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Abstract 
Background: Areca nut is a widely cultivated plant, particularly in Jambi province. This 
presents an opportunity for its development into a herbal product with pharmacological 
potential. Cytotoxicity testing plays an important role in the in vitro testing process. 
Objective:  This aims to determine the level of 50% ethanol extract of areca nut seeds that is 
safe for cell survival. Methods: The concentration of 50% ethanol extract of areca nut seeds 
that is safe in the cytotoxic test was followed by testing on RAW 264.7 cells (macrophages) 
stimulated by lipopolysaccharide (LPS) to simulate the inflammatory process. The test 
concentrations used were 31.25, 62.5, 125, and 250 micrograms/mL. Results: The research 
results have shown that all concentrations of the 50% ethanol extract of areca nut seeds still 
exhibit non-toxic properties, with cell viability values above 90%. Conclusion: 
Concentrations of 31.25, 62.5, 125, and 250 micrograms/mL can be continued for further in 
vitro testing using RAW 264.7 macrophage cells. 
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INTRODUCTION 
Indonesia is a country with the greatest biodiversity in the world, which has 
extraordinary potential for the discovery and development of new herbal medicines. 
The empirical use of medicinal plants has been part of people's culture for centuries, 
with advances in science and research technology[1–3]. 

One of the plants with significant development potential is the areca nut. This 
plant grows well in various regions of Indonesia, including Jambi Province, which is a 
significant producer of plantation commodities. Traditionally, areca nut has been used 
for a wide range of purposes, from traditional rituals to medicinal uses[4–6]. The 
results of phytochemical screening of the 50% ethanol extract of areca nut seeds have 
shown that areca nut contains bioactive compounds, alkaloids, tannins, and 
flavonoids[7]. These compounds are known to possess diverse pharmacological 
activities, including antioxidant, antibacterial, and anti-inflammatory agents, thus 
opening up opportunities for their development as a herbal product with therapeutic 
potential[8,9]. 

Inflammation is a fundamental biological response to various harmful stimuli, 
including pathogens, damaged cells, or tissue irritation. Although inflammation is a 
defense mechanism for the body, uncontrolled inflammation can trigger various 
chronic and degenerative diseases[10–13]. In vitro inflammation studies often use 
RAW 264.7 macrophage cells as a standard model. This is because when stimulated 
with lipopolysaccharide (LPS) from the cell walls of Gram-negative bacteria, these cells 
exhibit a characteristic inflammatory response, characterized by increased production 
of pro-inflammatory mediators (e.g., nitric oxide and cytokines). Therefore, this 
cellular model is highly relevant for screening compounds or extracts with potential as 
anti-inflammatory agents[14–17]. 

Before conducting an in vitro inflammatory efficacy test, a fundamental step that 
should not be ignored is the cytotoxicity test. This test aims to evaluate the effective 
dose of a substance at the cellular level and determine the concentration range that will 
be used to assess the viability or level of life of cells given a treatment. Therefore, 
determining the cytotoxicity profile is an important initial screening step in the 
development of natural ingredient-based pharmaceutical products, ensuring that the 
observed effects are pharmacological and still within the viability range that maintains 
cell survival during the treatment process[15]. 

Based on the above issues, researchers conducted a cytotoxic activity evaluation 
test of the 50% ethanol extract of areca nut seeds on RAW 264.7 macrophage cells. The 
results of this study will establish a non-toxic concentration range, which will then 
form the basis for further in vitro research, particularly in testing the anti-
inflammatory potential of areca nut extract in the same cell model. 

 
METHODS 
Plant materials and extraction  
The plant used in this research was the areca nut. The extraction process was carried 
out using the maceration method. The amount of simplicia used was 500 grams, which 
was macerated using a 50% ethanol solvent at a ratio of 1:10 for 2 × 24 hours, with 5 to 
6 stirrings carried out at room temperature. The maceration results were then filtered 
using a filter to obtain the filtrate. Repeat or re-maceration was carried out two more 
times with a maceration process of 1 x 24 hours each. All collected macerate results 
were concentrated using a rotary evaporator at a temperature of 40 °C. The extract 
results were subjected to phytochemical screening. 
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Phytochemical screening 
a. Preparation of the Main Solution 

0.5 g of thick extract was placed in a test tube, followed by 5 mL of distilled water 
and 5 mL of chloroform, and then shaken until the mixture was homogeneous. The 
solution was then allowed to stand until a water layer and a chloroform layer 
formed. 

