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Abstract
BACKGROUND: Keloid is a benign fibroproliferative dermal disorder as a result of dysregulation wound healing 
process in susceptible individuals. The pathogenesis is not clearly known yet, but upregulation of transforming growth 
factor-β1 (TGF-β1) was found to have a significant role in inducing hyperproliferation of fibroblast cells. Roselle 
(Hibiscus sabdariffa L.) flower extract has been found to have high content of polyphenols. Some studies have 
shown inhibition effect of H. sabdariffa polyphenols extract on TGF-β1, and as result affects fibroblast proliferation. 
Therefore, roselle flower extract might have a significant role in the prevention of keloid formation.

AIM: The objective of the study was to determine the effect of roselle flower extract on fibroblast cells proliferation 
in human keloid.

METHODS: An experimental controlled trial of 10 different concentrations (1.96 μg/ml, 3.91 μg/ml, 7.81 μg/ml, 
15.63 μg/ml, 31.25 μg/ml, 62.50 μg/ml, 125 μg/ml, 250 μg/ml, 500 μg/ml, and 1000 μg/ml) of roselle (H. sabdariffa L.) 
flower extract was done on cultured fibroblast cells originated from human keloid biopsied tissue. Tunnel assay was 
done to evaluate the apoptosis rate of the cultured fibroblast cells on each concentration. Determination of TGF-β1 
titer of the cultured human keloid fibroblast cells in and cytotoxicity assay of the extract on cultured normal human 
fibroblast cells in each concentration were done with enzyme-linked immunosorbent assay method. All the assays 
were done in triple repetition. Statistical analysis using linear regression test was done to determine the association 
between the concentration of roselle flower extract with apoptosis rate and TGF-β1 titer. One-way ANOVA was used 
to analyze the results of cytotoxicity assay.

RESULTS: Apoptosis rate of the cultured fibroblast cells was found to be increased dose dependently with roselle 
flower extract concentration (r2 = 0.797; p < 0.05). TGF-β1 titer was inversely related with the extract concentration 
(r2 = 0.501; p < 0.05). Cytotoxicity assay revealed that no differences in absorbance value and viability cells were 
found in each concentration.

CONCLUSION: Roselle (H. sabdariffa L.) flower extract was found to induce apoptosis of the cultured fibroblast cells 
and reduction of TGF-β1 titer in dose-dependent pattern, without cytotoxicity effect against human fibroblast cells.
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Introduction

Keloids are defined as raised fibrous scars 
that overgrow the boundaries of the original wound. 
Its name originated from Greek word “cheloides” 
which means crab [1]. Patients can experience pain 
and itchiness, also cosmetic aspect that greatly affect 
quality of life of keloid patient [2]. Keloid is thought to 
be caused by imbalance between increase synthesis 
of collagen and extracellular matrix with decreased 
degradation of these components. There is increased 
activity of fibroblast, which results from upregulation of 
transforming growth factor-β1 (TGF-β1) and TGF-β2 
with decreased expression TGF-β3. TGF-β1 has also 
known to increase tissue inhibitors of metalloproteinases 
and decrease matrix metalloproteinases. Vascular 
endothelial growth factor (VEGF) and platelet-
derived growth factor (PDGF) are also contributes in 

increase collagen production  [3]. Treatment options 
of keloids are varied, including pressure therapy, 
silicone gel, intralesional injection (corticosteroid, 5-FU, 
methotrexate, and bleomycin), cryotherapy, laser, and 
surgical excision  [1]. However, successful therapy in 
keloids still remains challenging and no single effective 
modality has been proven yet. Therefore, more studies 
and development of new modalities are necessary.

Herbal medicine has been part of our society for 
centuries. Until now, only few studies have been done to 
explore the potential of natural resources in the treatment 
of keloid. Recently, roselle (Hibiscus sabdariffa L.) has 
become popular due to high anthocyanin content that 
found in the leaves, flowers, and fruits. This antioxidant 
is known to have liver protective effect and might play 
a role in the prevention of cancer and heart disease. 
According to Chang et al., Hibiscus anthocyanin can 
induce apoptosis of promyelocytic leukemia cells [4]. 
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Furthermore, Huang et al. also reported that anthocyanin 
can inhibit proliferation and migration of vascular smooth 
muscle cells, which involves connective tissue growth 
factor signaling pathway [5]. Therefore, this antioxidant 
might have potential effect on fibroblast proliferation. The 
aim of this study is to determine the effect of roselle flower 
extract on fibroblast proliferation and apoptosis in keloid.

