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ABSTRACT  

Lannea egregia, a plant species with a rich ethnobotanical history, has garnered 

significant interest due to its diverse array of bioactive components. This study 

investigated the pharmacological potential of bioactive components derived from L. 

egregia shoot extracts. The ethanol extract of L. egregia shoot (EELES) was studied for 

secondary metabolites using high-performance liquid chromatography (HPLC). 

Subsequently, the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity of 

EELES was determined. The cytotoxicity of the extract was evaluated through the brine 

shrimp lethality assay (BSLA). Bioactive compounds such as atropine, brucine, 

naringenin, caffeine, quercetin, maleic acid, saponin, glutathione and coumaric acid were 

detected in the ethanol extract through the HPLC analysis. The most abundant of EELES 

components is maleic acid (70.45 ppm), while the least abundant is atropine (3.05 ppm). 

Like the vitamin C C (58.06 ± 0.03 μg/mL), the EELES exhibited a noteworthy DPPH radical 

scavenging activity at a median inhibitory concentration (IC50) of 69.03 ± 0.03 μg/mL. 

Moreover, both EELES and methotrexate showed considerable cytotoxic activity on 

nauplii at IC50 of 30.08 ± 0.53 μg/mL and 0.93 ± 0.04 μg/mL, respectively. The study 

concluded that ethanol extract from L. egregia shoots contains various bioactive 

components with pharmacological relevance and exhibits antioxidant and cytotoxic 

properties, making them a promising source of new cancer drugs. 
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INTRODUCTION 

The exploration of natural products for therapeutic 

applications has garnered significant attention in recent 

years, owing to their diverse bioactive components and 

relatively lower toxicity than synthetic drugs. L. egregia, a 

member of the Anacardiaceae family, is a plant traditionally 

used in African ethnomedicine to treat various ailments, 

 

 
including inflammation, infections, and gastrointestinal 

disorders. Previous studies have reported the presence of 

numerous bioactive compounds in various parts of L. 

egregia, such as phenolic compounds, flavonoids, alkaloids, 

saponins, terpenoids, tannins, and anthraquinones, which 

support its traditional medicinal use (Rafiu et al., 2019). 

These compounds are crucial for their antioxidant, anti-

inflammatory, and antimicrobial activities (Idowu et al., 

2020; Ogundajo et al., 2021). However, there remains a 

paucity of detailed studies specifically focused on the 
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bioactive components and pharmacological potential of L. 

egregia's shoots. 

      Using a low-toxic solvent for extraction is a widely used 

method in preparing medicinal plants to treat diseases. 

Moreover, low-toxic solvents are frequently used in 

phytochemical studies because they efficiently extract polar 

and non-polar compounds (Nilamsari et al., 2023). This 

study focused on the ethanol extract of L. egregia shoots 

(EELES), aiming to identify its bioactive components and 

evaluate its pharmacological potential, particularly its 

antioxidant and cytotoxic activities.  

      Antioxidant activity is crucial because oxidative stress, 

caused by an imbalance between free radicals and 

antioxidants in the body, is associated with the 

pathogenesis of numerous chronic diseases, including 

cancer, cardiovascular diseases, and neurodegenerative 

disorders (Lee et al., 2020). Compounds with potent 

antioxidant properties can neutralise free radicals, thereby 

preventing cellular damage and disease progression.       

      Moreover, the cytotoxic potential of natural products is 

of great interest, particularly for cancer therapy. Natural 

compounds have been a prolific source of anticancer agents, 

and many plant-derived substances are currently used in 

clinical oncology. The brine shrimp lethality assay (BSLA) is 

a simple, rapid, and cost-effective method for preliminary 

screening of cytotoxic activity, providing an initial 

indication of the potential of extracts and compounds to act 

as anticancer agents (Atanasov et al., 2021; Newman & 

Cragg, 2020). This study investigated the bioactive 

components and pharmacological potential of the ethanol 

extract of L. egregia shoots. Specifically, the study assessed 

the antioxidant and cytotoxic properties to determine its 

promise as a source of novel therapeutic agents.  

