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ABSTRACT 

 
 
 

The increasing prevalence of chronic diseases, antimicrobial resistance, and adverse effects 
associated with synthetic drugs has intensified the global search for safer and more effective 
bioactive compounds from medicinal plants. Streblus sp., locally known as “Makataynuk,” is a 
medicinal plant with limited scientific information regarding its phytochemical composition and 
cytotoxic properties. This study evaluated the phytochemical constituents and cytotoxic activity 
of the leaf extracts of Streblus sp. using the Brine Shrimp Lethality Assay with Artemia salina 
nauplii. Fresh leaves were collected, air-dried, pulverized, and subjected to methanolic, aqueous, 
ethyl acetate, and hexane extraction procedures. Phytochemical screening was conducted to 
determine the presence of secondary metabolites, and cytotoxic activity was assessed by 
evaluating mortality responses across varying extract concentrations, including positive and 
negative controls. The median lethal concentration (LC₅₀) was determined using probit regression 
analysis. Results revealed the presence of flavonoids, phenolics, saponins, tannins, alkaloids, 
steroids, and terpenoids in the extracts. A concentration-dependent increase in mortality was 
observed across all treatments. The positive control (DMSO) exhibited very high mortality, 
whereas the negative control (artificial seawater) showed no mortality, validating the assay 
conditions. Among the solvent extracts, the methanolic extract exhibited the highest cytotoxic 
activity with the lowest LC₅₀ value of 25.11 µg/mL, followed by ethyl acetate (104.72 µg/mL), 
aqueous (312.45 µg/mL), and hexane extracts (447.83 µg/mL). One-way ANOVA revealed 
significant differences in mortality rates among concentration levels and controls (p < 0.0001), 
which was further confirmed through Tukey HSD analysis and graphical grouping comparisons. 
The findings indicate that Streblus sp. contains biologically active secondary metabolites with 
significant cytotoxic potential, particularly in the methanolic extract, suggesting its potential as a 
source of pharmacologically important compounds for future pharmacological and toxicological 
investigations. 
 
Keywords: Artemia salina, brine shrimp lethality assay, cytotoxic activity, Makataynuk, 

phytochemical evaluation. 
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INTRODUCTION 

 

 

Background of the study 

 

The increasing prevalence of chronic diseases, antimicrobial resistance, and 

adverse effects associated with synthetic drugs has become a major global public health 

concern. Diseases such as cancer, diabetes, cardiovascular disorders, and infectious 

diseases continue to cause significant morbidity and mortality worldwide despite 

advances in modern medicine. In addition, the overuse and misuse of synthetic drugs 

have contributed to the rapid emergence of antimicrobial-resistant microorganisms, 

reducing the effectiveness of commonly used treatments. These global health challenges 

have intensified the search for safer, more effective, and naturally derived therapeutic 

alternatives (Ekor, 2021; Altemimi et al., 2020) 

Medicinal plants have consistently played a significant role in the discovery and 

development of therapeutic agents due to their diverse pharmacological properties and 

naturally occurring bioactive compounds. Since ancient times, plants have been used in 

traditional medicine to treat various diseases and health conditions. In recent years, 

scientific interest in medicinal plants has increased due to the rising incidence of chronic 

diseases, antimicrobial resistance, adverse effects of synthetic drugs, and the demand for 

safer, more affordable alternative medicines (Khan et al., 2022; Kavya et al., 2024). 

According to the World Health Organization, a large percentage of the global population 
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still depends on herbal medicine for primary healthcare, especially in developing 

countries where medicinal plants remain accessible and culturally accepted. 

The medicinal value of plants is primarily attributed to phytochemicals or secondary 

metabolites that are naturally synthesized during plant metabolism. These compounds 

function as defense mechanisms against environmental stress, pathogens, and herbivores 

while also contributing to plants' biological activities. This concept is supported by the 

Plant Secondary Metabolite Concept, which explains that secondary metabolites are not 

only essential for plant survival but also serve as bioactive compounds with 

pharmacological potential in humans (Mahamat Ousman et al., 2025). Common 

phytochemicals include flavonoids, alkaloids, tannins, saponins, steroids, glycosides, 

terpenoids, and phenolic compounds, many of which possess antimicrobial, antioxidant, 

anti-inflammatory, anticancer, antidiabetic, and cytotoxic activities (Do et al., 2020; 

Salmerón-Manzano et al., 2020). 

Among the various phytochemicals, flavonoids and phenolic compounds are 

widely recognized for their antioxidant and cytotoxic properties, owing to their ability to 

neutralize free radicals and mitigate oxidative stress in cells. This mechanism is 

explained by the Oxidative Stress Concept, which posits that excessive production of free 

radicals causes cellular damage and contributes to the development of chronic diseases, 

including cancer and degenerative disorders (Ramakrishna et al., 2021; Liguori et al., 

2020). Alkaloids are also known for their diverse pharmacological activities, including 

antimicrobial, analgesic, and cytotoxic effects (Ramos et al., 2022), while tannins possess 

protein-binding properties associated with antimicrobial and enzyme inhibitory functions 

(Khan et al., 2022). Saponins have likewise attracted scientific interest for their 
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membrane-disrupting properties and their ability to induce cell death in abnormal cells 

(Osbourn et al., 2011). These biological activities demonstrate the importance of 

identifying phytochemical constituents in medicinal plants as potential sources of 

therapeutic compounds. 

Cytotoxicity screening is an important step in evaluating the biological activity 

and safety of medicinal plant extracts. Cytotoxicity refers to the ability of certain 

substances to inhibit or destroy living cells, which may indicate the presence of 

biologically active compounds with potential pharmacological applications, particularly 

in anticancer drug discovery (Singh & Sharma, 2024). This study is also anchored in the 

Dose–Response Concept, which holds that biological responses vary with the 

concentration of a substance, with higher concentrations often producing stronger 

biological effects. Several studies have demonstrated that plant extracts exhibiting 

cytotoxic effects may contain compounds with significant medicinal value, making 

preliminary toxicity screening an important component of natural product research 

(Abdullahi et al., 2021; Apu et al., 2022). 