Methods

This is an in vitro experimental study of roselle 
(H. sabdariffa L.) flower extract on human keloid 
fibroblast cultured cell. The flowers of identified and 
certified roselle plant by Indonesian Science Center 
were dried at 35°C for 5–7 days and mashed with 
blender into simplicia. Then, 200 g of the simplicia was 
soaked in ethanol 96% for 3 h, evaporated at 50°C, 
and freeze dried for 24 h to produce the roselle flower 
condensed extract. Human keloid tissue was excised 
and washed with sterile phosphate buffer saline (PBS). 
Then, it was cut into small pieces and put into Petri discs 
with PBS/Roswell Park Memorial Institute medium and 
gentamycin 2%. Dulbecco’s Modified Eagle’s Medium 
10% was added as culture media and put in CO2 
incubator at 37°C until the Petri discs full of cells that 
can be harvested and subcultured into flash.

Tunnel assay was done to detect apoptosis of 
the cultured fibroblast cells in different concentrations 
(1.96 μg/ml, 3.91 μg/ml, 7.81 μg/ml, 15.63 μg/ml, 
31.25  μg/ml, 62.50 μg/ml, 125 μg/ml, 250 μg/ml, 
500  μg/ml, and 1000 μg/ml) after incubated at 37°C 
for one night. All the mediums were carefully removed 
using PBS and the cells were fixated on slides using 
formaldehyde 4% in PBS with pH 7.4 at 4°C for 25 min 
then immersed in PBS for 5 min at room temperature for 
washing process with two repetitions. The slides then 
immersed in 0.2% Triton X-100 for 5 min and washed 
with PBS twice. After carefully dried, the slides were 
buffered and put under plastic cover with wet tissue 
paper underneath to maintain the humidity. The slides 
were inserted to humidified chamber and covered 
with aluminum foil, then incubated at 37°C for 60 min 
for tailing reaction. The reaction was stopped with 
immersion of the slide in 2 × SSC solution for 15 min 
in room temperature and washed with PBS 3 times for 
5 min. Then, staining process was done with propidium 
iodide 1 μg/mL for 15 min at room temperature in 
the dark and then washed with aquadest 3 times for 
5 min. The slides were carefully dried and sealed for 
fluorescence microscopic evaluation.

Enzyme-linked immunosorbent assay (ELISA) 
was done to evaluate TGF-β1 level of the cultured human 
keloid fibroblast after given roselle flowers extract. Ten 
series with different concentrations of the extract were 
added to supernates of the cultured fibroblast in 96 wells 

and diluted with 50 μL RD1-21 followed by incubation 
for 2 h at room temperature. Each well was aspirated 
and buffer washed, then 100 μL TGF-β1 conjugates 
were added and incubated for another 2 h at room 
temperature. Aspiration and buffer wash repeated before 
adding 100 μL substrate solution in each well followed 
by 30 min incubation at room temperature and covered 
from lights. Diluted hydrochloric acid solution was added 
to stop the reaction and ELISA reading with 450 nm 
wavelength followed to determine the TGF-β1 titer. 

Cytotoxicity assay was also done to determine 
viability of the cultured fibroblast cells in each 
concentration using ELISA. The fibroblast cells from 
normal human skin were cultured and 10 concentrations 
of roselle flower extract were added, then incubated for 
24 h. Dimethylthiazol diphenyltetrazolium in 5 mg/mL 
PBS was added to each well and followed with incubation 
for 4–6 h. Stopper solution (SDS 10% in HCL 0.1 M) 
was added overnight, and the absorbance results were 
read with 550 nm wavelength.

The assays were done in triple repetition and 
all documented data were statistically analyzed. Linear 
regression test was done to determine the relation 
between apoptosis of the cultured fibroblast cells and 
TGF-β1 titer with different concentration of roselle (H. 
sabdariffa L.) flower extract. One-way ANOVA test was 
done to analyze the differences of absorbance value in 
each concentration.