MATERIALS AND METHODS 

Collection and authentication of L. egregia shoot 

Fresh shoots (immature stems consisting of leaves) of L. 

egregia were obtained from a forest in Olokemeji in Oyo 

State, Nigeria, in April. A sample of the plant material was 

deposited in the herbarium of the Forestry Research 

Institute of Nigeria, Ibadan, within 24 h and authenticated 

by a botanist. 

 

Preparation of ethanol extract L. egregia shoot 

The remaining portion of the shoots of L. egregia were 

washed with tap water and air dried at room temperature in 

the Biochemistry laboratory of Lagos State University of 

Science and Technology, Ikorodu, Nigeria. The dried shoots 

of L. egregia material were then ground to a fine powder. The 

extraction was performed by maceration, as described 

below. A measure of 100 g of the ground sample was 

weighed and extracted in a beaker containing 400 mL of 80% 

ethanol. After 72 h, the mixture was clarified using a muslin 

cloth and filter paper. The filtrate obtained was then 

concentrated by evaporating its liquid components at 45 °C 

in a water bath under controlled temperature conditions. 

The concentrated ethanol extract was stored in the 

refrigerator until use for further evaluation. The percentage 

yield of L. egregia shoot extract was calculated using the 

formula below: 

 

% Yield =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑒𝑑 𝑒𝑥𝑡𝑟𝑎𝑐𝑡

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑒𝑑 𝑝𝑙𝑎𝑛𝑡 𝑠𝑎𝑚𝑝𝑙𝑒
𝑋 100 

   
Phytochemical screening of ethanol extract of L. 

egregia shoot 

The ethanol extract of shoots of L. egregia was qualitatively 

assayed for secondary metabolites such as saponins, 

tannins, flavonoids, glycosides, cardiac glycosides, and 

alkaloids using standard methods described by (Ashraf et al., 

2013).  

 

HPLC analysis of ethanol extract of L. egregia shoot 

Sample preparation  

The ethanol extract of shoots from L. egregia weighing 1 mg 

was measured and mixed with 1 mL of HPLC-grade 

methanol. The resulting L. egregia shoot-methanol mixture 

was vortexed for 30 seconds to ensure homogeneity. Then, 

4 mL of HPLC-grade methanol was added to the mixture and 

vigorously shaken for 30 minutes on a shaker. Finally, the 

sample solutions were filtered using a micro-millipore filter 

with a particle size of 0.45 µm to remove the particulate 

matter. The HPLC sample of shoots from L. egregia was 

stored in screw-cap borosilicate glass vials in Preparation 

for the subsequent HPLC analysis. 

 

Sample analysis 

The HPLC analysis of the shoots from L. egregia was carried 

out using an Agilent 1260 Infinity II series consisting of an 

autosampler G7129A (DEAEQ22974) with a 100 µl fixed loop 

and a DAD UV light ionisation energy detector. The 

separation was performed at ambient temperature on a 

column 120 EC-C (18 4 µm x 4.6 mm x150 mm). The mobile 

phase comprised a gradient solution of 0.1 % formic acid 

and 0.2 % formic acid in methanol. The column used was 

ZORBAX ECLIPSE PLUS C18 RP 150mm X 4.6mm, 5um at a 

flow rate of 1.0 ml/min. The detector was set at 210 nm at 

ambient temperature. The filtrates, at a volume of 20 μL, 

were manually injected once for HPLC analysis, and the 

peak areas were recorded and integrated using an enhanced 

ChemStation software integrator. Ferrulic acid, brucine, 

atropine, caffeine, gallic acid, saponin, coumaric acid, 

glutathione, maleic acid and quercetin were used as the 

internal calibration. The structures of the significant 

bioactive components in L. agregia shoots were obtained 

using ChemDraw Ultra-12.0. 

