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Cytotoxicity of Ethanol Extract of Robusta Coffee Leaves (Coffea canephora) in Vero cells
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Abstract

Robusta coffee leaves (Coffea canephora) contain various bioactive compounds that may serve as natural antioxidants and
potential phytopharmaceutical agents. The objective of this research to evaluate the antioxidant activity and cytotoxicity
of the ethanol extract of robusta coffee leaves and to determine the relationship between antioxidant activity and cell
viability. Antioxidant activity was assessed using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, while cytotoxicity was
evaluated on Vero cells using the MTT assay over a concentration range of 31.25-500 pg/mL. Vitamin C and doxorubicin
were used as positive controls. The ethanol extract exhibited very strong antioxidant activity with an ICso value of 22.456
pg/mL, while vitamin C showed an ICso value of 4.217 ug/mL. Cytotoxicity testing demonstrated low toxicity toward Vero
cells, with an ICso value of 1512.857 ug/mlL, whereas doxorubicin exhibited an ICs value of 60.052 pg/mL. Pearson
correlation analysis revealed a strong negative correlation between antioxidant activity and Vero cell viability (r =-0.93, p
=0.024). Despite this correlation, cell viability remained above 100% at all tested concentrations, indicating the absence of
cytotoxic effects on normal mammalian cells. These findings suggest that the ethanol extract of robusta coffee leaves
possesses potent antioxidant activity while maintaining a favorable safety profile, supporting its potential to be futher
development as a source of natural antioxidants and phytopharmaceutical candidate.
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Abstrak

Daun kopi robusta (Coffea canephora) mengandung berbagai senyawa bioaktif yang berpotensi dikembangkan sebagai
sumber antioksidan alami dan kandidat fitofarmaka. Penelitian ini bertujuan untuk mengevaluasi aktivitas antioksidan
dan sitotoksisitas ekstrak etanol daun kopi robusta serta mengetahui hubungan antara aktivitas antioksidan dan viabilitas
sel. Aktivitas antioksidan diuji menggunakan metode 2,2-difenil-1-pikrilhidrazil (DPPH), sedangkan sitotoksisitas
dievaluasi terhadap sel Vero menggunakan metode MTT dengan rentang konsetrasi 31,25-500 pig/mL. Vitamin C dan
doksorubisin digunakan sebagai kontrol positif pada uji antioksidan dan sitotoksisitas. Hasil penelitian menunjukkan
bahwa ekstrak etanol daun kopi robusta memiliki aktivitas antioksidan yang sangat kuat dengan nilai ICso sebesar 22,456
pg/mL, sedangkan vitamin C memiliki nilai ICso sebesar 4,217 ug/mL. Uji sitotoksisitas menunjukkan bahwa ekstrak
bersifat tidak toksik terhadap sel Vero dengan nilai ICso sebesar 1512,857 ug/mL, sementara doksorubisin memiliki nilai
ICso sebesar 60,052 pg/mL. Analisis korelasi Pearson menunjukkan adanya korelasi negatif yang kuat antara aktivitas
antioksidan dan viabilitas sel Vero (r = -0,93; p = 0,024). Meskipun demikian, seluruh nilai viabilitas sel berada di atas
100%, yang menunjukkan bahwa aktivitas antioksidan ekstrak tidak disertai efek sitotoksik terhadap sel normal. Hasil
penelitian ini menunjukkan bahwa ekstrak etanol daun kopi robusta memiliki aktivitas antioksidan yang kuat dengan
profil keamanan yang baik, sehingga berpotensi dikembangkan lebih lanjut sebagai sumber antioksidan alami dan
kandidat fitofarmaka.

Kata Kunci: Aktivitas antioksidan, ekstrak tanaman, viabilitas sel, stres oksidatif, senyawa bioaktif.
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Introduction

The wuse of plant-derived bioactive compounds as complementary therapeutic agents and
phytopharmaceutical candidates has gained growing attention. This is due to the growing demand for safe,
effective, and sustainable natural medicines. Robusta coffee (Coffea canephora) is one promising yet
underutilized source of such compounds. While coffee beans have been well studied and widely
commercialized, coffee leaves also contain a range of secondary metabolites [1]. These include flavonoids,
polyphenols, terpenoids, alkaloids, tannins, saponins, and steroids [2-6]. These compounds have been
reported to possess several biological activities. They exhibit antioxidant and anti-inflammatory [4,7],
antibacterial [8], antifungal properties [3], and may help protect cells against oxidative damage [4,7].