b. Alkaloid Test 
A small amount of chloroform was taken from the chloroform layer, then 10 ml of 
0.05 N ammoniacal chloroform was added, followed by gentle stirring. 2 to 3 drops 
of 2N H2SO4 were added to the solution and shaken. Let it separate, and then take 
the acid solution, followed by two drops of Mayer's reagent. Positive samples 
containing alkaloids were indicated by the formation of white clumps or white mist  

c. Flavonoid Test 
Place 1 to 2 drops of water on a dropper plate, then add Mg powder and HCl 
solution. Observe the changes that occur; if a red color forms, the sample was 
positive for flavonoids. 

d. Saponin Test 
Take the water layer and place it in a test tube, then shake it vigorously. If the foam 
forms that lasts for approximately 15 minutes, the sample was positive for 
saponins. 

e. Tannin Test 
Add 1 to 2 drops of water to the drip plate, then add FeCl3. Observe the changes 
that occur. If a blue color forms, it indicates the sample contains tannin. 

f. Triterpenoid Test 
A 0.5 mL chloroform layer was taken and transferred to another test tube. Next, 2 
mL of concentrated sulfuric acid was added through the tube wall. If a brownish or 
violet ring forms at the solution border, the sample contains terpenoids, while a 
blue-green ring indicates steroids. 

 
Cytotoxicity test on RAW 246.7 cells (macrophage cells) using MTT assay 
MTT was a yellow dye used to clarify living cells that would be identified in the research 
process. The full name of the compound is 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide. The succinate dehydrogenase enzyme in the 
mitochondria of living cells can reduce MTT to a water-insoluble, blue-purple 
formazan, which then precipitates inside the cell. The amount of formazan produced 
was proportional to the number of living cells, which a microplate reader detects at 560 
nm, and then the number of living cells was inferred from the OD value. 

The media was discarded, and 10 µL of MTT solution (5 mg/mL) was added to 
each well. The wells were then incubated for 4 hours at 37 °C, 5% CO2 (without air 
bubbles), to reduce MTT to formazan. After the media was discarded, 150 µL of DMSO 
was added to each well to dissolve the formazan. The plate was then stirred at 25 °C for 
10 minutes to dissolve the formazan completely. Finally, absorbance was measured at 
560 nm using a microplate reader. Perform three independent repetitions for each 
experiment. Cells without drug treatment were designated as blank controls. 

Cytotoxicity test: Count the number of viable cells using a hemocytometer. Cells 
were seeded at a density of 5 × 103 cells per well in 96-well plates. Then, incubate for 
24 hours at 37 °C and 5% CO2. The culture medium was replaced with a new one of 
180 µL, and 20 µL of a 50% ethanol extract of areca nut was added to each well. The 
concentrations of the 50% ethanol extract samples used in this test were 31.25, 62.5, 
125, and 250 ppm. Then, the cells were incubated for 24 hours. Afterward, 20 µL of 
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MTS was added to each well, and the cells were incubated for an additional 3 hours. 
Absorbance was measured using spectrophotometry, with readings at a wavelength of 
560 nm (equation 1): 
% Viability = (A sample corrected / A control negative corrected) X 100……………….(1) 
 
RESULTS 
A 50% ethanol extract of areca nut seeds was obtained using the maceration method. 
This was a simple extraction method used to extract active compounds from natural 
ingredients. Maceration was carried out by soaking the material in a specific solvent at 
room temperature for a specified period. The advantage of the maceration extraction 
method was that the equipment used was simple and did not require heating, so the 
active ingredients in the plant are not easily decomposed. Several studies have shown 
that the maceration method can increase the levels of phenolic compounds. Phenolic 
compounds act as antioxidants, which are useful for healing various degenerative 
diseases[18,19]. 

After obtaining the extraction results, phytochemical screening tests were 
carried out. Phytochemical screening was a preliminary test (qualitative test) carried 
out to detect the presence of a group of natural chemical compounds found in plant 
extracts. The results of phytochemical screening of the 50% ethanol extract of areca 
nut seeds can be seen in Table 1. For the cytotocixity test results againts RAW 264.7 
macrophage cells can be seen in Figure 1. 
 
Table 1. Phytochemical Screening Test of 50% Ethanol Extract of Areca Nut Seeds. 

