 min. 

At 700 nm, the absorbance was measured with UV-

visible spectrophotometer. Ascorbic acid was 

employed as a positive control in the study.  

3.4.4. Free radical scavenging assay 

The capability of the extract to scavenge hydrogen 

peroxide (H2O2) was assessed using an established 

method developed by Bhatti et al. [28] with minor 

changes. An aliquot of 0.1 mL of extract (25–200 

μg/mL) was added to each Eppendorf tube, and 0.6 

mL of 2 mM H2O2 solution was added after the 

volume of the tubes was increased to 0.4 mL with 

50 mM phosphate buffer (pH 7.4). The absorbance 

of the reaction mixture was measured at 230 nm 

after it had been vortexed for 10 minutes. The use 

of ascorbic acid served as the positive control.  

3.5. Assessment of in-vitro anti-inflammatory 

activity 

3.5.1. Denaturation of protein 

Denaturation of protein inhibition was calculated 

using the methodology adopted by Nur et al. [24]. 

For each test, the extracted materials were dissolved 

in deionized water to produce a concentration of 1 

mg/ml. In multiple test tubes, the standard and 

tested extract stock solutions were diluted with 0.1 

M phosphate buffer solution (pH-7.4) at different 

concentrations (50–400 μg/ml). 5 mL reaction 

mixture contained 0.02 mL of the extract, 0.2 mL of 

1% bovine albumin, and 4.78 mL of phosphate-

buffered saline (PBS, pH 6.4). The reaction mixture 

was combined, incubated for 15 minutes at 37 °C in 

a water bath, and then scorched for 5 minutes at 70 

°C. Following that, a UV-vis spectrometer was used 

to measure the absorbance at 660 nm. The following 
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equation was used to estimate the percentage 

inhibition of BSA denaturation during the triplicate 

assay: 

Percentage inhibition = [(Ac-At)/Ac] × 100 

‘Ac’ indicates the absorbance of the control, and 

‘At’ represents the absorbance of the test sample.  

3.5.2. Heat induced hemolysis inhibition assay 

The heat-induced hemolysis inhibitory assay was 

determined according to the method established by 

Gunathilake et al. [29] with minor modifications.  In 

brief, 2.90 mL of phosphate buffer (pH 7.4), 0.05 

mL of the blood cell suspension, and 0.05 mL of 

each of the extracts (50-400 µg/mL) were 

combined. In a shaking water bath, the mixture was 

incubated for 20 min at 54 °C. A UV-vis 

spectrometer was then used to measure the 

absorbance of the supernatant at 540 nm after the 

incubated mixture had been centrifuged (1431 g for 

5 min). The test was performed in triplicate, and the 

average mean value was recorded. The following 

formula was used to determine the hemolysis 

percentage: 

Percentage inhibition of hemolysis = 100 × (1-

At/Ac) 

‘At’ indicates the absorbance of the test sample, and 

‘Ac’ represents the absorbance of the control.  

3.6. Assessment of cholinesterase inhibitory 

activity 

3.6.1. Cholinesterase inhibition assay 

The cholinesterase inhibition assay was done in 

accordance with method developed by Kushari et 

al. [30]. A 96-well microplate labelled with the 

concentrations of the test samples and the reference 

standard was used in the assay process. Each plate 

received 40 μL of 50 mM tris-HCl buffer, 20 μL of 

0.26 U/mL enzyme solution, and 100 μL of 3 mM 

DTNB. After that, 20 μL of the test samples (6.25–

200 μg/mL) were added to the plate, and it was 

incubated for 15 minutes at 25 °C. Absorbance was 

measured at 412 nm after 20 μL of a 15 mM 

acetylthiocholine iodide solution was added to each 

well. The same experiment was conducted with 

butyrylthiocholine iodide as a substrate to measure 

the BuChE activity of the test sample. All the 

measurements were conducted in triplicate and the 

percentage inhibition was expressed as: 

Percentage inhibition = [(ABLANK – 

ASAMPLE)/ABLANK] × 100 

3.7. Statistical analysis 

The results are shown as mean ± S.D (n=3). The 

Bonferroni post-test was used after a one-way 

ANOVA was used to determine whether there were 

significant differences between means. P-value < 

0.05 was considered significant. GraphPad Prism 

version 5 was used to compute the IC50 value 

through non-linear regression analysis with a 

sigmoidal dose-response (variable slope) model. 