Antioxidant activity is a crucial parameter in the development of phytopharmaceutical products as
oxidative stress and excessive free radical production are linked to cellular damage, aging, inflammation, and
various degenerative diseases [9-12]. Bioactive compounds present in robusta coffee leaves may protect cells
from oxidative injury and help maintain normal cellular function [6]. Therefore, evaluation of antioxidant
activity is necessary to determine the extract's ability to scavenge and neutralize free radicals and to support
its potential therapeutic applications [13]. Previous studies have reported significant antioxidant activity of
robusta coffee leaf extracts using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay [14,15].

Besides biological efficacy, safety evaluation is also required in developing phytopharmaceutical and
complementary therapeutic products. Cytotoxicity assessment provides essential information on the potential
toxic effects of plant extracts on normal cells before further development [14,16]. Most previous studies on
robusta coffee leaf extracts have focused on their effects against cancer cell lines, such as HeLa, MCF-7, and
HepG2 [8,17]. Others have used the Brine Shrimp Lethality Assay (BSLT) as a preliminary toxicity screening
method [18]. However, little information is available about their effects on normal mammalian cells [19].

Therefore, this study evaluated both the antioxidant activity and cytotoxicity of the ethanol extract of
robusta coffee leaves using Vero cells as a model of normal mammalian cells [19]. ICso values for antioxidant
and cytotoxic activities were determined to assess the extract's biological efficacy and safety profile. The
findings of this study are expected to provide scientific evidence supporting the development of robusta coffee
leaves as a safe and effective phytopharmaceutical candidate and complementary therapeutic agent derived
from local natural resources.

Method

Materials and Apparatus

The materials used in this study included robusta coffee leaves (Coffea canephora Pierre ex A. Froehner),
96% ethanol, 2,2-diphenyl-1-picrylhydrazyl (DPPH), Minimal Essential Medium (MEM), distilled water,
NaHCOs, NaOH, Dulbecco’s Modified Eagle Medium (DMEM), 10% dimethyl sulfoxide (DMSO), fetal bovine
serum (FBS), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT), phosphate-buffered saline
(PBS), vitamin C, sodium dodecyl sulfate (SDS) stopper solution, penicillin-streptomycin, 0.25% trypsin—
EDTA, HCl, doxorubicin, and Vero cells.

The equipment used included glass beakers, maceration vessels, 0.2 um membrane filter, 100-mesh
sieve, blender, pH meter, analytical balance, freezer, autoclave, vacuum rotary evaporator, laminar airflow
(LAF), water bath, hemocytometer, CO: incubator, inverted microscope, 96-well microplates, microplate
reader (ELISA reader), vortex mixer, conical tubes, cryotubes, cell counter, culture dishes, and centrifuge.
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Plant Identification

Plant identification was performed to ensure the authenticity of the robusta coffee plant and to prevent
errors in sample collection. Morphological characteristics, including leaf shape and size, stem, flowers, and
fruits, were examined and compared with botanical descriptions and taxonomic references [20,21].

Preparation of Plant Material

Fresh robusta coffee leaves were collected from Liwa, West Lampung, Indonesia. Healthy and
undamaged leaves free from fungal contamination were selected. Leaves were harvested in the morning from
the third to fifth leaf positions counted from the petiole base. The collected leaves were washed with running
water, sliced into small pieces, and air-dried for five days [22]. The dried material was then ground into
powder and sieved through a 100-mesh sieve to obtain a uniform particle size.

Extraction Procedure

A total of 500 g of powdered simplicia was extracted with 10 L of 96% ethanol by the maceration
method.The first maceration was performed with 5 L of 96% ethanol for 3 x 24 h, with agitation every 8 h. The
residue was subsequently re-macerated with 5 L of 96% ethanol for 2 x 24 h. All filtrates were combined and
concentrated using a vacuum rotary evaporator at 40°C, followed by evaporation in a water bath at 40°C until
a viscous extract was obtained [2,3].