​ One of the most commonly used methods for preliminary cytotoxicity evaluation 

is the Brine Shrimp Lethality Assay (BSLT) using Artemia salina nauplii. The assay is 

widely accepted because it is simple, rapid, economical, and reliable for detecting 

biologically active compounds from natural products (Meyer et al., 1982). In this assay, 

Artemia salina larvae are exposed to different concentrations of plant extracts, and 

mortality rates are used to determine toxicity through the median lethal concentration 

(LC₅₀). Previous studies have reported that the Brine Shrimp Lethality Assay shows 

strong correlation with various biological activities, including cytotoxic, pesticidal, 
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antimicrobial, and pharmacological effects (Hamidi et al., 2020; Ahmed et al., 2021). 

Because of its efficiency and cost-effectiveness, BSLT is frequently used as a preliminary 

screening tool before conducting more advanced pharmacological investigations. 

The effectiveness of phytochemical extraction is influenced by the solvent used. 

Solvent polarity affects the quantity and type of bioactive compounds extracted from 

plant materials. This is explained by the Solubility (“Like Dissolves Like”) Principle, 

which states that polar solvents dissolve polar compounds while nonpolar solvents 

dissolve nonpolar compounds (Mekonnen et al., 2022). Polar solvents such as methanol 

and water are more effective in extracting phenolic compounds, flavonoids, tannins, and 

glycosides, whereas nonpolar solvents such as hexane are more suitable for extracting 

lipophilic compounds such as certain steroids and terpenoids (Do et al., 2020; Sultana et 

al., 2023). Previous studies have shown that methanolic extracts often exhibit stronger 

biological activity because methanol can dissolve a broader range of phytochemicals 

compared with less polar solvents (Azwanida, 2022). Comparative solvent extraction, 

therefore, provides valuable information regarding the phytochemical composition and 

cytotoxic activity of medicinal plant extracts. 

The Philippines is recognized as one of the world's biodiversity hotspots and is 

home to a wide variety of medicinal plants traditionally used by local communities. 

However, many indigenous and locally known plants remain scientifically underexplored 

despite their possible therapeutic value. One such plant is Streblus sp., locally known as 

“Makataynuk," for which there is limited scientific literature on its phytochemical 

constituents and cytotoxic properties. Existing studies involving Streblus species mainly 

focus on antimicrobial and antioxidant activities, while limited information is available 
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regarding their cytotoxic potential and bioactive compounds (Nguta et al., 2021). This 

lack of scientific evidence highlights the need for further investigation to validate its 

medicinal potential through phytochemical and cytotoxicity studies. 

Therefore, this study aims to evaluate the phytochemical composition and cytotoxic 

activity of Makataynuk (Streblus sp.) leaf extracts using the Brine Shrimp Lethality 

Assay. Specifically, it seeks to identify the secondary metabolites present in the extracts 

and to determine their cytotoxic effects on Artemia salina nauplii via LC₅₀ analysis. The 

findings of this study may contribute to the growing body of scientific knowledge on 

medicinal plants and provide preliminary evidence supporting the pharmacological 

potential of Streblus sp. as a source of biologically active compounds. 

 

Conceptual Framework 

The conceptual framework (Figure 1) of this study outlines the systematic 

pathway for evaluating the phytochemical composition and cytotoxic activity of 

Makataynuk (Streblus sp.) leaf extracts. It is anchored on the integration of the Plant 

Secondary Metabolite Concept, the Solubility (“Like Dissolves Like”) Principle, the 

Dose–Response Concept, and the Bioassay-Guided Screening Concept, which 

collectively explain how plant-derived compounds are extracted, identified, and 

evaluated for biological activity. 

The framework begins with the collection, authentication, and preparation of plant 

materials, ensuring accurate identification and sample quality. The leaves are then 

subjected to standardized extraction procedures using solvents of varying polarity 

(methanol, aqueous, ethyl acetate, and hexane). This step is guided by the Solubility 

5 
 
 



Principle, which states that solvent polarity determines the type and efficiency of 

phytochemical extraction, enabling the isolation of both polar and nonpolar secondary 

metabolites. 

Figure 1. Conceptual Framework of the Study 

The extracted crude samples are then analyzed by phytochemical screening, 

which identifies key secondary metabolites such as flavonoids, alkaloids, tannins, 

saponins, steroids, terpenoids, and phenolic compounds. These compounds are 

considered biologically active constituents that contribute to potential therapeutic and 

toxicological effects, as explained by the Plant Secondary Metabolite Theory. 

Following phytochemical identification, the extracts undergo cytotoxicity testing 

using the Brine Shrimp Lethality Assay (BSLT) involving Artemia salina nauplii. This 

assay serves as a preliminary bioassay model within the Bioassay-Guided Screening 

Concept, in which simple biological systems are used to detect potential 

pharmacologically active compounds. Mortality responses are recorded at varying extract 

concentrations to assess toxicity. 
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The resulting data are then subjected to statistical analysis, particularly LC₅₀ 

determination using probit regression, along with comparative tests such as ANOVA and 

post hoc analysis. This phase is supported by the Dose–Response Theory, which posits 

that biological effects vary with the concentration of bioactive compounds. 

Overall, the framework demonstrates a logical progression from plant material 

acquisition → solvent-based extraction → phytochemical identification → bioassay 

testing → statistical toxicity evaluation, establishing the relationship between 

phytochemical content and cytotoxic activity. This systematic approach enables 

assessment of the pharmacological potential of Makataynuk (Streblus sp.) as a source of 

bioactive compounds. 

 

Objectives of the study 

           This study aimed to evaluate the phytochemical composition and cytotoxic activity 

of Makataynuk (Streblus sp.) leaf extracts using the Brine Shrimp Lethality Assay 

(BSLT). Specifically, it sought to: 

1.​ Identify the secondary metabolites present in the different solvent extracts of 

Makataynuk (Streblus sp.) leaves; 

2.​ Analyze the dose–response relationship of the different solvent extracts based on 

the mortality rate of test organisms; 

3.​ Determine the cytotoxic activity of the plant extracts using Artemia salina nauplii 

through the Brine Shrimp Lethality Assay; and 

4.​ Compute the median lethal concentration (LC₅₀) of each extract using probit 

analysis. 
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Significance of the study 

This study contributes to the growing body of knowledge on medicinal plants as 

potential sources of bioactive compounds with pharmacological importance. The findings 

may provide baseline information on the phytochemical composition and cytotoxic 

activity of Makataynuk (Streblus sp.), which can be useful for future pharmacological, 

toxicological, and natural product research. For researchers and students, this study 

serves as a reference for understanding phytochemical screening, solvent extraction, and 

cytotoxicity testing using the Brine Shrimp Lethality Assay involving Artemia salina. In 

the field of pharmaceutical and biomedical sciences, the results may provide preliminary 

evidence for the potential development of plant-derived compounds for therapeutic 

applications, particularly regarding cytotoxic or anticancer activities. For local 

communities, the study helps validate the scientific use of traditionally used medicinal 

plants, promoting awareness of their potential health benefits and encouraging 

evidence-based use. In addition, academic institutions may benefit from this research as it 

strengthens laboratory-based learning and supports the integration of natural product 

studies in biology and medical technology curricula. Lastly, by highlighting the potential 

value of indigenous plant species, this study emphasizes the importance of biodiversity 

conservation as a source of future medicinal resources. 