 

Determination of DPPH radical scavenging activity of 

ethanol extract of L. Egregia shoot 

The antioxidant activity of the ethanol extract of L. egregia 

shoots (EELES) was evaluated using the 2,2-Diphenyl-1-

picrylhydrazyl (DPPH) radical scavenging assay, a widely 

used method for measuring the free radical scavenging 

ability of antioxidant compounds. DPPH (0.1 mM) solution 

was prepared by dissolving 3.94 mg of DPPH in 100 mL of 

ethanol and kept in an amber bottle before use. To 
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determine the antioxidant activity of EELES, an aliquot of 1 

mL of the sample concentration (ranging from 10-100 

µg/ml) was mixed with 1 mL of the DPPH solution in test 

tubes. The reaction mixtures were vigorously shaken and 

left in the dark at 27ºC for 30 minutes. The absorbance of 

the resultant solutions was taken at 517 nm using a UV-Vis 

spectrophotometer (Shimadzu, Japan). Ethanol was used as 

a blank, and a solution containing 1 mL of ethanol and 1 mL 

of DPPH solution served as the control. All the reactions 

were done in triplicates. The DPPH radical scavenging 

activity of EELES was calculated in percentage using the 

formula below. The graph of the percentage scavenging of 

DPPH radicals was plotted against the concentrations of the 

test samples. Using linear regression analysis, the IC50 value 

can be defined as the extract concentration required to 

scavenge 50% of the DPPH radicals. 

 

% Scavenging of DPPH radicals =
(Absorbance−Cont)−(Absorbance−Test)

(Absorbance−Cont)
𝑋 100   

Absorbance-cont is the absorbance of the control reaction 

(solution of ethanol and DPPH only) and absorbance-Test is 

the absorbance of the test sample.  

 

Cytotoxicity of ethanol extract of L. Egregia shoot 

The determination of cytotoxic potential ethanol extract of 

L. egregia shoot was conducted using Brine Shrimp Lethality 

Assay (BSLA). 

 

Preparation of test solutions for BSLA 

A measure of 0.2 mg of the ethanol extract of shoots of L. 

egregia was taken, dissolved in 50 μL of pure dimethyl 

sulfoxide (DMSO), and made up to 1 mL with seawater to 

produce a stock solution of 200 μg/mL. Thereafter, the stock 

solution was diluted to 10, 25, 50, 75 and 100 μg/mL. 

 

Hatching of brine shrimp cysts 

Dried Artemia salina leach cysts (brine shrimp eggs) 

collected from pet shops (Everlush) in Ikeja were used as the 

test organism. The protocol of Ogundare et al. (2023) was 

adopted for hatching the brine shrimp eggs (Ogundare et al., 

2023). A sea salt solution (38 g/L) was made in distilled 

water and adjusted to pH 8.5 using 1 M NaOH for the 

culture. The artificial seawater (300 mL) was filtered into a 

small plastic tank, and brine shrimp eggs collected with the 

tip of a capillary tube were added to one side of the tank. 

This side was then covered to prevent direct sunlight. The 

tank containing the brine shrimp eggs was incubated for 24 

h at room temperature (27 to 29 °C). At the same time, a 

constant oxygen supply was maintained throughout the 

incubation using an aerator. The newly hatched brine 

shrimp larvae (nauplii) were attracted to the light from egg 

shells, such that a pipette could collect nauplii free from egg 

shells from the illuminated part of the tank. Actively-

swimming nauplii were selected for the cytotoxicity test. 

Ten actively swimming nauplii were carefully selected using 

a Pasteur pipette and introduced to a test tube containing 5 

mL of MTX or the stock extract solution. The mixture was 

made up to 10 mL with seawater and incubated for 24 h. The 

test tubes were examined using a magnifying glass, and the 

number of nauplii alive in each tube was recorded. The 

experiment was repeated thrice. The percentages of 

mortality of the nauplii in each experiment were estimated 

by counting the number of surviving nauplii in both control 

and test tubes. From the data obtained, the percentage 

mortality at each concentration was calculated as shown in 

the equation below. The mean lethal concentration (LC50) 

representing the concentration of the plant extract required 

to cause 50% mortality of the nauplii under the 

experimental conditions was determined using probit 

analysis of the concentrations against percentage mortality 

through Excel software. 
 