4. Results 

4.1. Phytochemical analyses 

The phytochemical analyses of successive extracts 

revealed that the major phytoconstituents were 

present in the methanol and ethyl acetate extracts 

(Table 1). Moreover, the phytochemical 

constituents in different solvent extracts of L. 

speciosa are presented in Table 2. In Table 2, it is 

observed that the methanolic and aqueous extract 

contains a notable amount of total phenolic content, 

flavonoid content, and proanthocyanidin content 

compared to other extracts. Whereas, chloroform 

extract contains the maximum amount of total 

tannin content, contrary to others.  

Table 1. Phytochemical screening of different 

extracts of L. speciosa. 

 

Phytoche

micals 

 

Qualitative 

test 

L. speciosa 

Hex

ane 

Chlorof

orm 

Eth

yl 

acet

ate 

Meth

anol 

Aqu

eous 
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Phenol Ferric 

chloride test 

- - + + + 

Carbohydr

ate 

Molisch test + + + + + 

Protein Xanthoprotei

c test 

- - - + + 

Flavonoid Alkaline 

reagent test 

+ + + + + 

Alkaloid  Wagner test - - - - - 

Tannin Lead test + + + + + 

Terpenoid Salkowski 

test 

+ + + + + 

Glycoside Keller-

killiani test 

+ + + + - 

Saponin Foam test - - - - - 

Essential 

oil 

Vanillin-

sulphuric acid 

test 

+ + + + - 

Fixed oil Sudan III test + + + - - 

(-): present, (+): absent 

Table 2. Estimation of total phenolic content, total 

flavonoid content, total tannin content, and 

proanthocyanidin content of L. speciosa. 

Test 

sample 

Total 

phenolic 

content 
a 

Total 

flavonoid 

content b 

Total 

tannin 

content 
c 

Proanthocyanidin 

content d 

HELS 
32.56 ± 

2.68 

286.14 ± 

2.42 

8.26 ± 

0.36 
16.48 ± 0.76 

CHLS 
38.48 ± 

1.84 

293.20 ± 

3.20 

12.30 ± 

0.62 
12.50 ± 0.42 

EALS 
44.18 ± 

2.40 

310.06 ± 

3.14 

6.28 ± 

0.28 
14.56 ± 0.84 

MELS 
56.04 ± 

2.26 

382.24 ± 

2.68 

8.52 ± 

0.74 
22.26 ± 2.08 

AQLS 
58.64 ± 
1.88 

412.68 ± 
3.46 

4.64 ± 
0.44 

18.36 ± 0.54 

 

HELS: hexane extract of L. speciosa, CHLS: 

chloroform extract of L. speciosa, EALS: ethyl 

acetate extract of L. speciosa, MELS: methanol 

extract of L. speciosa, AQLS: aqueous extract of L. 

speciosa, a: mg gallic acid equivalent/100 g of 

sample, b: mg rutin equivalent/100 g of sample, c: 

mg tannic acid equivalent/100 g of sample, d: mg 

catechin equivalent/100 g of sample.  

4.2. Assessment of in-vitro antioxidant activity 

In this evaluation, DPPH, ABTS, reducing power, 

and free radical scavenging assays were performed 

to assess the antioxidant activity of the extracts of 

the L. speciosa (Figure 1). In the DPPH assay, at the 

concentrations of 25, 50, 75, 100, and 200 µg/mL, 

all the extracts showed antioxidant capacity. The 

methanolic extract of L. speciosa (MELS) exhibited 

antioxidant capacity ranging from 62.28 ± 2.34% to 

88.55 ± 2.68 %, respectively. In contrast, aqueous 

extract of L. speciosa (AQLS) displayed from 45.05 

± 1.76% to 85.73 ± 2.52 %, ethyl acetate extract of 

L. speciosa (EALS) showed from 50.56 ± 1.08% to 

81.77 ± 2.04 %, chloroform extract of L. speciosa 

(CHLS) showed from 45.26 ± 0.64% to 70.16 ± 

1.47%, and hexane extract of L. speciosa exhibited 

from 44.28 ± 0.62% to 61.33 ± 0.86 %, respectively. 