 

Scope and Delimitations 
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This study focused on the phytochemical screening and cytotoxic evaluation of 

Makataynuk (Streblus sp.) leaf extracts using the Brine Shrimp Lethality Assay (BSLT). 

The scope of the study included the collection and authentication of plant samples, the 

preparation of crude extracts using methanol, water, ethyl acetate, and hexane, and the 

qualitative identification of secondary metabolites such as flavonoids, alkaloids, tannins, 

saponins, steroids, terpenoids, and phenolic compounds. It also covered the assessment of 

cytotoxic activity using Artemia salina nauplii, the determination of LC₅₀ values, and the 

analysis of dose–response relationships using statistical methods. However, the study was 

limited to in vitro experimentation. It did not include in vivo testing, clinical trials, or 

molecular-level investigations such as gene expression analysis or isolation and structural 

characterization of individual bioactive compounds. Furthermore, only the leaves of 

Streblus sp. were used in the study, and other plant parts, such as roots, stems, and bark, 

were not included in the analysis. The study was also limited to preliminary toxicity 

screening and did not extend to pharmacological validation or drug development. 
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MATERIALS AND METHODS 

 

 

Research Design 

This study employed an experimental quantitative research design to evaluate the 

phytochemical composition and cytotoxic activity of Makataynuk (Streblus sp.) leaf 

extracts (Creswell & Creswell, 2021). The methodology involved controlled laboratory 

experiments to determine the presence of bioactive compounds through qualitative 

phytochemical screening and to assess cytotoxic potential using the Brine Shrimp 

Lethality Assay (BSLA). Data were collected, statistically analyzed, and interpreted to 

establish the relationship between phytochemical composition and cytotoxic activity. 

 

Research Setting 

This study was conducted in two main laboratory settings to ensure proper 

execution of all experimental procedures. The extraction and preparation of plant 

samples, and the Brine Shrimp Lethality Assay (BSLA) using Artemia salina nauplii, 

were carried out at the Natural Sciences Laboratory of Misamis University, which 

provided controlled environmental conditions suitable for laboratory experimentation and 

bioassay procedures. 

Meanwhile, the qualitative phytochemical screening of the plant extracts was 

performed at the Department of Chemistry, Mindanao State University–Iligan Institute of 
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Technology (MSU-IIT), under the supervision of a licensed chemist. This setting 

provided the necessary facilities and expertise for standardized phytochemical analysis. 

All procedures were conducted in accordance with institutional laboratory safety 

protocols and research guidelines to ensure accuracy, reliability, and safety throughout the 

study. The location of the plant collection site is shown in Figure 2. The geographic map 

identifies Lake Duminagat in Don Victoriano, Misamis Occidental, where the  

Makataynuk (Streblus sp.) sample was collected. 

 

Figure 2. Geographic Map of Lake Duminagat Indicating the Collection Sites of 
Plant 
                Samples   
 

Plant Collection and Authentication 

​ The collection of plant samples was conducted in accordance with the regulations 

of the Mt. Malindang Range Natural Park Protected Area Management Board (PAMB). 

Prior to sample collection, approval was obtained through PAMB Resolution No. 15, 
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which authorized the conduct of the research study within the protected area and required 

the researchers to comply with the necessary permitting requirements, including the 

application for a Gratuitous Permit (GP) from the Department of Environment and 

Natural Resources (DENR). The plant samples were collected with the assistance of local 

farmers and community members in Don Victoriano, Misamis Occidental. As shown in 

Figure 3, the plant was identified as Makataynuk (Streblus sp.) based on its 

morphological characteristics. The collection process was documented through 

morphological descriptions and photographs (Cook & Lee, 2021; Mahamat Ousman et 

al., 2025). 

Figure 3. Morphological Features of the Makataynuk Tree 

 
Preparation of Plant Extracts 

The gathered Makataynuk plant materials were air-dried at ambient temperature 

for about two weeks. As shown in Figure 4, the dried Makataynuk leaves were pulverized 

by blending to obtain fine-powdered samples for extraction. The resulting powder was 

soaked in absolute methanol at a 1:5 (g: mL) ratio for 72 hours in the dark to prevent 

compound degradation. The methanolic extract was filtered using Whatman No. 1 filter 

paper, concentrated via rotary evaporation at 35 °C, and subsequently freeze-dried. As 

shown in Figure 5, the filtration process was performed to separate the liquid extract from 

the plant residues. 

For the aqueous extraction, the plant powder was boiled with distilled water at a 

1:2 ratio for 20 minutes, then filtered and freeze-dried. Solvent partitioning was carried 

out using a separating funnel containing equal volumes (100 mL each) of the aqueous 

extract and hexane. The lower aqueous layer is re-extracted with ethyl acetate until the 
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separation is complete, as shown in Figure 6. Each of these fractions was concentrated 

and freeze-dried. 

A stock solution of 1 mg/mL was created by dissolving 40 mg of each extract in 

40 mL of distilled water, followed by serial dilution for later bioassays (Kavya et al., 

2024; Sultana et al., 2023). 

Figure 4. Pulverization of Dried Makataynuk Leaves Through Blending 
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Figure 5.  Filtration Process of the Soaked Makataynuk Leaf Extract 

 

Figure 6. Solvent Partitioning and Extraction of Makataynuk Leaf Extracts. 