% Lethality =  
(Observed mortality−Control mortality)X 100

(100−Control mortality)
 

  

Statistical analysis 

The mean inhibitory concentration (IC50) of the antioxidant 

activity of EELES against DPPH was determined using linear 

regression analysis obtained through Microsoft Excel 16 

packages. The lethal concentration (LC50) of the cytotoxicity 

of the extract against Brine shrimp was determined using 

probit analysis through the IBM SPSS Statistics 23 software. 

The statistical analysis was tested and all graphs were 

plotted using the Turkey post hoc test at (p<0.05) using 

GraphPad Prism 5 software. 

RESULTS  

Bioactive components of ethanol extract of L. egregia 

shoot 

Table 1 presents the percentage extraction yield of the 

ethanol extract of L. egregia shoot (EELES), which was 7.59 

%, along with a qualitative screening for bioactive 

components. Compounds such as tannins, saponins, 

flavonoids, alkaloids, steroids, and terpenoids were 

detected, while cardiac glycosides were not. 

Figure 1 shows the chromatographic profile obtained 

from the HPLC analysis of EELES. Each peak corresponds to 

a compound detected in the extract, with retention times 

indicating when each compound was eluted from the HPLC 

column. 

The lists of bioactive compounds identified by HPLC, 

along with their retention times, concentrations (in ppm), 

and known biological activities from the literature, are 

shown in Table 2 above. Unknown compounds are noted 

where no clear identification or literature reference for their 

biological activities is available. 

The chemical structures of major identified compounds, 

including atropine, brucine, naringenin, caffeine, quercetin, 

saponin, maleic acid, glutathione and coumaric acid are 

shown in Figure 2. 

The plots the percentage scavenging activity of DPPH 

radicals by various concentrations of EELES and Vitamin C 

are presented in Figure 3. It shows dose-dependent 

antioxidant activity. 
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FIGURE 1: HPLC Analysis Profiles Showing Bioactive Components of L. Egregia Shoot 

 

The plots shown in Figure 4 indicate the concentrations 

required to scavenge 50% of DPPH radicals (IC₅₀ values) for 

EELES (69.03±0.03 μg/mL) compared to Vitamin C 

(58.06±0.03 μg/mL) with a significant value at p<0.05.  

Figure 5 compares the cytotoxic effects of EELES and MTX  

 

on the brine shrimp larvae using the BSLA. EELES 

demonstrated significant cytotoxicity with an IC50 value of 

30.08±0.53 μg/mL, indicating its potential as an anticancer 

agent. For comparison, MTX exhibited an IC50 value of 

0.93±0.04 μg/mL. 

 

 

Table 1. Extraction Yield and the Detected Bioactive Compounds in Ethanol Extract of L. egregia Shoot. 

(+): Compound is detectable; (-): Compound is not detectable. 

Table 2: Reported Biological Activities of Some Extractable Components of L. egregia Shoot. 

Extractable 

Components 

Retention 

time [min] 

Amount [ppm] Reported biological activity Reference 

Atropine 1.747 0.31 antidepressant effect and vasodilation 

properties Acetylcholine inhibitor 

(Edo & Ogheneoruese, 

2022) 

Brucine 1.870 0.84 Antitumor, anti-inflammatory, 

anticancer, and analgesic activities. 

(Lu et al., 2020) 

Naringenin 2.277 4.36x10-3 Cardioprotective, anti-inflammatory, 

antioxidant, anticancer and antiulcer 

(Ravetti et al., 2023) 

Unknown 2.431 <0.01 x10-3 Not reported Not reported 

Unknown 2.687 Not quantified Not reported Not reported 

Unknown 2.811 Not quantified Not reported Not reported 

Unknown 2.849 Not quantified Not reported Not reported 

Caffeine 3.216 30.70 psychoactive  (Cappelletti et al., 

2014) 

Quercetin 3.404 2.20 Antioxidant and anticancer (Khater et al., 2019) 