The positive control, ascorbic acid showed DPPH 

scavenging activity ranging from 46.18 ± 0.52% to 

93.36 ± 1.76%, respectively (Figure 1a). In the 

ABTS assay, MELS exhibited percentage inhibition 

from 19.20 ± 0.96% to 58.01 ± 0.37%, AQLS 

displayed from 14.62 ± 0.87% to 35.36 ± 0.60%, 

EALS showed from 8.42 ± 0.91% to 26.01 ± 1.10%, 

CHLS from 10.76 ± 1.25% to 32.01 ± 0.67%, and 

HELS exhibited from 13.18 ± 1.53% to 50.86 ± 

1.54%, respectively. The positive control, ascorbic 

acid showed ABTS scavenging activity ranging 

from 28.86 ± 1.28% to 77.65 ± 2.35%, respectively 

(Figure 1b). Similarly, in the reducing power assay, 

MELS displayed percentage inhibition from 29.06 

± 0.38% to 81.89 ± 1.24%, AQLS ranged from 

17.54 ± 0.18% to 63.45 ± 0.44%, EALS varied from 

20.35 ± 0.24% to 47.01 ± 0.36%, CHLS displayed 

from 8.84 ± 0.10% to 46.86 ± 0.38%, and HELS 

showed from 3.35 ± 0.08% to 45.69 ± 0.44%, 

respectively. However, ascorbic acid showed 

percentage inhibition from 46.98 ± 0.74% to 94.27 

± 1.14%, respectively (Figure 1c). In the free radical 
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scavenging assay, MELS exhibited scavenging 

activity from 24.50 ± 0.57% to 44.56 ± 0.48%, 

AQLS ranged from 17.62 ± 0.87% to 28.36 ± 

0.60%, EALS showed from 16.22 ± 0.91% to 30.10 

± 0.23%, CHLS displayed from 18.76 ± 0.25% to 

35.10 ± 0.67%, and HELS showed from 11.83 ± 

0.68% to 26.86 ± 0.36%, respectively. Ascorbic 

acid showed scavenging activity from 34.86 ± 

0.88% to 58.65 ± 0.35%, respectively (Figure 1d). 

The IC50 values for the extracts in antioxidant 

assays are presented in Table 3. 

 

Figure 1. An illustration of the antioxidant 

activities of the successive extracts of L. speciosa. 

(a) and (b) represent the dose-dependent DPPH and 

ABTS scavenging activities of the different extracts 

of L. speciosa, (c) and (d) represent the reducing 

power and free radical scavenging assays of the 

different extracts of L. speciosa. Values are 

represented as Mean ± SD (n = 3). Ascorbic acid 

was used as the reference standard. HELS: hexane 

extract of L. speciosa, CHLS: chloroform extract of 

L. speciosa, EALS: ethyl acetate extract of L. 

speciosa, MELS: methanol extract of L. speciosa, 

AQLS: aqueous extract of L. speciosa, AA: 

ascorbic acid. 

 

 

Table 3. IC50 values of different extracts for in vitro 

antioxidant assays. 

Test 

samp

le 

Solvent IC50 of 

DPPH 

scaven

ging 

assay 

(µg/mL

) 

IC50 of 

ABTS 

scaven

ging 

assay 

(µg/mL

) 

IC50 

of 

reduc

ing 

power 

assay 

(µg/m

L) 

IC50 of 

free 

radical 

scaven

ging 

assay 

(µg/mL

) 

L. 

speci

osa 

Hexane 32.40 ± 

0.86x 

42.16 ± 

1.18x 

56.12 

± 

1.64x 

26.02 ± 

0.44x 

Chlorof

orm 

29.08 ± 

0.64x 

39.04 ± 

0.86x 

44.06 

± 

1.04x 

24.18 ± 

0.76x 

Ethyl 

acetate 

26.58 ± 

1.04x 

37.58 ± 

0.66x 

40.50 

± 

0.92x 

22.30 ± 

0.28y 

Methan

ol 

18.26 ± 

0.74z 

24.36 ± 

0.44 

21.36 

± 0.64 

17.55 ± 

0.14 

Aqueou

s 

23.18 ± 

0.82y 

28.04 ± 

0.72z 

32.56 

± 

0.38x 

19.68 ± 

0.53z 

Ascorbi

c acid 

(standar

d) 

16.48 ± 

0.58 

22.64 ± 

0.78 

18.48 

± 0.36 

15.26 ± 

0.24 

Results are expressed as mean ± SD (n=3); xp < 

0.001, yp < 0.01, and zp < 0.05 compared to 

standard, respectively (One-way ANOVA followed 

by Bonferroni’s test).  