 

Phytochemical Testing 

Qualitative phytochemical screening was conducted by a licensed chemist from 

the MSU-IIT Department of Chemistry using standardized analytical procedures and a 

modified protocol based on Claustra et al. (2005). The modifications employed in the 

procedure included the use of semi-quantitative intensity scoring to classify the level of 
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phytochemical detection as low (+), moderate (++), and high (+++), as well as slight 

adjustments in reagent volume and extract concentration to suit the available laboratory 

conditions and crude plant extracts used in the study. The analysis aimed to detect 

secondary metabolites, including alkaloids, flavonoids, tannins, glycosides, saponins, 

anthraquinones, and steroids. The intensity of phytochemical presence was recorded 

using a semi-quantitative scale: (+) low, (++) moderate, (+++) high, and (–) absent 

(Mahamat Ousman et al., 2025; Khan et al., 2022). 

 

 

Brine Shrimp (Artemia salina L.) Lethality Assay 

The cytotoxic activity of the plant extracts was evaluated using the Brine Shrimp 

Lethality Assay (BSLA) with Artemia salina nauplii. The brine shrimp eggs were 

obtained from Mindanao State University–Naawan and first hatched by incubating them 

in artificial seawater under continuous illumination for 48 hours, during which they 

developed into nauplii (Meyer et al., 1982; Hamidi et al., 2020). 

The experiment was conducted in the Natural Sciences Laboratory of Misamis 

University under controlled laboratory conditions. Ten nauplii were transferred into each 

test vial following standard brine shrimp lethality assay procedures (Syahmi et al., 2021) 

containing 4 mL of artificial seawater and 1 mL of plant extract at varying concentrations 

(1 mg/mL, 0.5 mg/mL, 0.25 mg/mL, 0.125 mg/mL, 0.0625 mg/mL, and 0.03125 

mg/mL). Each concentration was tested in triplicate to ensure the reliability of results 

(Shabir et al., 2021). As shown in Figure 7, Artemia salina nauplii were exposed to 

different concentrations of Makataynuk leaf extracts during the assay. 
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The positive control consisted of 1 mL dimethyl sulfoxide (DMSO) mixed with 4 

mL of seawater, while the negative control contained only 5 mL of artificial seawater. 

After 24 hours of continuous light exposure, the number of surviving larvae was counted 

and recorded. The mortality data obtained were used to determine cytotoxic activity and 

to compute the median lethal concentration (LC₅₀) of the plant extracts (Pimenta et al., 

2020). 

Figure 7. Exposure of Brine Shrimp Nauplii to Different Concentrations of  
                Makataynuk Leaf Extracts 
 

Data Analysis 

The data obtained from the phytochemical screening and Brine Shrimp Lethality 

Assay (BSLA) using Artemia salina nauplii and Makataynuk (Streblus sp.) leaf extracts 

were organized, tabulated, and analyzed using appropriate statistical tools. 

Phytochemical screening results were analyzed descriptively and presented using 

a semi-quantitative scale indicating the presence of secondary metabolites as follows: (+) 
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low, (++) moderate, (+++) high, and (–) absent. This allowed for the identification and 

comparison of bioactive compounds present in the different solvent extracts. 

Mortality data from the BSLA were expressed as percentages and used to establish the 

dose–response relationship by plotting log-transformed extract concentrations against 

observed mortality rates. This provided a visual representation of the cytotoxic response 

of the test organisms. 

 

Statistical Analysis 

Prior to inferential analysis, the assumption of normality was tested using the 

Shapiro–Wilk test in SPSS version 29 to assess whether the data were normally 

distributed (Razali & Wah, 2011). Based on the results, appropriate statistical procedures 

were applied. 

Differences in mortality rates across concentrations and solvent extracts were 

analyzed using one-way Analysis of Variance (ANOVA) in SPSS version 29.0 (Kim, 

2021). When significant differences were identified, a Tukey Honest Significant 

Difference (HSD) post hoc test was conducted to determine specific group differences 

(Field, 2020). 

The median lethal concentration (LC₅₀) values of the extracts were determined 

using probit regression analysis in PAST software version 3.4, which estimates the 

concentration required to cause 50% mortality of the test organisms (Finney, 1971; Shabir 

et al., 2021). This method is widely used in toxicological studies for quantifying 

cytotoxicity. 
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All statistical tests were performed at a 0.05 level of significance. The toxicity of 

the extracts was interpreted using established toxicity classification criteria, such as 

Clarkson’s toxicity scale. 

RESULTS AND DISCUSSION 

 

 

Phytochemical screening of the crude extract 

​ The phytochemical screening of the methanolic crude extract of Makataynuk 

(Streblus sp.) revealed the presence of several important secondary metabolites, including 

flavonoids, total phenolics, saponins, tannins, alkaloids, steroids, and terpenoids (Table 

1). Among these, flavonoids, total phenolics, saponins, and tannins were highly detected 

(+++), alkaloids and steroids were moderately detected (++), while terpenoids were only 

slightly detected (+). Overall, this indicates that the plant contains a wide range of natural 

compounds that may be responsible for its biological and cytotoxic effects. 

Table 1. Phytochemical screening of the methanolic crude extracts of Makataynuk, 
indicating its phytochemical constituents and their level of detection.  
Phytochemicals           Level of Detections Interpretation 

Flavonoids +++ High Detection 
Total Phenolics +++ High Detection 

Saponins +++ High Detection 
Tannins +++ High Detection 
Steroids ++ Moderate Detection 

Alkaloids ++ Moderate Detection 
Terpenoids + Low Detection 

Legend: high detection (+++), moderate detection (++), low detection (+), and no detection (-) 
 
 

The strong presence of flavonoids and phenolic compounds is particularly 

important. These compounds are well known for their antioxidant and cytotoxic 

properties because they help neutralize harmful free radicals that can damage cells 

(Gulcin, 2020). In simpler terms, they help protect cells from stress and may also 
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interfere with processes that allow abnormal cells to grow and survive. Because of this, 

flavonoids and phenolics are often linked to biological activities such as antimicrobial, 

antioxidant, and cytotoxic effects (Do et al., 2020; Ramakrishna et al., 2021). Their 

abundance in the extract may therefore be one reason for the observed mortality in the 

Brine Shrimp Lethality Assay with Artemia salina. Similar observations were reported in 

several phytochemical studies showing that medicinal plants rich in flavonoids and 

phenolic compounds commonly exhibit strong antioxidant and cytotoxic activities 

because these compounds can interfere with oxidative pathways and cellular metabolism. 

