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Abstract

Background: Biduri is recognized for its medicinal properties,
particularly in wound healing. The active compounds influence the
number of fibroblast cells, which play a role in wound healing. Research
on the bioviability of biduri leaf extract has never been conducted, so in
vitro testing is necessary to determine the ability of biduri leaf extract to
influence fibroblast cells.

Objective: To assess the effect of Biduri leaf extract on the viability of
BHK-21 fibroblast cells in vitro.

Methods: This experiment used a posttest-only group Design with an
MITT assay to assess the viability of BHK-21 fibroblast cells after exposure
to different concentrations of Biduri leaf extract. The study employed four
treatment groups with varying extract concentrations and used one-way
ANOVA followed by an LSD test to analyze the proportion of living cells
statistically.

Results: The viability percentages of fibroblast cells varied with the
concentration of Biduri leaf extract. The highest viability was observed at
5% concentration (80.82%), while the lowest was at 20% concentration
(60.25%). A one-way ANOVA test was used to analyze the data, and
differences were considered statistically significant at p < 0.05..
Conclusions: The highest viability was observed at 5%, while the lowest
was at 20% concentration. All treatment groups had cell viability above
60%, indicating that the Biduri extract is generally biocompatible with
fibroblast cell culture.
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INTRODUCTION

Oral health significantly impacts overall quality of life, as dental and oral diseases
often lead to pain, inflammation, and tissue damage. Wounds in the oral cavity can arise
from various factors, including poorly fitting dentures, sharp edges of teeth, extremely hot
food and beverages, or even vigorous brushing with a stiff toothbrush. These wounds can
result in painful ulcers, leading to pain and discomfort, significantly impacting the patient’s
daily life (1). In response to such injuries, the body initiates a physiological wound-healing
process. This involves complex events, including inflammation, tissue formation, and
remodeling, which are essential for restoring oral integrity and function (2). Understanding
this process is crucial for developing effective strategies to prevent and manage oral
wounds, ultimately enhancing oral health and overall well-being.

The wound healing process consists of various complex processes to restore tissue
integrity. Wound healing is a biocellular activity that occurs sequentially and is influenced
by many intrinsic and extrinsic factors (3). One plant that shows promise as a medicinal and
wound-healing agent is biduri (Calotropis gigantea L). This wild plant is particularly
notable for its resilience, as it reproduces rapidly, making it difficult to eradicate (4).

Biduri is known to have analgesic, antimicrobial, antioxidant, anti-inflammatory,
anti-carcinogenic, and procoagulant properties. The chemical content of biduri is spread
throughout the plant, in the leaves, flowers, sap, and root bark. Phytochemical analyses
have identified various compounds in biduri, such as cardiac glycosides, flavonoids,
terpenoids, alkaloids, tannins, steroids, and resins (5,6).

A plant can have potential as a medicine because there is a secondary metabolite
process. Plants produce secondary metabolites that vary in structure, function, and content
(7). Secondary metabolites in plants function as antibacterials, antivirals, and anti-
inflammatories (8).

Fibroblasts are the most common cell type in the body, making them easy to obtain
from various tissues. Fibroblasts are often chosen for studies because they are readily
available, easy to culture, and vital to tissue structure and repair. The MTT assay measures
cell viability because it is a simple, colorimetric method that reflects metabolic activity in
living cells.

This research is necessary to determine biocompatible Biduri leaf concentrations for
wound healing. Materials in dentistry that are applied in the oral cavity must be
biocompatible, which means the body can accept them, they are not irritating, are not
cariogenic, do not cause allergic reactions, and are not toxic. The viability test in cell culture
is one of the in vitro biocompatibility tests that can be used and meets standards according
to ethical, practical, and economic factors.

MATERIALS AND METHODS

The research is an experimental laboratory with a post-test only control group
design. Collecting biduri leaves was carried out at Watu Ulo Beach, Jember. The collection
process was carried out in the morning, selecting leaves that were intact, good, and green
in color.
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Preparation of leaf extract; 2 kg of leaves were washed and cut into small pieces,
dried for 2 days at room temperature, away from direct sunlight, then oven-dried at 40°C
for 24 hours. Dried leaves were blended and sieved through an 80-mesh sieve to obtain a
fine powder. Fine powder was macerated with 70% ethanol for 3 days, stirring every 24
hours. Furthermore, concentrate the solution using a rotary evaporator at 50 °C and 90 rpm.
Cell culture: Utilized the BHK-21 fibroblast cell line for further experimentation.