Antioxidant Activity Assay

Antioxidant activity was evaluated using the DPPH radical scavenging assay. A DPPH solution (50
pg/mL) was prepared by dissolving 2.5 mg of DPPH powder in 50 mL of ethanol [23,24]. Briefly, 100 pL of
sample solution at concentrations of 1000, 500, 250, 125, 62.5, 31.25, and 15.625 ug/mL was mixed with 100 pL
of DPPH solution in a microplate. The mixture was incubated in the dark for 30 min at room temperature.
Vitamin C (0-20 pug/mL) was used as the positive control, while ethanol served as the blank solution.
Absorbance was measured at 517 nm using a microplate reader [24]. The percentage of DPPH inhibition was
calculated using the following formula [25,26] and ICs values were determined by linear regression analysis.

. o sye Standard Absorbance — Sample Absorbance
% DPPH inhibition = P x100%
Standard Absorbance
Cytotoxicity Assay
Cell Culture

Vero cells were obtained from the Primate Research Center, IPB University, Indonesia. Cells were
cultured in DMEM supplemented with 10% FBS and incubated at 37°C in a humidified 5% CO: atmosphere
until approximately 50% confluence was achieved. Cells were harvested using PBS washing followed by
treatment with 0.25% trypsin—-EDTA.

MTT Assay

Harvested Vero cells were counted and seeded into 96-well plates at a density of 5 x 103 cells/well in 100
uL culture medium. Following a 4 h incubation period at 37°C, the culture medium was removed and replaced
with extract solutions at concentrations of 500, 250, 125, 62.5, and 31.25 pg/mL. Each concentration was tested
in triplicate. Doxorubicin at concentrations ranging from 6.25 to 50 pg/mL was used as the positive control,
while Vero cells cultured in medium containing ethanol without the addition of the extract or doxorubicin,
served as the negative control. The viability of the negative control cells was designated as 100%. Although
doxorubicin was evaluated at lower concentrations (6.25-50 ug/mL) than the extract (31.25-500 ug/mL), the
marked difference in ICso values clearly demonstrates that the extract possesses considerably lower
cytotoxicity toward Vero cells.

After incubation for 2448 h, 100 uL of MTT reagent was added to each well and incubated for 2—4 h
until purple formazan crystals formed. Subsequently, 100 uL of SDS stopper solution was added, and the
plates were incubated for 24 h in the dark at room temperature to dissolve the crystals. Absorbance was
measured at 595 nm using a microplate reader [14,27]. Cell viability was calculated from the absorbance
values, and ICso values were determined by regression analysis [28].

Absorbance of control cells — Absorbance of treatment
% Inhibition = x100%
Absorbance of control cells
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Statistical Analysis

Pearson correlation analysis was performed to evaluate the relationship between antioxidant activity
and Vero cell viability. Correlation coefficients (r) were calculated using the percentage inhibition values
obtained from the DPPH assay and the percentage viability values obtained from the MTT assay.

Results and Discussion

The antioxidant activity assay demonstrated that the ethanol extract of robusta coffee leaves exhibited
concentration-dependent free radical scavenging activity. An increase in extract concentration resulted in
higher percentages of DPPH inhibition, indicating enhanced antioxidant capacity. The highest inhibition
percentage was observed at a concentration of 500 pg/mL (85.974%), whereas the lowest inhibition percentage
was obtained at 31.25 pg/mL (52.406%). Linear regression analysis yielded an ICsy value of 22.456 ug/mL,
indicating very strong antioxidant activity. According to the antioxidant classification proposed by Molyneux,
compounds with ICs, values below 50 ug/mL are categorized as very strong antioxidants. Vitamin C, used as
the positive control, also demonstrated very strong antioxidant activity with an ICso value of 4.217 pg/mL. The
lower ICso value of vitamin C compared with the extract indicates its higher antioxidant potency, which is
expected because vitamin C acts as a pure antioxidant capable of directly donating electrons to neutralize free
radicals [29]. Nevertheless, the robusta coffee leaf extract remained within the same antioxidant category,
highlighting its potential as a natural antioxidant source.