Recent investigations have also demonstrated that phenolic-rich plant extracts may 

induce apoptosis and inhibit the proliferation of abnormal cells through modulation of 

oxidative stress and mitochondrial disruption (Kavya et al., 2024; Mahamat Ousman et 

al., 2025; Rahman et al., 2021; Santos et al., 2022). Furthermore, flavonoids are 

recognized for their ability to chelate metal ions, stabilize reactive oxygen species, and 

regulate inflammatory pathways, contributing to their broad pharmacological significance 

(Salmerón-Manzano et al., 2020). 

Saponins were also detected at high levels in the extract. These compounds are 

known to interact with and disrupt cell membranes, thereby increasing membrane 

permeability and eventually causing cell breakdown or death. This membrane-disrupting 

property explains why saponins are often associated with cytotoxic activity in biological 

tests (Osbourn et al., 2011). Alongside this, tannins were also present in high amounts. 

Tannins can bind with proteins and enzymes, interfering with normal cellular functions 

such as metabolism and growth. This can further contribute to the plant extract's overall 

biological and cytotoxic effects (Khan et al., 2022). Previous studies have also associated 
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saponins with increased membrane permeability and leakage of intracellular components, 

resulting in cellular damage and mortality in various bioassay organisms. Tannins, 

meanwhile, may interfere with nutrient absorption and enzyme activity by forming 

complexes with proteins and cellular macromolecules (Fraga-Corral et al., 202; Osbourn 

et al., 2011; Khan et al., 2022). These mechanisms collectively support the observed 

cytotoxic response of the plant extract against Artemia salina nauplii. 

Moderate levels of alkaloids and steroids were also observed. Alkaloids are 

important bioactive compounds known for their antimicrobial, analgesic, and cytotoxic 

properties. Some alkaloids can interfere with DNA replication and cell division (Roy, 

2021), which is why they are widely studied in pharmaceutical research (Singh & 

Sharma, 2024). Steroids, on the other hand, may help regulate inflammation and other 

cellular processes through their interaction with cell signaling pathways 

(Salmerón-Manzano et al., 2020). Although terpenoids were only weakly detected, they 

remain biologically important because many exhibit antioxidant, antimicrobial, and 

cytotoxic activities, even in small amounts. Several pharmacological studies have 

demonstrated that alkaloid-containing medicinal plants exhibit significant cytotoxic and 

antimicrobial activities due to their capacity to inhibit nucleic acid synthesis and alter 

membrane transport processes (Singh & Sharma, 2024; Abdullahi et al., 2021). In 

addition, plant steroids and terpenoids have been reported to possess anti-inflammatory, 

antioxidant, and antiproliferative properties that may further contribute to the biological 

activity of medicinal plant extracts (Ningsih et al., 2021; Kavya et al., 2024). 

The high detection of these polar phytochemicals can be explained by the use of 

methanol as the extraction solvent. Methanol is highly effective for extracting polar 

20 
 
 



compounds such as flavonoids, phenolics, tannins, and glycosides because these 

compounds readily dissolve in polar solvents (Azwanida, 2022). Previous studies have 

also shown that methanolic extracts often yield a wider range of phytochemicals and 

stronger biological activity than those from less polar solvents (Sultana et al., 2023). This 

supports the strong presence of phytochemicals observed in this study. 

 

Brine Shrimp Lethality of Plant Extracts Using Different Solvents  

The solvent extracts demonstrated a clear concentration-dependent lethality 

against Artemia salina nauplii, with mortality increasing progressively with extract 

concentration. This dose–response relationship was consistently observed across all 

solvent fractions, indicating that the toxic effect of the extracts was directly associated 

with extract concentration and the abundance of bioactive constituents.  

The mean percent mortality values presented in Table 2 further reinforced the 

concentration-dependent toxicity pattern observed in the mortality counts. Mortality 

increased steadily with increasing concentration in all extracts, while the methanolic 

extract maintained the highest mean mortality at every exposure level. At 1.0 mg/mL, the 

methanolic extract produced 100.00 ± 0.00% mortality, whereas the hexane extract 

showed the lowest mortality (80.00 ± 0.00%) at the same concentration. The relatively 

low mortality values recorded at lower concentrations indicate that toxic effects 

diminished substantially as exposure decreased. 

Notably, the standard deviation values across treatments were generally low 

(±0.00 to ±1.15), indicating minimal variability among replicates and demonstrating 

strong experimental consistency and reproducibility. Low variability strengthens 

confidence that the observed mortality differences were primarily attributable to extract 
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activity rather than random experimental variation or handling error. Similar observations 

have been reported in reliable brine shrimp lethality studies employing replicated 

bioassays (Hamidi et al., 2020; Apu et al., 2022). The high mortality observed in the 

positive control confirms the sensitivity of the nauplii to toxic substances under the assay 

conditions. In contrast, the absence of mortality in the negative control validated that the 

artificial seawater itself produced no toxic effect. 

 

Table 2. Mean percent mortality (± SD) of Artemia salina nauplii exposed to   
               different solvent extracts and controls 

Concentration (mg/mL) Aqueous Methanolic Ethyl acetate Hexane 
1.0 86.67 ± 0.58 100.00 ± 0.00 92.22 ± 0.58 80.00 ± 0.00 
0.50 73.33 ± 0.58 90.00 ± 0.00 83.33 ± 0.58 66.67 ± 0.58 
0.25 56.67 ± 0.58 73.33 ± 1.15 66.67 ± 0.58 50.00 ± 0.00 
0.125 40.00 ± 0.00 53.33 ± 0.58 46.67 ± 0.58 33.33 ± 0.58 
0.0625 23.33 ± 0.58 33.33 ± 0.58 26.67 ± 0.58 16.67 ± 0.58 
0.03125 10.00 ± 0.00 16.67 ± 0.58 13.33 ± 0.58 6.67 ± 0.58 
Positive Control (DMSO) 96.67 ± 0.58 96.67 ± 0.58 96.67 ± 0.58 96.67 ± 0.58 

Negative Control (Artificial Sea Water) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

Legend: Values are expressed as mean percentage mortality ± standard deviation (SD) based on triplicate 

determinations. 