Four groups with four replications for the MTT (3- (4,5 4,5-dimethylthiazol) 2-yl)-2,5
2,5-diphenyltetrazolium bromide) Assay test technique for cell culture. The cell culture's
optical density value is determined using an ELISA Reader, and the proportion of living
cells is computed following a microscope examination.

Baby Hamster Kidney-21 (BHK-21) fibroblast cell culture was prepared with RPMI-
1640 culture media with fetal bovine serum in a Roux culture bottle and incubated at 37 °C
and 5% CO2 for 2 days. After forming a monolayer of fibroblast cells, the cells are
transferred to the MTT Assay microplate. Add 50 pL of serum-free media and 50 pL of MTT
solution into each well. Incubate the plate at 37°C for 3 hours. After incubation, add 150 uL
of MTT solvent into each well. Elisa Reader readings use a wavelength of 620 nm. The
research data in the form of OD (optical density) values are then entered into a formula to
obtain the percentage of living cells.

From the microplate, the following divisions are carried out: (1) Media Group
(culture media), (2) Control Group (culture media and fibrobalast Cells), (3) Group P1
(culture media, fibroblast cells, 5% v/v biduri leaf extract), (4) Group P2 (culture media,
fibroblast cells, 10% v/v biduri leaf extract), (5) Group P3 (culture media, fibroblast cells,
15% v /v biduri extract), (6) Group P4 (culture media, fibroblast cells, 20% v/v biduri leaf
extract).

The data were analyzed using SPSS with significance (a = 0.05). The normality test
used the Shapiro-Wilk and the homogeneity test with the Levene test. The parametric One-
way ANOVA and Least Significant Difference (LSD) tests are used.

RESULTS AND DISCUSSIONS

Based on Table 1, the highest viability is at 5% concentration with 80.82%, and the
lowest is at 20% concentration with 61.25%. The following table data is presented as a graph
in Figure 1.
Table 1. Viability of Biduri leaf extract against BHK-21 fibroblast cell culture

Concentration % Viability cell

Control 100
5% 80.82
10% 74.16
15% 65.83
20% 61.25
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Figure 1. Graphic of viability cell in various concentrations of Biduri leaf extract

Observations were also made on fibroblast cell cultures. The fibroblasts have characteristic
morphological features, including an elongated spindle shape and round to oval cell nuclei.
Fibroblast cell culture has characteristics of branched cytoplasm surrounding an oval-shaped

nucleus with one or two nucleoli.

Figure 2. BHK-21 (Baby Hamster Kidney—2) fibroblast cell culture

Data analysis showed that the data was normally distributed and homogeneous with a
significance value (p> 0.05). The data was continued to the ANOVA test with a significance value
of 0.00 (p<0.05). This shows differences between the concentration variations of the treatment
groups.

This research used biduri leaves that grow abundantly in the coastal areas of Jember to raise
the local potential of natural materials in the Jember area. Biduri plants are abundant in Watu Ulo
Beach and its surroundings. Based on previous research, according to the results of phytochemical
screening, Calotropis gigantea's leaves, flowers, sap, and root bark include phenol, tannin, and

steroids. Whereas flavonoids are exclusively present in leaves and flowers, saponins are present in
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both leaves and sap. Compared to flowers, leaves have a higher overall flavonoid concentration. As
a result, selected leaves, which have the maximum flavonoid concentration, were investigated (9).

Biduri leaves are then made into simplicia and extracted with 70% ethanol. Based on a study
by Suhaenah et al, which compared ethanol solvents of 50%, 70%, and 96 % in biduri extraction, good
results were obtained using 70% ethanol because it is polar, so the active compounds obtained are
higher (10). This is the basis for maceration with 70% ethanol. After the maceration process with
ethanol, the filtrate is filtered to obtain a liquid extract of Biduri leaves. The liquid extract was then
concentrated using a rotary evaporator and evaporated to achieve a stable extract weight.