Evaluated 

Parameters 

Extraction 

Yield [%] 

Tannins Saponins Flavonoids Alkaloids Cardiac 

glycosides 

Steroids Terpenoids 

Presence of L. 

egregia Chemicals 

7.59 + + + + - + + 
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Extractable 

Components 

Retention 

time [min] 

Amount [ppm] Reported biological activity Reference 

Saponin 5.484 5.59 Antioxidants, anticancer, anti-

inflammation, antimicrobial, antiviral, 

and antiparasitic  

(Timilsena et al., 2023)  

Maleic acid 3.701 70.45 Anticancer and antioxidant (Arslan, 2021) 

Unknown 6.155  Not reported Not reported 

Glutathione 6.801 1.07 Antioxidant (Hasanuzzaman et al., 

2017)  

Coumaric acid 7.630 3.08x10-2 Anticancer, antioxidant and 

antimicrobial 

(Aliyazcoglu et al., 

2013; Tehami et al., 

2023) 

 

 

 
 

Atropine Quercetin Naringenin 

 

 

 

Brucine Saponin 

   

 

  

Caffeine Maleic acid Coumaric acid 

 

 

 

Glutathione   

Figure 2. Structures of some of the bioactive components of ethanol extract of L. egregia shoot. 

Table 2. Continue 
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Figure 3. Percentage scavenging of 2,2-Diphenyl-1-    

picrylhydrazyl (DPPH) radical of ethanol extract of L.egregia 

shoot and Vit C. 

Figure 4. Radical scavenging activity of ethanol extract of L. 

egregia shoot.  

Values are mean ± SEM of triplicate analyses. (*) indicates a significant 

value at p<0.05 when compared with Vitamin C using Student's t-test.
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Figure 5. Cytotoxic activity using BSLA of ethanol extract of 

L.egregia shoot and MTX.  

Values are mean ± SEM of triplicate analyses. (*) indicates a significant 

value at p<0.05 when compared with Vitamin C using Student's t-test. 

 

DISCUSSION  

Screening for bioactive compounds is crucial in identifying 

and characterising botanical chemical compounds. The 

extraction yield of 7.59% observed in the study for the ethanol 

extract of L. egregia shoot indicates the effectiveness of 

ethanol in extracting polar and other compounds from the 

plant material. The result is consistent with prior findings on 

ethanol's extraction efficiency (Ashraf et al., 2013; Hajlaoui et 

al., 2022). Moreover, it showcases ethanol's potential in 

extracting bioactive compounds with antioxidant properties. 

This finding aligns with studies on other plant extracts, such 

as the stem of Anthocleista djalonensis, which demonstrated 

cytotoxic potential and antioxidant properties compared to 

the N-hexane and the ethyl acetate extracts (Ogundare et al., 

2017). Similarly, the anti-tumour activity of Lupinus 

angustifolius ethanolic extracts has been reported (Stapel et 

al., 2015). The results of this study highlight the significant 

pharmacological potential of the ethanol extract of L. egregia 

shoots (EELES), characterised by a rich array of bioactive 

compounds. These compounds, including flavonoids, 

saponins, phenolics, alkaloids, and glycosides, were identified 

through phytochemical screening and are well known for 

various pharmacological properties, including antioxidant, 

anti-inflammation, cytotoxicity, anticancer, antidiabetic, 

antimicrobial and pesticidal properties. Furthermore, HPLC 

analysis revealed specific bioactive constituents such as 

atropine, brucine, naringenin, caffeine, quercetin, maleic 

acid, saponin, glutathione, and coumaric acid. The diversity 

and presence of these bioactive components underpin the 

observed pharmacological activities of the extract. The HPLC 

analysis indicated that maleic acid is the most abundant 

compound in the EELES, with a concentration of 70.45 ppm, 

while atropine is the least abundant at 3.05 ppm. The 

prevalence of maleic acid is noteworthy as it participates in 

several biochemical pathways and has been associated with 

various therapeutic effects, including antioxidant and 

anticancer properties (Arslan, 2021; Dilshad et al., 2020). 