Table 1. Antioxidant Activity of Robusta Coffee Leaf Extract and Vitamin C Based on Average Inhibition
Percentage and ICso

Sample Concentration (ug/mL) x absorbancexSD x inhibition (%)*SD
Robusta Coffee Leaf Extract 500 0.080+0.001 85.974+0.153
250 0.090+0.002 84.154+0.423
125 0.145+0.002 74.529+0.492
62.5 0.212+0.003 62.677+0.413
31.25 0.270+0.001 52.406+0.174
Standar 0.568+0.003 0.000
ICso (pug/mL) 22.456
Vitamin C 10 0.140+0.002 75.292+0.441
5 0.261+0.004 54.108+0.631
2.5 0.379+0.001 33.274+0.328
1.25 0.494+0.002 13.087+0.236
0.625 0.522+0.001 8.038+0.530
Standar 0.568+0.003 0.000
ICs0 (ug/mL) 4.217

The strong antioxidant activity observed in this study is likely associated with the presence of bioactive
secondary metabolites, particularly phenolic compounds, flavonoids, alkaloids, tannins, and chlorogenic acid
in robusta coffee leaves [2,4,7], but quantitative analysis is needed for confirmation. Phenolic and flavonoid
compounds possess hydroxyl groups capable of donating electrons or hydrogen atoms to stabilize free
radicals and terminate oxidative chain reactions [9]. In addition, chlorogenic acid has been reported to
scavenge reactive oxygen species (ROS), inhibit lipid peroxidation, and protect cellular membranes against
oxidative damage [2]. In the DPPH assay, antioxidant activity occurs through electron transfer or hydrogen
atom donation to DPPH radicals, resulting in decreased absorbance values [25]. These findings are consistent
with previous studies reporting significant antioxidant activity in robusta coffee leaves. Putri et al. [5] reported
that ethanol extract of robusta coffee leaves contains higher total phenolic content than the n-hexane fraction,
resulting in greater antioxidant activity. Similar findings were reported by Welis et al. [6], who demonstrated
that phenolic and flavonoid compounds contribute substantially to the antioxidant capacity of robusta coffee
leaves through their radical-scavenging properties and their ability to maintain cellular redox homeostasis.

The cytotoxicity assay using the MTT method demonstrated that the ethanol extract of robusta coffee
leaves exhibited low toxicity toward Vero cells. Cell viability remained above 100% at all tested concentrations,
ranging from 103.383% to 136.261%, indicating that the extract did not suppress cell growth or induce cytotoxic
effects within the concentration range evaluated. The calculated cytotoxic ICso value was 1512.857 pg/mL,
suggesting that the extract can be classified as non-toxic toward normal mammalian cells. Generally, extracts
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with ICs values greater than 1000 pg/mL are considered to possess very low toxicity [19]. The high viability
percentages observed in this study indicates that cellular metabolic activity remained intact following
treatment with the extract. Although viability values exceeding 100% indicate the absence of cytotoxicity, they
may also reflect a potential proliferative effect on Vero cells or interference from naturally occurring colored
compounds in the extract with the MTT assay. Therefore, confirmation using complementary methods, such
as the Crystal Violet Staining (CVS) assay or direct cell counting, is recommended to validate these findings
[16].

The low cytotoxicity observed may be associated with the antioxidant properties of the extract. In the
MTT assay, viable cells reduce tetrazolium salts into purple formazan crystals through mitochondrial
dehydrogenase activity. The amount of formazan produced is proportional to the number of viable and
metabolically active cells [30]. Therefore, the increased absorbance values obtained in this study indicate that
cellular metabolism remained active after treatment. Furthermore, antioxidant compounds are known to
suppress excessive ROS generation, which can otherwise induce membrane damage, mitochondrial
dysfunction, DNA damage, and apoptosis [9,11]. Consequently, the antioxidant constituents present in
robusta coffee leaves may contribute to preserving cellular integrity and maintaining normal cellular
functions. This interpretation is supported by Rani et al. [19], who reported that phenolic-rich plant extracts
generally exhibit low toxicity toward Vero cells. Similarly, Asma et al. [31] suggested that natural bioactive
compounds with strong antioxidant activity often display lower cytotoxicity than synthetic cytotoxic agents.
Comparable observations were also reported by Utami et al. [17], who demonstrated that bioactive
compounds derived from Coffea canephora possess promising biological activities while maintaining relatively
low toxicity toward normal cells.