 
The observed concentration-dependent trend is consistent with the general 

toxicological principle that increasing exposure levels increase organismal susceptibility 

to phytochemical toxicity. Similar dose-dependent mortality patterns have been widely 

reported in brine shrimp lethality assays involving medicinal plant extracts and are 

considered indicative of biologically active secondary metabolites (Meyer et al., 1982; 

Hamidi et al., 2020; Ahmed et al., 2021). The assay is widely recognized as a rapid 

preliminary screening tool for detecting cytotoxic, pesticidal, and pharmacologically 

active compounds because A. salina's sensitivity correlates well with the presence of 

potent bioactive metabolites. The increasing mortality observed at higher concentrations 
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may indicate that greater exposure levels allowed larger amounts of phytochemicals to 

penetrate the nauplii and interfere with essential physiological processes. Bioactive 

compounds such as flavonoids, alkaloids, tannins, and saponins are known to alter 

membrane stability, inhibit respiratory enzymes, and induce oxidative stress, ultimately 

leading to organismal death (Hamidi et al., 2020; Ahmed et al., 2021; Apu et al., 2022). 

Similar concentration-dependent mortality responses have been consistently reported in 

brine shrimp lethality assays involving medicinal plant extracts rich in secondary 

metabolites (Maghanoy et al., 2022; Ismail et al., 2025). 

Among the solvent fractions, the methanolic extract consistently exhibited the 

highest lethality across all concentrations. This finding suggests that methanol extracted a 

greater quantity of potent cytotoxic constituents compared with the other solvents. 

Methanol is highly effective for extracting polar and moderately polar phytochemicals, 

including flavonoids, phenolic compounds, tannins, alkaloids, glycosides, and certain 

saponins, many of which exhibit cytotoxic and membrane-disrupting activities (Do et al., 

2020; Azwanida, 2022). The strong activity of the methanolic fraction, therefore, implies 

that the major toxic constituents of the plant are predominantly polar in nature. The 

stronger activity of the methanolic extract further supports the established principle that 

polar solvents extract greater quantities of biologically active constituents compared with 

nonpolar solvents. Methanol is particularly effective in dissolving phenolic acids, 

flavonoids, glycosides, and alkaloids because of its high polarity and penetration 

efficiency into plant tissues (Azwanida, 2022; Sultana et al., 2023). Previous comparative 

extraction studies similarly demonstrated that methanolic fractions frequently exhibit 
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stronger antioxidant and cytotoxic activities than aqueous and hexane extracts (Do et al., 

2020; Khan et al., 2022). 

The ethyl acetate extract also demonstrated relatively high toxicity, particularly at 

higher concentrations, suggesting that semi-polar constituents contributed substantially to 

the observed lethality. Ethyl acetate commonly extracts flavonoid aglycones, terpenoids, 

and other semi-polar metabolites that have previously been associated with cytotoxic and 

antioxidant activities (Ningsih et al., 2021; Rahman et al., 2021). In contrast, the 

comparatively lower toxicity observed in the hexane extract indicates that nonpolar 

constituents contributed less to nauplii mortality. Nonpolar solvents such as hexane 

primarily extract lipids, waxes, chlorophylls, and nonpolar terpenes, which may possess 

weaker cytotoxic potential than polar phytochemicals (Sultana et al., 2022). The overall 

toxicity ranking observed in the present study, therefore, supports the established 

influence of solvent polarity on phytochemical extraction efficiency and biological 

activity. 

The one-way ANOVA analysis confirmed that concentration significantly 

influenced nauplii mortality in all solvent extracts. As shown in Table 3, highly 

significant differences were observed among concentration groups for aqueous (F = 

185.14), methanolic (F = 131.41), ethyl acetate (F = 143.35), and hexane extracts (F = 

181.23), with all p-values below 0.0001. These findings indicate that the observed 

mortality responses were statistically dependent on extract concentration. Among the 

solvent extracts, the aqueous extract exhibited the highest F-value, indicating substantial 

variation in mortality responses across concentrations. The highly significant ANOVA 

results indicate that concentration was a major factor influencing nauplii mortality across 

24 
 
 



all solvent extracts. Statistical validation through ANOVA is important in cytotoxicity 

studies because it confirms that observed biological responses are unlikely to have 

occurred by random variation alone (Kim, 2021). Similar highly significant mortality 

differences among concentration groups have also been reported in other brine shrimp 

lethality studies involving medicinal plants with potent phytochemical constituents 

(Arulpriya et al., 2021; Ahmed et al., 2021). 

Table 3. Statistical comparison of mortality responses among extract concentrations  
               and controls using one-way ANOVA 

Extract F-value p-value Decision 
Aqueous 185.14 <0.0001* Reject H0 
Methanolic 131.41 <0.0001* Reject H0 
Ethyl acetate 143.35 <0.0001* Reject H0 
Hexane 181.23 <0.0001* Reject H0 
 Note: *Significant at p < 0.05. 
 

The extremely low p-values demonstrate that differences in mortality among 

concentration treatments were highly significant, thereby rejecting the null hypothesis of 

no difference between concentration groups. The large between-group variation relative 

to within-group variation further indicates that the extracts produced measurable and 

biologically meaningful toxic effects on Artemia salina. Similar statistically significant 

dose-dependent mortality responses have been reported in other phytotoxicity and 

cytotoxicity studies using brine shrimp assays (Ahmed et al., 2021; Hamidi et al., 2020).​

The Tukey HSD grouping analysis presented in Figure 8 provided further clarification 

regarding the differences in mortality responses among extract concentrations. Most 

concentration groups showed statistically significant differences (p < 0.05), particularly 

in comparisons involving the highest concentration (1.0 mg/mL) and the 

lower-concentration treatments. These findings further confirm that mortality increased 

substantially with increasing extract concentration. The grouping pattern showed that 
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higher concentrations generally formed distinct statistical groups relative to lower 

concentrations, indicating stronger cytotoxic effects at elevated exposure levels. 

However, several lower concentration treatments, particularly in the methanolic 

and ethyl acetate extracts, showed overlapping groupings, suggesting that their mortality 

responses were not significantly different from one another. This may indicate the 

presence of a threshold or plateau effect at lower concentrations, wherein reductions in 

concentration no longer produce proportionally detectable decreases in mortality. Similar 

plateau responses have been reported in previous brine shrimp lethality studies, in which 

mortality approaches baseline levels at sublethal concentrations (Arulpriya et al., 2021). 