Additionally, detecting compounds such as quercetin—a well-

known flavonoid with potent anticancer, antioxidant and 

anti-inflammatory activities, further supports the 

pharmacological potential of EELES (Khater et al., 2019; 

Zhang et al., 2022). The presence of other bioactive 

compounds like naringenin, caffeine, and saponin also 

contributes to the extract's bioactivity profile, given their 

recognised antioxidant, anti-inflammatory, and anticancer 

properties (Al-Dhabi et al., 2015; Arafah et al., 2020). 

      The antioxidant activity of EELES, evaluated using the 

DPPH radical scavenging assay, demonstrated strong radical 

scavenging activity with an IC50 value of 69.03±0.03 μg/mL. 

This significant antioxidant activity suggests that ethanol 

extract of L. egregia shoots has the potential to neutralise free 

radicals, which are implicated in the pathogenesis of various 

chronic diseases, including cancer. Likewise, the ethanolic 

extract of medicinal plants such as Arthrocnemum indicum 

reportedly demonstrated potent antioxidant activity by 

effectively scavenging free radicals (Hajlaoui et al., 2022). The 

antioxidant activity is likely attributable to the high phenolic 
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content, particularly compounds like quercetin and coumaric 

acid, known for donating hydrogen atoms to free radicals, 

thereby stabilising and neutralising them (Ashraf et al., 2013; 

Elansary et al., 2020; Rodrigues et al., 2019). 

      Interestingly, the cytotoxic potential of EELES was 

evaluated using the brine shrimp lethality assay (BSLA), a 

preliminary screening method for assessing the cytotoxicity 

of bioactive compounds. Most importantly, the BSLA is a 

preliminary toxicity screening for future experiments on 

mammalian or animal models (Naher et al., 2019). Scientific 

reports showed that the protocol significantly correlates with 

cytotoxic and antitumor properties (Anderson et al., 1991; 

Ogundare et al., 2020)). In this study, the ethanol extract 

demonstrated significant cytotoxicity with an IC50 value of 

30.08±0.53 μg/mL, indicating its potential as an anticancer 

agent. For comparison, methotrexate, a well-established 

chemotherapeutic agent, exhibited an IC50 value of 0.93±0.04 

μg/mL. Although methotrexate showed superior potency, the 

considerable cytotoxicity of EELES suggests the presence of 

compounds with substantial anticancer activity.  

      Compounds such as quercetin, naringenin, and brucine 

likely contribute to the cytotoxic effects of EELES. Quercetin 

and naringenin have been extensively studied for their 

anticancer properties, including the induction of apoptosis, 

cell proliferation inhibition, and disruption of cell cycle 

progression in various cancer cell lines (Srimathi & 

Vijayalakshmi, 2017; Khater et al., 2019; Zhang et al., 2022). 

Brucine, an alkaloid, has also exhibited cytotoxic effects 

against cancer cells (Lu et al., 2020). The combination effects 

of these bioactive compounds in EELES might exert a 

synergistic effect, enhancing the overall cytotoxicity of the 

extract.  

      Moreover, the observed antioxidant and cytotoxic 

properties of EELES underscore its potential as a source of 

new cancer drugs. Antioxidants are important in protecting 

cells from oxidative stress-induced damage, a common 

feature in cancer development. By neutralising free radicals, 

antioxidants can help prevent DNA damage and subsequent 

initiation of carcinogenesis. Additionally, the cytotoxic 

effects observed in the brine shrimp lethality assay suggest 

that EELES contains compounds capable of triggering cell 

death in cancer cells, making it a suitable candidate for 

further exploration in cancer therapy. 

CONCLUSION 

The ethanol extract of L. egregia shoots contains diverse 

bioactive components with significant pharmacological 

importance. The extract's potent antioxidant and cytotoxic 

properties highlight its potential as a source of new 

anticancer drugs. This study paves the way for further 

research into the therapeutic applications of L. egregia, 

potentially contributing to the development of novel 

treatments for cancer and other oxidative stress-associated 

diseases. 
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