Table 2. Cytotoxicity of Robusta and Doxorubicin Coffee Leaf Extracts Based on Average Percent Inhibition,
Average Percent Viability, and ICso

Sample Concentration (ug/mL) x absorbancexSD  x inhibition (%)+SD  Xx viability (%)+SD
Robusta Coffee Leaf Extract 500 0.603+0.035 -3.383+5.753 103.383+5.753
250 0.632+0.009 -8.253+1.938 108.252+1.938
125 0.638+0.034 -9.380+8.344 109.380+8.344
62.5 0.676+0.013 -15.894+4.694 115.894+4.694
31.25 0.794+0.039 -36.261+10.044 136.261+10.044
Control cells 0.584+0.015 0.000 100.0000.000
ICs0 (ug/mL) 1512.857
Doxorubicin 50 0.444+0.034 23.870+7.504 76.130+7.504
25 0.507+0.010 13.125+0.607 86.875+0.607
12.5 0.534+0.013 8.563+0.262 91.437+0.262
6.25 0.576+0.042 1.178+8.309 98.822+8.309
Control cells 0.584+0.015 0.000 100.0000.000
ICs0 (ug/mL) 60.052

As expected, doxorubicin, used as the positive control, exhibited substantially greater cytotoxic activity
than the robusta coffee leaf extract, with an ICs value of 60.052 pg/mL. The cytotoxic mechanism of
doxorubicin involves DNA intercalation, inhibition of topoisomerase II activity, and increased ROS
production, ultimately leading to apoptosis and cell death [32]. The considerable difference between the ICso
values of doxorubicin and the extract highlights the favorable safety profile of robusta coffee leaf extract
toward normal mammalian cells.

To further investigate the relationship between antioxidant activity and cytotoxicity, Pearson
correlation analysis was performed using DPPH inhibition (%) and Vero cell viability (%) data. The analysis
revealed a strong negative correlation between antioxidant activity and Vero cell viability (r =-0.93, p = 0.024),
indicating a statistically significant inverse relationship between the two parameters. The p-value below 0.05
confirms that the observed correlation was statistically significant and unlikely to have occurred by chance.
These findings suggest that variations in antioxidant activity were significantly associated with changes in cell
viability across the tested concentrations. However, all viability values remained above 100%, indicating that
the strong antioxidant activity of the extract was not accompanied by cytotoxic effects on normal cells. This
observation may be attributed to the presence of phenolic compounds, flavonoids, and chlorogenic acid,
which contribute to antioxidant activity while simultaneously protecting cells from oxidative damage through
the scavenging of reactive oxygen species [9,33,34]. Similar findings were reported by Kok et al. [35] , who
demonstrated a significant association between phenolic content, antioxidant capacity, and cytotoxicity in
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plant-derived extracts. Therefore, the combination of strong antioxidant activity and low toxicity toward Vero
cells supports the potential application of robusta coffee leaf extract as a safe natural antioxidant and a
promising phytopharmaceutical candidate.

The present study provides additional scientific evidence regarding the biological activity and safety
profile of robusta coffee leaves, a plant material that has received considerably less attention than coffee beans
despite its rich phytochemical composition. While previous studies have primarily focused on the antioxidant
activity of robusta coffee leaves or their cytotoxic effects against cancer cell lines [6,17], information regarding
their safety toward normal mammalian cells remains limited. The findings of this study demonstrate that the
ethanol extract of robusta coffee leaves exhibits very strong antioxidant activity while maintaining low
cytotoxicity toward Vero cells. This combination of biological efficacy and cellular safety is an important
consideration in the development of phytopharmaceutical products and complementary therapeutic agents.
Overall, the results suggest that robusta coffee leaves may serve as a promising source of natural bioactive
compounds for the prevention of oxidative stress-related disorders and warrant further investigation through
compound isolation, mechanistic studies, and in vivo evaluations to support their future development as
phytopharmaceutical products [2,4].