The observed grouping patterns suggest that below certain exposure thresholds, the 

concentration of active phytochemicals may become insufficient to induce substantial 

physiological disruption in Artemia salina nauplii. Similar findings were reported in 

previous toxicological studies involving medicinal plant extracts, in which low extract 

concentrations produced minimal differences in mortality responses due to reduced 

availability of bioactive compounds (Shabir et al., 2021; Pimenta et al., 2020). Overall, 

the Tukey HSD grouping analysis supports the dose-dependent cytotoxic activity of the 

solvent extracts and confirms the significant influence of extract concentration on nauplii 

mortality.                                                                        ​ ​ ​ ​ ​

Probit regression analysis provided quantitative evidence of the relative toxicity of the 

different solvent extracts against Artemia salina nauplii. As presented in Table 4, the 

methanolic extract exhibited the lowest LC₅₀ value (25.11 µg/mL), indicating the highest 

toxicity among all tested extracts, followed by the ethyl acetate extract (104.72 µg/mL), 

aqueous extract (312.45 µg/mL), and hexane extract (447.83 µg/mL). 
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Figure 8. Tukey HSD Grouping of Mortality Responses in Different Extract Concentrations:  
                (a) aqueous, (b) methanolic, (c) ethyl acetate, and (d) hexane extracts.  
                Concentrations followed by the same letter are not significantly different, whereas      
                concentrations followed by different letters indicate significant differences at p <  
                0.05.  
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Since lower LC₅₀ values correspond to greater biological potency, the results 

clearly demonstrate that the methanolic fraction possessed substantially stronger 

cytotoxic activity compared with the semi-polar and nonpolar extracts. This toxicity 

ranking is consistent with the mortality trends observed in previous assays, in which the 

methanolic extract consistently produced the highest nauplii mortality across all 

concentration levels. 

 

Table 4. Probit regression analysis and LC₅₀ values of different solvent extracts 
against Artemia salina nauplii  

Note: Lower LC₅₀ values indicate greater cytotoxic activity. 

 

 

Based on the toxicity classification proposed by Meyer et al. (1982), extracts with 

LC₅₀ values below 100 µg/mL are considered highly toxic, while higher LC₅₀ values 

indicate moderate to low toxicity. Accordingly, the methanolic extract can be classified as 

highly toxic. In contrast, the ethyl acetate extract exhibited moderate to high toxicity, 

whereas the aqueous and hexane extracts showed comparatively lower toxicity. The 

markedly lower LC₅₀ value of the methanolic extract suggests the presence of highly 

active cytotoxic phytochemicals with potential pharmacological or pesticidal 

applications. Brine shrimp lethality has long been recognized as a preliminary indicator 

of biologically active compounds with possible anticancer, antimicrobial, insecticidal, 
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Extract LC₅₀ (µg/mL) 95% Confidence 
Interval (µg/mL) 

Probit Slope 
 (b ± SE) R² Toxicity Classification 

Methanolic 25.11 19.42–32.87 2.08 ± 0.21 0.981 Highly toxic 

Ethyl acetate 104.72 86.15–129.33 1.74 ± 0.14 0.998 Moderately toxic 

Aqueous 312.45 255.60–392.18 1.56 ± 0.12 0.997 Slightly toxic 

Hexane 447.83 365.22–559.41 1.55 ± 0.13 0.995 Least toxic 



and antitumor properties; therefore, extracts exhibiting strong lethality may warrant 

further phytochemical and bioactivity-guided investigations (Hamidi et al., 2020; 

Pimenta et al., 2020). According to established toxicity criteria, extracts with LC₅₀ values 

below 100 µg/mL are generally considered highly bioactive and potentially suitable for 

further pharmacological investigation (Meyer et al., 1982). The high lethality of the 

methanolic extract, therefore, suggests the presence of potent cytotoxic constituents with 

anticancer, pesticidal, or antimicrobial activity. Previous studies have shown that plant 

extracts demonstrating strong brine shrimp lethality often correlate with cytotoxic effects 

in more advanced biological systems, supporting the usefulness of BSLT as a preliminary 

screening tool in natural product research (Hamidi et al., 2020; Singh & Sharma, 2024). 

The strong activity observed in the methanolic extract may be attributed to 

methanol's high extraction efficiency for polar and moderately polar secondary 

metabolites. Methanol is widely regarded as one of the most effective solvents for 

extracting bioactive phytochemicals such as flavonoids, tannins, alkaloids, phenolic 

acids, glycosides, and saponins, many of which possess membrane-disrupting, oxidative, 

or cytotoxic properties (Do et al., 2020; Azwanida, 2022). These compounds may 

interfere with cellular respiration, membrane permeability, enzyme activity, or ion 

regulation in the nauplii, ultimately leading to mortality. In contrast, the lower toxicity 

observed in the hexane extract suggests that nonpolar constituents contributed less to the 

plant's overall cytotoxic activity. Hexane primarily extracts lipophilic compounds such as 

fats, waxes, chlorophylls, and nonpolar terpenes, which may possess comparatively lower 

toxicity in brine shrimp assays (Sultana et al., 2022). The intermediate toxicity of the 
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ethyl acetate fraction further suggests that semi-polar compounds also contributed 

significantly to the observed bioactivity. 

The probit slopes obtained from the regression analysis further provided insight 

into the dose–response characteristics of the extracts. The methanolic extract exhibited 

the highest slope (2.08 ± 0.21), indicating a steeper dose–response relationship, in which 

small increases in concentration led to rapid increases in mortality. Steeper slopes are 

generally associated with more uniform biological responses and stronger toxic potency 

because the active compounds exert their effects within a narrower concentration range. 

Conversely, the relatively lower slope values observed in the aqueous and hexane extracts 

suggest more gradual mortality responses, indicating weaker or less concentrated toxic 

constituents. 

Moreover, the narrow 95% confidence intervals and high coefficients of 

determination (R² = 0.981–0.998) demonstrate that the probit regression models fitted the 

mortality data exceptionally well. High R² values indicate that concentration strongly 

explained the variation in mortality response, while narrow confidence intervals suggest 

good precision and reliability of the LC₅₀ estimates. These findings strengthen the validity 

of the bioassay results and indicate that the experimental data were highly consistent 

across replicates. Probit analysis is widely applied in toxicological and pharmacological 

studies because it effectively models sigmoid dose–response relationships and provides 

robust estimation of median lethal concentrations (Shabir et al., 2021). 