This research is an experimental laboratory study to determine the viability of fibroblast cell
culture at specific concentrations. In this study, biduri leaf extract was tested with MTT (3-(4,5-
Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide) assay at concentrations of 5%, 10%, 15%,
20% against Baby Hamster Kidney-21 (BHK-21) fibroblast cells. BHK-21 cell culture is used because
fibroblast cells are the most critical and significant components of the pulp, periodontal ligament,
and gingiva (11,12).

Viability or toxicity testing is a formal requirement in drug development. Cell-based toxicity
models have the best potential to reliably predict drug toxicity in humans, as they are developed
using the cells of the target organism (13). Based on the study's results, the viability value decreased
with increasing concentration of biduri leaf extract. The lowest cell viability was at a concentration
of 20%, at 61.25%. All treatments were biocompatible with fibroblast cells because they met the
requirements to be called biocompatible (living cells > 60%). This shows that the content of active
ingredients and nutrients in biduri leaf extract does not interfere with the biological function of
fibroblast cells.

Proliferation of fibroblast cells is an effort to improve or accelerate wound healing. Fibroblasts
have many roles in the wound healing process, one of which is as a cellular component that plays a
role in the coagulation process and inflammation, such as producing fibril components. Fibroblasts
also play a role in producing defensins and cathelicidins, which are amphipathic and antimicrobial
peptides. Fibroblasts also produce growth factors such as Fibroblast growth factor (FGF),
Transforming growth factor p (TGFp £5), and Platelet-derived growth factor (PDGF). Fibroblasts are
the primary source of dermal substitutes by producing many structural components of the

extracellular matrix (ECM) such as collagen, elastin, laminin, and glycosaminoglycans (14,15). Biduri
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leaf extract maintains cell viability due to the content of active ingredients such as flavonoids and
alkaloids. Flavanoids are polyphenol compounds in plants that exhibit potent antioxidant and
biological properties related to their chemical structure, confer an excellent radical scavenging
ability (16).

Antioxidants can help cell viability by holding back reactive oxygen species (ROS) so that
they do not interfere with the cell cycle, and antioxidants can promote cells to enter the S phase in
the cell cycle. The generation of ROS and antioxidant defense systems must be balanced for cellular
health (17). Oxidative stress can cause cycle arrest in the G1 phase and induce apoptosis or return to
the next phase if the oxidant level is controlled (18,19)

Common flavonoids have antibacterial, antioxidant, and anti-inflammatory properties, which
advance wound healing and have anti-scar properties by interfering with the transmission of key
signaling pathways involved in scar formation (20). The utilization of cancer prevention agents, such
as most flavonoids, is believed to hasten wound healing and recovery by decreasing oxidative stress
within the wound (21).

The ability of flavonoids to maintain cell viability is supported by the theory that
flavonoids can activate calcium in the mitochondria, which makes cells able to produce ATP so that
they can survive (22). In addition to flavonoids, there are alkaloid compounds that have the potential
to heal wounds by playing a role in the collagenase process, matrix formation, and fibroblast
proliferation (23).

The decrease in cell viability in the treatment group can be caused by the formation of purple
formazan by tetrazolium salts, which refers to metabolically active cells. The metabolic activity of
each cell is different. Sometimes, living cells are found and show metabolic activity, but only a little
or even no proliferation. Two main processes can lead to a decrease in the number of viable cells:
either real cell death (cytotoxic impact) or suppression of cell metabolism and/or proliferation

(cytostatic effect) (24).

CLINICAL IMPLICATION

Biduri leaf extract demonstrates biocompatibility across all tested concentrations,
making it a promising candidate for further research in wound-healing applications.
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LIMITATIONS
The limitation of this research is the lack of variation in concentrations that can
increase fibroblast cell proliferation, so that the wound healing process becomes faster.

CONCLUSIONS

The highest viability percentage was at a biduri extract concentration of 5%, and the
lowest was at a concentration of 20%. All treatment groups had cell viability above 60%,
indicating that the Biduri extract is generally biocompatible with fibroblast cell culture.