Conclusions

The present study demonstrated that the ethanol extract of robusta coffee leaves possesses very strong
antioxidant activity and low toxicity toward normal mammalian cells. The extract exhibited a low antioxidant
ICso value and maintained high Vero cell viability across all tested concentrations, indicating that its free
radical scavenging activity was not accompanied by cytotoxic effects. A significant negative correlation was
observed between antioxidant activity and Vero cell viability (r = -0.93, p = 0.024), indicating a potential
association between the extract's antioxidant properties and cellular response. However, this finding should
be interpreted cautiously due to the limited number of concentration points evaluated (n = 5), and further
studies with a broader concentration range and independent replicates are needed to validate this relationship.
Overall, this findings provide scientific evidence supporting the safety and potential utilization of robusta
coffee leaves as a source of natural antioxidant compounds. These findings suggest that the ethanol extract of
robusta coffee leaves is a promising source of natural antioxidant compounds. Nevertheless, further
investigations involving active compound isolation, in vivo studies, and chronic toxicity evaluations are
necessary before its potential as a phytopharmaceutical candidate can be fully established.

Conflict of Interest

The authors declare no conflict of interest regarding the publication of this article.

References

[1] Maxiselly Y, Anusornwanit P, Rugkong A, Chiarawipa R, Chanjula P. Morpho-Physiological Traits,
Phytochemical Composition, and Antioxidant Activity of Canephora Coffee Leaves at Various Stages.
International Journal of Plant Biology 2022;13:106-14. https://doi.org/10.3390/ijpb13020011.

[2] Widianingsih M. Daun dan Kulit Buah Kopi Robusta (Coffea canephora Pierre ex A . Froehner) Sebagai
Sumber Senyawa Bioaktif untuk Aplikasi Farmakologi. Borneo Journal Of Biology Education
2025;7:140-8.

[3] Widianingsih M, Aini YA. In Vitro Study: Antifungal Activity of Coffea canephora Peel and Leaf
Extracts Against Candida albicans. Journal of Pharmaceutical and Sciences 2026;9:1168-76.
https://doi.org/https://doi.org/10.36490/journal-jps.com.v9i2.1456.

[4] Widianingsih M. A Review: Analysis Of Bioactive Compounds In Robusta Coffee Leaves (Coffea
canephora Pierre ex A.Froehner). Jurnal Farmasi Malahayati 2025;8:382-92.

[5] Putri YN, Nasution MA, Ridwanto, Daulay AS. Determination of Total Phenolic Content of Ethanol
Extract, Ethyl Acetate and N-Hexsan Fraction of Robusta Coffe Leaves (Coffea canephora Pierre ex A.
Froehner) using Uv-Vis Spectrofotomegtry Method. Journal of Pharmaceutical and Sciencies
2023;6:1709-16.

2220
~ Electronic ISSN : 2656-3088

Ps Homepage: https://www journal-jps.com



(10]

(11]

(12]

(13]

(14]

(13]

[16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

Journal of Pharmaceutical and Sciences 2026; 9(3), (e1624)- https://doi.org/10.36490/journal-jps.com.v9i3.1624

Welis W, Ayubi N, Khairuddin, Darni, Komaini A, Rifki MS. Coffea Robusta Leaves Potentially
Prevents Post-Exercise Oxidative Stress. ] Biol Regul Homeost Agents 2022;36:927-30.
https://doi.org/10.23812/j.biol.regul.homeost.agents.20223604.103.

Virginia J, Igbal M, Triyandi R, Andrifianie F. Aktivitas Farmakologi Tanaman Kopi Robusta (Coffee
canephora). Medula 2024;14:617.

Yosboonruang A, Ontawong A, Thapmamang J, Duangjai A. Antibacterial Activity of Coffea robusta
Leaf Extract against Foodborne Pathogens. ] Microbiol Biotechnol 2022;32:1003-10.
https://doi.org/https://doi.org/10.4014/jmb.2204.04003 Review Antibacterial.

Chaudhary P, Janmeda P, Docea AO, Yeskaliyeva B, Abdull Razis AF, Modu B, et al. Oxidative stress,
free radicals and antioxidants: potential crosstalk in the pathophysiology of human diseases. Front
Chem 2023;11:1-24. https://doi.org/10.3389/fchem.2023.1158198.