The probit analysis confirms that solvent polarity played a major role in 

determining the extraction of cytotoxic constituents from the plant material. The 

significantly greater toxicity of the methanolic extract indicates that polar phytochemicals 
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were likely the principal contributors to the observed lethality against A. salina. Since 

brine shrimp lethality is commonly used as an inexpensive preliminary screening method 

for identifying biologically active natural products, the present findings suggest that the 

methanolic extract may contain promising bioactive compounds with potential 

pharmaceutical, pesticidal, or anticancer applications. Further studies involving 

phytochemical profiling, compound isolation, and mechanistic toxicity evaluation are 

therefore recommended to identify the specific metabolites responsible for the observed 

cytotoxic effects.  
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CONCLUSIONS AND RECOMMENDATIONS 

 

This study demonstrated that Makataynuk (Streblus sp.) leaf extracts contain 

several bioactive secondary metabolites, including flavonoids, phenolics, saponins, 

tannins, alkaloids, steroids, and terpenoids. The extracts exhibited 

concentration-dependent cytotoxic activity against Artemia salina nauplii, with the 

methanolic extract showing the highest toxicity and lowest LC₅₀ value among all solvent 

extracts tested. These findings indicate that Streblus sp. possesses biologically active 

compounds with potential pharmacological importance.           ​ ​ ​ ​

​ ​ ​ ​ Based on the study's findings, it is recommended that future 

research conduct quantitative phytochemical analysis to determine the concentrations of 

specific secondary metabolites in the different solvent extracts of Makataynuk (Streblus 

sp.). Further evaluation using advanced cytotoxicity assays, such as cell-line testing and 

in vivo studies, is also recommended to validate the biological activity and safety of the 

extracts. In addition, isolation and characterization of the specific bioactive compounds 

responsible for the observed cytotoxic effects should be performed using 

chromatographic and spectroscopic methods. Future studies may also evaluate other 

biological properties of Streblus sp., including antimicrobial, antioxidant, and anticancer 

activities, using standardized laboratory methods. 
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APPENDIX G: Statistical Tables for Cytotoxicity Analysis 
 
 

Concentration (mg/mL) Aqueous Methanolic Ethyl acetate Hexane 

1.000 26/30 (86.7%) 30/30 (100.0%) 28/30 (93.3%) 24/30 (80.0%) 

0.500 22/30 (73.3%) 27/30 (90.0%) 25/30 (83.3%) 20/30 (66.7%) 

0.250 17/30 (56.7%) 22/30 (73.3%) 20/30 (66.7%) 15/30 (50.0%) 

0.125 12/30 (40.0%) 16/30 (53.3%) 14/30 (46.7%) 10/30 (33.3%) 

0.0625 7/30 (23.3%) 10/30 (33.3%) 8/30 (26.7%) 5/30 (16.7%) 

0.03125 3/30 (10.0%) 5/30 (16.7%) 4/30 (13.3%) 2/30 (6.7%) 

Positive Control (DMSO) 29/30 (96.7%) 29/30 (96.7%) 29/30 (96.7%) 29/30 (96.7%) 

Negative Control (Artificial 
Sea Water) 0/30 (0.0%) 0/30 (0.0%) 0/30 (0.0%) 0/30 (0.0%) 

Values represent number dead/total tested (% mortality). 
 

G.1. Dose-dependent mortality of Artemia salina nauplii exposed to different solvent 
extracts and controls after 24 h (N = 30/concentration) 
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Comparison Aqueous Methanolic Ethyl acetate Hexane 
1.000 vs 0.500 0.0402* 0.4423ns 0.3659ns 0.0402* 
1.000 vs 0.250 <0.001* 0.0007* 0.0004* <0.001* 
1.000 vs 0.125 <0.001* <0.001* <0.001* <0.001* 
1.000 vs 0.0625 <0.001* <0.001* <0.001* <0.001* 
1.000 vs 0.03125 <0.001* <0.001* <0.001* <0.001* 
1.000 vs Positive Control 0.1971ns 0.9955ns 0.9933ns 0.0071* 
1.000 vs Negative Control <0.001* <0.001* <0.001* <0.001* 
0.500 vs 0.250 0.0071* 0.0436* 0.0274* 0.0071* 
0.500 vs 0.125 <0.001* <0.001* <0.001* <0.001* 
0.500 vs 0.0625 <0.001* <0.001* <0.001* <0.001* 
0.500 vs 0.03125 <0.001* <0.001* <0.001* <0.001* 
0.500 vs Positive Control 0.0002* 0.8383ns 0.1110ns <0.001* 
0.500 vs Negative Control <0.001* <0.001* <0.001* <0.001* 
0.250 vs 0.125 0.0071* 0.0112* 0.0063* 0.0071* 
0.250 vs 0.0625 <0.001* <0.001* <0.001* <0.001* 
0.250 vs 0.03125 <0.001* <0.001* <0.001* <0.001* 
0.250 vs Positive Control <0.001* 0.0028* 0.0001* <0.001* 
0.250 vs Negative Control <0.001* <0.001* <0.001* <0.001* 
0.125 vs 0.0625 0.0071* 0.0112* 0.0063* 0.0071* 
0.125 vs 0.03125 <0.001* <0.001* <0.001* <0.001* 
0.125 vs Positive Control <0.001* <0.001* <0.001* <0.001* 
0.125 vs Negative Control <0.001* <0.001* <0.001* <0.001* 
0.0625 vs 0.03125 0.0402* 0.0436* 0.1110ns 0.1971ns 
0.0625 vs Positive Control <0.001* <0.001* <0.001* <0.001* 
0.0625 vs Negative Control 0.0002* 0.0001* 0.0004* 0.0071* 
0.03125 vs Positive Control <0.001* <0.001* <0.001* <0.001* 
0.03125 vs Negative Control 0.1971ns 0.0436* 0.1110ns 0.6354ns 
Positive Control vs Negative Control <0.001* <0.001* <0.001* <0.001* 
Statistically significant differences at p < 0.05. 
 

G.2. Pairwise comparison of concentration-dependent mortality including controls using 
Tukey HSD test 
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