CONFLICT OF INTEREST

The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict of
interest.

AUTOR CONTRIBUTIONS

Conceptualization, S.S., P.A and ZM; methodology, S.S, A.W.S.D; software, A.W.S.D
and S.S; formal analysis, Z.M and A.W.5.D; writing the original draft, S.S, writing the review
and editing, P.A, Z.M, SS.

ACKNOWLEDGMENTS

This research was funded by the Research and Community Service Group Grant,
Institute for Research and Community Service (LP2M), Universitas Jember. According to
the authors, none of the parties engaged in this study have any conflicts of interest.

REFERENCES

1. Pan Z, Zhang X, Xie W, Cui J, Wang Y, Zhang B, Du L, Zhai W, Sun H, Li Y, Li D.
Revisited and innovative perspectives of oral ulcer: from biological specificity to local
treatment. Front Bioeng Biotechnol, vol22, no.12, p.1335377, 2024. doi:
10.3389/fbioe.2024.1335377

2. Wardhani IGAAK, Udayani NNW, Suari IGAAD. Efektivitas Salep Ekstrak Etil Asetat
Daun Gliricidia Sepium (Jacq.) Walp. terhadap Penyembuhan Luka Sayat pada Tikus
Putih Jantan. Jurnal Ilmiah Medicamento, vol.7, no.2, pp.102-107, 2021.

3. Nurbaiti, Ramdani AF, Fitriani H. Efektivitas Ekstrak Daun Patikan Kebo (Euphorbia
hirta L.) Dibandingkan dengan Povidone Iodine 10% terhadap Ketebalan Epitelisasi
pada Luka Insisi Tikus Putih Jantan. Tunas Medika: Jurnal Kedokteran dan Kesehatan,
vol4, no.1, pp.52-59, 2018

4. Novyanti Y, Mulyani E, Ramdani IA. Identifikasi dan Penetapan Kadar Senyawa
Saponin dari Ekstrak Etanol Bunga Biduri (Calotropis gigantea L) dengan Metode
Gravimetri. Jurnal Ilmiah Pharmacy, vol.8, no.1, pp.136-147, 2021.

June Edition 2025 83



Setyaningsih S, et.al. e-ISSN: 2549-1520, p-ISSN: 2338- 1159

10.

11.

12.

13.

14.

15.

16.

17.

18.

Pophale SP, Mokle AM, Sanap G. Review Article on Calotropis Gigantea. International
Journal of Creative Research Though (IJCRT), vol.11, no.3, pp.566-587, 2023.

Faradilla M, dan Hilda M. Potensi Biduri (Calotropis gigantean L. W.T. Aiton) sebagai
Tanaman Obat. Jurnal Ilmu Kefarmasian Indonesia, vol.17, no.2, pp.246 - 250, 2019.
Wardani YK, Kristiani EBE dan Sucahyo. Korelasi antara Aktivitas Antioksidan dengan
Kandungan Senyawa Fenolik dan Lokasi Tumbuh Tanaman Celosia argentea Linn.
Bioma, vol.22, no.2, pp.136-142, 2022.

Abotaleb M, Samuel SM, Varghese E, Varghese S, Kubatka P, Liskov A & Biisselberg D.
Flavonoids in Cancer and Apoptosis. Cancers, vol.11, no.1, 2019.

Pudji A, Meilawaty Z, Dharmayanti AWS, Setyaningsih S. Penapisan Fitokimia dan
Kandungan Flavonoid Total Tanaman Calotropis gigantea: Studi Eksperimental
Laboratoris. ] Ked Gi, vol.35, no.2, pp.166-171, 2023

Suhaenah A. Pengaruh Variasi Konsentrasi Cairan Penyari Etanol terhadap Kadar
Polifenol pada Daun Biduri (Calotropis gigantea L.). As-Syifaa, vol.8, no.2, pp.10-19,
2016.