Sirin S, Nigdelioglu Dolanbay S, Aslim B. Role of plant derived alkaloids as antioxidant agents for
neurodegenerative diseases. Health Sciences Review 2023;6:100071.
https://doi.org/10.1016/j.hsr.2022.100071.

Pooja G, Shweta S, Patel P. Oxidative stress and free radicals in disease pathogenesis: a review.
Discover Medicine 2025;2. https://doi.org/10.1007/s44337-025-00303-y.

Nakadate K, Ito N, Kawakami K, Yamazaki N. Anti-Inflammatory Actions of Plant-Derived
Compounds and Prevention of Chronic Diseases: From Molecular Mechanisms to Applications. Int ]
Mol Sci 2025;26:1-24. https://doi.org/10.3390/ijms26115206.

Elfowiris A, Banigesh A. Evaluation of Antioxidant Therapeutic Value of ACE Inhibitor as Adjunct
Therapy on Type 2 Diabetes Mellitus Patients with Cardiovascular Disease. ACS Pharmacol Transl Sci
2022;5:413-8. https://doi.org/10.1021/acsptsci.1c00269.

Budiati T, Afianda GD. Uji efek sitotoksisitas pada daun tanaman herbal terhadap sel vero. JOFE
2025;4:1-10. https://doi.org/10.25047 /jofe.v4i1.5308.

Khairani IA, Arliani H, Anisa N, Mulyana JS, Riana EN, Dian W, et al. Phytochemical Analysis ,
Antioxidant And Antibacterial Activity Of Robusta Coffee (Coffea canephora) Extract From West
Lampung Introduction Coffee (Coffea sp.) is one of the plantation commodities that has an important
role in economic activities in I. Elkawnie: Journal of Islamic Science and Technology 2025;11:1-16.
https://doi.org/10.22373/ekw.v11i1.26200.

Gavanji S, Bakhtari A, Famurewa AC, Othman EM. Cytotoxic Activity of Herbal Medicines as Assessed
in Vitro: A Review. Chem Biodivers 2023;20:19-27. https://doi.org/10.1002/cbdv.202201098.

Utami NF, Elya B, Hayun H, Kusmardi K. Quantification of Active Compounds from Coffea canephora
Pierre ex A.Froehner cascara and their Potential Against MCF-7 and HeLa. Pharmacognosy Journal
2024;16:509-18. https://doi.org/10.5530/pj.2024.16.82.

Rahmaswari DNSR, Paramita NKWC, Putra GED, Burhannuddin, Dharmawati IGAA, Ciptasari
NMA, et al. Doratea: Anti-Cancer Tea From Robusta Coffee Leaves (Coffea canephora L.) and Stevia
Leaves (Stevia rebaudiana). Internasional Conference on Multidisciplinary Approaches in Health
Science 2024;2:497-503.

Rani M, Ranjan A, Ranjan R, Kumar R, Kumar V, Singh M. Phytochemical analysis and in-vitro
cytotoxicity study of some ethanomedicinal plant extracts on vero cell lines. International Journal of
Advanced Biochemistry Research 2025;9:291-6. https://doi.org/10.33545/26174693.2025.v9.i7sd.4823.
The Angiosperm Phylogeny Group*. An update of the Angiosperm Phylogeny Group classification for
the orders and families of flowering plants: APG II. Botanical Journal of the Linnean Society
2003;141:399-436. https://doi.org/10.1046/j.1095-8339.2003.t01-1-00158.x.

Kurnia S, Ropalia, Zasari M. Karakterisasi Morfologi Tanaman Kopi Rakyat di Pulau Bangka
(Morphological Characterization of Small Holder Plantations in Bangka Island). Jurnal Agro Industri
Perkebunan 2023;11:115-32.

Widayanti E, Mar’ah Qonita J, Ikayanti R, Sabila N. Pengaruh Metode Pengeringan terhadap Kadar
Flavonoid Total pada Daun Jinten (Coleus amboinicus Lour). Indonesian Journal of Pharmaceutical
Education 2023;3:219-25. https://doi.org/10.37311/ijpe.v3i2.19787.