Phytochemical Test  Results 
Flavonoids + 
Alkaloids + 
Saponin - 
Tannin +  
Steroids + 
Phenol + 

 

 
Figure 1. Cytotoxicity test results against RAW 264.7 macrophage cells 
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DISCUSSION 
Inflammation is the immune system's response to various stimuli, including 
pathogens, toxins, or radiation. Although inflammation is a marker of the activation of 
the body's defense mechanisms, it can sometimes cause significant damage, triggering 
various diseases such as autoimmune diseases, diabetes, Alzheimer's disease, chronic 
kidney disease, and others. Therefore, monitoring the inflammatory response and 
promoting the appropriate use of cellular and organism-based inflammatory therapies 
was increasingly important[10,11,13]. 

Inflammatory conditions trigger immune cells, such as macrophages, monocytes, 
and neutrophils, to release large amounts of pro-inflammatory cytokines, including 
TNF-alpha, IL-1β, and IL-6. If the inflammatory response becomes excessive, it 
triggers the release of anti-inflammatory cytokines, such as IL-10, IL-4, and 
transforming growth factor-β. In addition, inflammation also involves the regulation 
of several other genetically encoded proteins, including the structural domain of 
nucleotide receptor binding oligomerization 2, MCP-1, iNOS, and others. Overall, the 
role and mechanism of these molecules in regulating the progression of inflammation 
were unclear. Therefore, it was important to build a foundation to be able to assess the 
effects of drugs or harmful agents on the anti-inflammatory function of cells and 
animals quickly, efficiently, and consistently[10,20]. 

Lipopolysaccharide compounds and RAW 264.7 cells act as mimics of the 
inflammatory response by releasing or increasing various inflammatory mediators. 
Therefore, RAW 264.7 can be used as the most common in vitro test cell model for 
screening anti-inflammatory active substances. Drug cytotoxicity testing was the first 
step to consider when assessing anti-inflammatory activity. Commonly used methods 
were MTT and CCK-8. The tools used to detect the expression levels of specific 
inflammation-related proteins in cells were ELISA and Western blotting. Both were 
working based on the principle of specific antigen-antibody binding to detect the 
presence and content of target proteins[21,22]. 

This research used five concentration variations for the cytotoxic test of RAW 
264.7 cells, namely the control group, 50% ethanol extract of areca nut seeds with doses 
of 31.5 ppm, 62.5 ppm, 125 ppm, and 250 ppm. Observations of the five groups were 
conducted using an inverted microscope (Olympus CKX41-F32FL) at 40x 
magnification. Figure 1 shows the cytotoxic test results of a 50% ethanol extract of 
areca nut seeds, where all treatment concentrations yielded viability values above 90%. 
These findings provide important evidence that the concentration range tested was 
safe and suitable for use in further efficacy studies. 

Cytotoxicity testing was a crucial indicator for evaluating in vitro assays. Cell 
viability or cell proliferation rate was an indicator of cell health. The purpose of 
cytotoxicity testing before in vitro anti-inflammatory testing was to determine a safe 
concentration of the sample, ensure that the cells remained viable, and verify that the 
observed anti-inflammatory effects were truly due to the biological activity of the 
compound and not from toxic effects on the cells. Agents can mechanically and 
chemically affect cell health and metabolism. These agents cause toxicity to cells 
through various mechanisms, including cell membrane damage, inhibition of protein 
synthesis, irreversible binding to receptors, inhibition of polydeoxynucleotide 
elongation, and interference with enzymatic reactions[23–25]. 

The content of secondary metabolite compounds in the 50% ethanol extract of 
areca nut seeds, such as flavonoids, alkaloids, tannins, and steroids, which have the 
potential as anti-inflammatory agents, is very worthy of further testing the potential of 
this extract using a therapeutic window of 31.25 to 250 ppm, which can work 
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pharmacologically without causing cell damage. This data supports efforts to develop 
standardized herbal products, or phytopharmaceuticals, from Indonesia's rich 
biodiversity, which is a crucial step in enhancing the added value of local natural 
resources and promoting independence in the health sector. 
 
CONCLUSIONS  
Based on the research results, it can be concluded that the 50% ethanol extract of areca 
nut (Areca catechu) did not show toxic properties against RAW 264.7 macrophage cells 
in the test concentration range of 31.25 µg/mL, 62.5 µg/mL, 125 µg/mL, and 250 
µg/mL. This was supported by cell viability values, which consistently exceeded 90%. 
Therefore, all concentrations were deemed safe and can be recommended for further 
in vitro testing stages using RAW 264.7 macrophage cells. 
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