Meilena T, Fabiansyah JC, Djulaeha E, Hidayati HE. Toxicity Test on Taro Leaf Extract
(Colocasia Esculenta L. Schoot) as Mouthwash to BHK-21 Fibroblast Cell Culture in
Denture Users. Indonesian Journal of Dental Medicine, vol.1, no.1, pp.35-39, 2018.
Sartori R, Leme ], Caricati CP, Tonso A, Nanez EGF. Model Comparison to Describe
BHK-21 Cell Growth and Metabolism in Stirred Tank Bioreactors Operated in Batch
Mode. Brazilian Journal of Chemical Engineering, vol.35, no.2, pp.441-458, 2018
Madorran E, Stozer A, Bevc S, Maver U. In Vitro Toxicity Model: Upgrades to Bridge
the Gap between Preclinical and Clinical Research. Bosn ] Basic Med Sci, vol.20, no.2,
pp-157-168, 2020

Tottoli EM, Rosella D, Ida G, Enrica C, Silvia P, Bice C. Skin Wound Healing Process
and New Emerging Technologies for Skin Wound Care and Regeneration. MDPI
Pharmaceutics, vol.12, no.735, pp.1-30, 2020

Sul,LiX, WuX, Hui B, Han S, Gao J, Li Y, Shi J, Zhu H, Zhao B., et al. Simultaneous
Deactivation of FAK and Src Improves the Pathology of Hypertrophic Scar. Sci. Rep,
vol. 6, pp.1-13, 2016

Rodriguez-Arce E, Saldias M. Antioxidant properties of flavonoid metal complexes and
their potential inclusion in the development of novel strategies for the treatment against
neurodegenerative diseases. Biomedicine & Pharmacotherapy, vol.143, p.112236, 2021
Kozlov AV, Javadov S, Sommer N. Cellular ROS and Antioxidants: Physiological and
Pathological Role. Antioxidants (Basel), vol.13, no.5, p.602, 2024.

Kluska M, Piastowska-Ciesielska AW, Tokarz P. Cell Cycle Status Influences Resistance
to Apoptosis Induced by Oxidative Stress in Human Breast Cancer Cells, Which Is
Accompanied by Modulation of Autophagy. Curr. Issues Mol. Biol, vol.45, no.8, pp.
6325-6338, 202

June Edition 2025 84



Setyaningsih S, et.al. e-ISSN: 2549-1520, p-ISSN: 2338- 1159

19.

20.

21.

22.

23.

24.

Sangani R, Periyasamy T, Pathania R, Ahmad S, Kutiyanawalla A, Kolhe R, et al. The
Crucial Role of Vitamin C and Its Transporter SCVT2 in Bone Marrow Stromal Cell
Autophagy and Apoptosis. Stem Cell Research, vol.15, no.2, pp. 312-321, 2015

Zhang M, Chen X, Zhang Y, Zhao X, Zhao J, Wang X. 2022. The Potential of
Functionalized Dressing Releasing Flavonoids Facilitates Scar-Free Healing. Front Med
(Lausanne), vol.3, no.9, p.978120, 2022

Bolton JL, Dunlap T. Formation and Biological Targets of Quinones: Cytotoxic Versus
Cytoprotective Effects. Chem. Res. Toxicol, vol.30, pp.13-37, 2017

Bermont F, Hermant A, Benninga R, Chabert C, Jacot G, Santo-Domingo ], Kraus MRC,
Feige JN, De Marchi U. Targeting Mitochondrial Calcium Uptake with the Natural
Flavonol Kaempferol, to Promote Metabolism/Secretion Coupling in Pancreatic p-cells.
Nutrients, vol.12, no.2, pp.538, 2020

Mahibalan S, Maria S, Rohan TN, Rukaiyya K, Sajeli B. Dermal Wound Healing Potency
of Single Alkaloid (betaine) Versus Standardized Crude Alkaloid Enriched-Ointment of
Evolvulus Alsinoides. Pharmaceutical Biology, vol.54, no.12, pp. 2851-2856, 2016
Sazonova EV, Chesnokov MS, Zhivotovsky B. et al. Drug Toxicity Assessment: Cell
Proliferation Versus Cell Death. Cell Death Discov, vol. 8, p. 417, 2022

June Edition 2025 85