Halimatussa’diyah, Masaenah E, Putri DA. Pengujian Aktivitas Antioksidan Pada Ekstrak Etanol
Daun Afrika (Gymnanthemum amygdalinum Del.) Dengan Metode Dpph Terhadap Sediaan Sabun
Mandi Cair. Jurnal Farmamedika (Pharmamedica Jurnal) 2024;9:88-96.

2221
Electronic ISSN : 2656-3088

ps Homepage: https://www journal-jps.com



(24]

(23]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

Journal of Pharmaceutical and Sciences 2026; 9(3), (e1624)- https://doi.org/10.36490/journal-jps.com.v9i3.1624

Novita RR, Daskar A, Suswidiantoro V, Rosanti AS. Formulasi dan Uji Aktivitas Antioksidan Sediaan
Sabun Cair Ekstrak Daun Pepaya (Carica papaya L.) Menggunakan Metode DPPH (2,2-Diphenyl-1-
Picrylhydrazyl). Journal of Innovative and Creativity 2025;5:24613-27.

Baliyan S, Mukherjee R, Priyadarshini A, Vibhuti A, Gupta A, Pandey RP, et al. Determination of
Antioxidants by DPPH Radical Scavenging Activity and Quantitative Phytochemical Analysis of Ficus
religiosa. Molecules 2022;27:1-19. https://doi.org/10.3390/molecules27041326.

Maulidia A, Wijayanti S, Mustamin F. Uji Aktivitas Antioksidan Ekstrak Etanol Pada Biji Buah Terap
(Artocarpus odoratissimus) menggunakan Metode DPPH. Jurnal Farmasimed (JFM) 2024;7:73-80.
Kurniawan H, Muharini R. Cytotoxic Activity and Apoptotic Induction of Dicloromethane Fraction
Nauclea subdita on WiDr Colon Cancer Cell. Biology, Medicine, & Natural Product Chemistry Volume
2026;15:285-92. https://doi.org/10.14421/biomedich.2026.151.285-292.

Al Baloushi KSY, Senthilkumar A, Kandhan K, Subramanian R, Kizhakkayil ], Ramachandran T, et al.
Green Synthesis and Characterization of Silver Nanoparticles Using Moringa Peregrina and Their
Toxicity on MCF-7 and Caco-2 Human Cancer Cells. Int J] Nanomedicine 2024;19:3891-905.
https://doi.org/10.2147/]JN.5451694.

Nhan TT. Free Radicals And The Scavenging Capacity Of Vitamin C (Ascorbic Acid). Int ] Environ Sci
2025;11:297-301.

Niu ], Li M, Wang Y. Cell Proliferation and Cytotoxicity Assays, The Fundamentals for Drug
Discovery. International Journal of Drug Discovery and Pharmacology 2024;3:1-10.
https://doi.org/10.53941/ijddp.2024.100013.

Asma ST, Acaroz U, Imre K, Morar A, Shah SRA, Hussain SZ, et al. Natural Products/Bioactive
Compounds as a  Source of  Anticancer Drugs. Cancers (Basel) 2022;14.
https://doi.org/10.3390/cancers14246203.

Kciuk M, Gielecinska A, Mujwar S, Kotat D, Katuzinska-Kotat 7, Celik I, et al. Doxorubicin— An Agent
with Multiple Mechanisms of Anticancer Activity. Cells 2023;12:26-32.
https://doi.org/10.3390/cells12040659.

Nguyen V, Taine EG, Meng D, Cui T, Tan W. Chlorogenic Acid: A Systematic Review on the Biological
Functions, Mechanistic Actions, and Therapeutic Potentials. Nutrients 2024;16.
https://doi.org/10.3390/nu16070924.

Rao M]J, Zheng B. The Role of Polyphenols in Abiotic Stress Tolerance and Their Antioxidant Properties
to Scavenge Reactive Oxygen Species and Free Radicals. Antioxidants 2025;14.
https://doi.org/10.3390/antiox14010074.

Kok O, Emsen B, Surmen B. Screening of in vitro cytotoxicity and antioxidant potential of selected
endemic plants in Turkey. Journal of Taibah University for Science 2023;17.
https://doi.org/10.1080/16583655.2023.2217369.

2222
~ Electronic ISSN : 2656-3088

Ps Homepage: https://www journal-jps.com