4.3. Assessment of in-vitro anti-inflammatory 

activity 

The protein denaturation assay and heat induced 

hemolytic inhibitory assay were evaluated to 

examine the anti-inflammatory activity of 

successive extracts of L. speciosa (Figure 2). In the 

protein denaturation assay, at the concentrations of 

50, 100, 200, 300, and 400 µg/mL, MELS displayed 

percentage inhibition from 50.45 ± 0.20% to 63.68 

± 0.45%, AQLS exhibited from 39.87 ± 0.70% to 

55.40 ± 0.20%, EALS varied from 34.92 ± 0.42% 

to 54.86 ± 0.36%, CHLS showed from 38.22 ± 
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0.11% to 48.35 ± 0.14%, and HELS varied from 

36.05 ± 0.11% to 45.13 ± 0.13%, respectively. 

Whereas, the positive control, diclofenac exhibited 

percentage inhibition from 60.82 ± 0.23% to 73.30 

± 0.16%, respectively (Figure 2a). Similarly, in 

hemolytic inhibition assay, MELS showed 

inhibition from 47.32 ± 0.33% to 73.86 ± 0.20%. 

AQLS ranged from 31.85 ± 0.32% to 56.52 ± 

0.36%, EALS displayed from 31.00 ± 0.38% to 

51.67 ± 0.21%, CHLS showed from 24.63 ± 0.43% 

to 42.51 ± 0.10%, and HELS varied from 36.75 ± 

0.24% to 54.77 ± 0.07%, respectively. However, 

diclofenac exhibited percentage inhibition from 

61.82 ± 0.41% to 81.79 ± 0.33%, respectively 

(Figure 2b). The IC50 values for the extracts in 

antioxidant assays are presented in Table 4. 

 

Figure 2. A schematic representation of the 

antioxidant activities of the successive extracts of L. 

speciosa. (a) and (b) represent the dose-dependent 

protein denaturation and hemolytic inhibition 

assays of the different extracts of L. speciosa. 

Values are expressed as Mean ± SD (n = 3). 

Diclofenac was used as the reference standard. 

HELS: hexane extract of L. speciosa, CHLS: 

chloroform extract of L. speciosa, EALS: ethyl 

acetate extract of L. speciosa, MELS: methanol 

extract of L. speciosa, AQLS: aqueous extract of L. 

speciosa. 

 

 

Table 4. IC50 values of different extracts for in vitro 

anti-inflammatory assays. 

Test 

sample 

Solvent IC50 of BSA 

inhibitory assay 

(µg/mL) 

IC50 of hemolytic 

inhibitory assay 

(µg/mL) 

L. 

speciosa 

Hexane 42.40 ± 0.64x 52.18 ± 1.48x 

Chloroform 36.22 ± 0.52x 44.36 ± 1.26x 

Ethyl 

acetate 

32.8 ± 1.24x 42.80 ± 1.04x 

Methanol 23.60 ± 0.34z 34.36 ± 0.88y 

Aqueous 28.48 ± 1.02x 39.54 ± 1.52x 

Diclofenac 

(standard) 

19.48 ± 0.58 26.64 ± 0.78 

Results are expressed as mean ± SD (n=3); xp < 

0.001, yp < 0.01, and zp < 0.05 compared to 

standard, respectively (One-way ANOVA followed 

by Bonferroni’s test).  

4.4. Assessment of in-vitro cholinesterase 

inhibitory activity 

On contrary to anti-oxidant and anti-inflammatory 

activity, the successive extracts of L. speciosa were 

also investigated for cholinesterase inhibitory 

activity (Figure 3). In the acetylcholinesterase 

inhibitory activity, MELS at the concentrations 

(6.25-200 µg/mL) showed percentage inhibition 

from 41.53 ± 0.67% to 63.42 ± 0.65%, AQLS 

displayed from 28.58 ± 0.54% to 40.38 ± 0.47%, 

EALS showed from 35.12 ± 0.56% to 50.53 ± 

0.53%, CHLS varied from 33.38 ± 0.61% to 38.36 

± 0.65%, and HELS displayed from 23.34 ± 0.43% 

to 34.53 ± 0.69%, respectively. Whereas, the 

reference standard, donepezil showed percentage 

inhibition from 47.46 ± 0.50% to 68.10 ± 0.60%, 

respectively (Figure 3a). Similarly, in 

butyrylcholinesterase inhibitory activity, at the 

same concentrations, the percentage inhibition of 

the extracts and donepezil are represented in Figure 

3b. The IC50 values for the extracts in cholinesterase 

inhibition assays are presented in Table 5. 

http://www.jchr.org/
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Figure 3. An illustration of the anti-cholinesterase 

activities of the successive extracts of L. speciosa. 

(a) and (b) represent the dose-dependent inhibition 

of AChE and BuChE of the different extracts of L. 

speciosa. Values are expressed as Mean ± SD (n = 

3). Donepezil was used as the reference standard. 

HELS: hexane extract of L. speciosa, CHLS: 

chloroform extract of L. speciosa, EALS: ethyl 

acetate extract of L. speciosa, MELS: methanol 

extract of L. speciosa, AQLS: aqueous extract of L. 

speciosa, DPZ: donepezil. 

Table 5. IC50 values of different extracts for in vitro 

cholinesterase assays. 

 

Results are expressed as mean ± SD (n=3); xp < 

0.001 compared to standard, respectively (One-way 

ANOVA followed by Bonferroni’s test). AChE: 

acetylcholinesterase, BuChE: 

butyrylcholinesterase.  

5. Discussion 

Biotechnological production and the development 

of novel extraction techniques to obtain 

phytoconstituents are favoured by the steadily 

increasing demand for plant-derived therapeutic 

molecules obtained in an environmentally 

responsible and sustainable manner [31]. 

Throughout the history of pharmaceuticals, 

nutraceuticals, and cosmeceuticals, 

phytoconstituents have a strong place. Although 

they are centuries old, herbal treatments in 

Ayurveda, homeopathy, traditional Chinese 

medicine, and other traditional medical systems 

have greatly enlightened us about plant-based cures. 

These herbal remedies have been validated by 

science and are now considered legitimate 

therapies. The bioactive substances derived from 

plants are now an essential component of drug, 

nutraceutical, and cosmetic research [32]. In this 

study, methanol and aqueous extracts contained a 

significant amount of total phenolic and flavonoid 

content compared to other extracts (Table 2). It has 

been observed that phenolic components and plant 

flavonoids have been found to influence effective 

anti-inflammatory actions [27]. Similarly, 

chloroform and methanol extract contained 

maximum amount of tannin and proanthocyanidin 

content (Table 2). According to previous reports, 

tannins from different plant sources are responsible 

for their anti-oxidant property [33, 34]. 

In this study, it was revealed from the anti-oxidant 

studies that methanol extract of the plant species 

exhibited the highest percentage inhibition on 

comparison to the other extracts and can be 

represented in the order: methanol>aqueous>ethyl 

acetate>chloroform>hexane. In addition to, IC50 

value of methanol extract was found to be most 

potent on comparison to other extracts (Table 3). 

These findings showed that the compounds in the 

methanol extract can give a free radical hydrogen, 

which removes an odd electron and raises concerns 

about the radical's sensitivity. High phenolic 

content compounds were found to be typically 

associated with high radical scavenging activity 

Test 

sample 

Solvent IC50 of AChE 

inhibitory assay 

(µg/mL) 

IC50 of BuChE 

inhibitory assay 

(µg/mL) 

L. 

speciosa 

Hexane 70.68 ± 2.04x 152.06 ± 2.88x 

Chloroform 86.52 ± 1.57x 114.36 ± 2.60x 

Ethyl 

acetate 

68.44 ± 1.74x 108.94 ± 2.16x 

Methanol 36.02 ± 0.62x 64.58 ± 1.48x 

Aqueous 88.18 ± 2.08x 126.37 ± 2.58x 

Donepezil 

(standard) 

7.48 ± 0.27 46.40 ± 1.66 
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[35]. From the study, methanol extract contained a 

notable phenolic content. Thus, it might be the 

cause of the highest percentage of antioxidant 

activity shown by methanol extract. Consequently, 

methanol extract of plant species may be a possible 

source of antioxidants.  

One major factor contributing to protein 

denaturation is inflammation. Inflammatory 

diseases may benefit from the use of protein 

denaturing agents [36]. In the current investigation, 

anti-inflammatory properties of L. speciosa showed 

that they were dose-related. In comparison to the 

other extracts, this study found that the methanol 

extract of the plant species demonstrated greater 

protein denaturation inhibition at all concentrations. 

In contrast to the other extracts, the protein 

denaturation inhibition of the methanol extract was 

significant (p < 0.05) with regard to the standard, 

diclofenac. Additionally, the results of the 

hemolytic activity test for anti-inflammatory 

activity showed that the methanol extract of the 

plant species had relatively higher inhibitory 

hemolytic activity than other extracts at all 

concentrations (50–400 μg/mL). The percentage 

inhibition shown by different extracts for protein 

denaturation and hemolytic inhibition assay can be 

represented as: methanol>aqueous>ethyl 

acetate>chloroform>hexane. The IC50 values of 

methanol extract for the hemolytic inhibition 

activity assay and the BSA denaturation assay were 

found to be 34.36 ± 0.88 and 23.60 ± 0.34, 

respectively, in contrast to diclofenac's values of 

26.64 ± 0.78 and 19.48 ± 0.58. This implies that the 

methanol extract of the plant species exhibits highly 

convincing anti-inflammatory activity with 

significant level of p < 0.05, and p < 0.01, 

respectively with regard to the standard. It has been 

observed that phenolic compounds and flavonoids 

demonstrated potent anti-inflammatory properties 

[37]. As shown in Table 2, methanol extract of the 

plant species is enriched with total phenolic and 

flavonoid contents, which could explain the higher 

inhibition of the extract. Our findings are in 

consistent to the study reported by Nur et al. [24]. 

However, previous studies have revealed the 

interlinkage of anti-oxidant and anti-inflammatory 

activities with cholinesterase inhibition activity [38, 

39]. Therefore, to justify the linkage, cholinesterase 

inhibition assay was also investigated for the 

successive extracts. Interestingly, the result 

revealed that the methanol extract exhibited the 

highest percentage inhibition followed by aqueous 

and ethyl acetate extracts for both 

acetylcholinesterase and butyrylcholinesterase 

inhibition assays. It is well known that flavonoids 

have neuroprotective qualities that enhance 

cognitive performance and provide defense against 

memory loss brought on by ageing [40]. The 

immune resident cells of the brain, known as 

microglia cells, become overactivated in 

pathological conditions and release a range of pro-

inflammatory mediators, including nitric oxide. 

This ultimately results in a number of CNS 

neurodegenerative diseases, such as Parkinson's and 

Alzheimer's disease [9]. The methanol extract from 

L. speciosa was examined for antioxidant activity in 

the current study and demonstrated strong 

scavenging activity of reactive oxygen species. This 

prompted a follow-up assay to observe its inhibitory 

effects on AChE and BuChE. The IC50 values of the 

extract were found to be 36.02 ± 0.62 and 64.58 ± 

1.48 µg/mL, respectively (Table 5).  

6. Conclusions 

This study has found that the extracts of L. speciosa 

possessed anti-oxidant, anti-inflammatory, and 

anti-cholinesterase activities. The methanol extract, 

in particular, had better pharmacological properties 

in comparison to the other extracts. The higher 

amount of phytochemicals in the extract has 

prompted for further investigations. In conclusion, 

it is necessary to conduct additional research of the 

extract in order to determine the active ingredients 

and evaluate safety and bioavailability using in vivo 

animal models. 

http://www.jchr.org/
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