Results

Tunnel assay result revealed that the 
apoptosis rate of the cultured fibroblast cells from 
human keloid increased with higher concentration 
of roselle (H.  sabdariffa L.) flower extract (Table  1). 
Table  1: Association between the concentration of roselle 
(Hibiscus sabdariffa L.) flower extract with mean apoptosis rate 
and TGF-β1 titer of the cultured human keloid fibroblast cells
Concentration 
(μg/mL)

Mean apoptosis 
rate (%)

TGF-β1 titer 
(pg/mL)

Absorbance (OD) 
(Mean ± SD)

Cell 
viability (%)

Control 0 1072.54 1.019 ± 0.015 93.1
1.96 13.22 741.66 1.002 ± 0.0032 91.4
3.91 17.68 688.98 1.045 ± 0.007 89.4
7.81 20.43 637.69 0.970 ± 0.011 94.7
15.63 21.85 638.40 1.011 ± 0.051 90.2
31.25 26.17 622.94 1.022 ± 0.019 89.0
62.5 28.65 454.34 0.998 ± 0.018 91.6
125 40.68 353.88 0.984 ± 0.016 93.2
250 43.49 375.66 0.914 ± 0.021 99.2
500 58.32 378.47 0.874 ± 0.013 94.9
1000 71.69 190.20 0.826 ± 0.026 89.7
TGF-β1: Transforming growth factor-β1.

Linear regression test (Figure  1) also showed strong 
association between the increase of concentration of 
roselle (H. sabdariffa L.) flower extract and the elevation 
in apoptosis percentage of the cultured human keloid 
fibroblast cells (r2 = 0.797; p < 0.05).

ELISA evaluation revealed that TGF-β1 titer 
reduction was resulted by the increase in roselle 
(H. sabdariffa L.) flower extract concentration (Table 1). 
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In linear regression test (Figure 2), higher concentration 
of roselle flower extract is associated with lower TGF-
β1 titer (r2 = 0.501; p < 0.05). In cytotoxicity assay, 
mean viability of the normal human fibroblast cells 
was 92.33%. One-way ANOVA analysis showed that 
there were no differences in absorbance value of each 
concentrations. As result, roselle (H. sabdariffa  L.) 
flower extract did not show any cytotoxicity effect 
against human fibroblast cells.

Figure  2: Linear curve of the association of roselle (Hibiscus 
sabdariffa L.) flower extract concentration with TGF-β1 titer

Discussion

As a fibroproliferative disorder, dysregulation 
of wound healing pathway plays a crucial role in 
keloid with initiating activation of keloid fibroblasts and 
promotes extracellular matrix (ECM). Keloid fibroblasts 
are thought to be the main inductive cells which initially 
found highly infiltrating lesion tissue and subsequently 
mediate elevation of ECM deposition [6], [7]. Therefore, 
novel therapy targeting these pathogeneses is required 
to provide treatment option with better efficacy 
and successful rate. In this study, 10 escalating 

concentrations of roselle flower extract were tested 
on the cultured human fibroblast. Apoptosis rate of 
the keloid fibroblast cells was found to be increased 
in accordance with the extract concentration. High 
anthocyanin content in roselle flower extract is thought 
to play a significant role in inducing fibroblast apoptosis. 
In vitro studies have shown that anthocyanin-rich 
extracts exhibited pro-apoptotic effects in multiple 
cell types through both intrinsic (mitochondrial) and 
extrinsic (FAS) pathways [8]. In the treatment of cancer, 
anthocyanin has antitumor effect that inhibited cancer 
cell growth by targeting on receptor tyrosine kinases, 
such as epidermal growth factor receptor, PDGF 
receptor, and VEGF receptor. It also induces cancer 
cell apoptosis that mediated by ROS and JNK/p38-
MAPK [9]. In this study, we did not measure the level of 
anthocyanin content in our roselle flower extract.

In the past decades, TGF-β1 pathway is 
recognized as a pivotal inducer the progress of tissue 
fibrosis and an important growth factor. There is higher 
expression of TGF-β1 in hypertrophic scar and keloidal 
tissues that promote proliferation and differentiation 
of dermal fibroblast, also increased production of 
collagen [10]. A study showed that TGF-β1 production 
increases according to scar severity [11]. Subsequently, 
it becomes an important pharmacological target in 
keloids treatment, with successful antifibrotic strategies 
based on TGF-β signaling inhibition or elimination 
at various transduction steps. A study by Wang et al. 
showed promising result of TGF-β antagonist peptide in 
prevention and reduction of hypertrophic scar [12], [13]. 
In this study, TGF-β1 titer was found dose-dependently 
decrease with roselle (H. sabdariffa L.) flower extract. 
The previous study by Yang et al. also reported that 
H. sabdariffa polyphenol extract (HPE) exhibit reduction 
of TGF-β1 in renal of diabetic rats [14]. With these 
findings, it is confirmed that extract of H. sabdariffa 
L. flower extract has anti-TGF-β1 potential that might 
be useful keloid prevention and treatment.

Cytotoxicity assay in this study revealed that 
roselle flower extract has no toxicity effect on normal skin 
human fibroblast, with 89.7% viable cells in the extract 
concentration of 1000 μg/mL (1 mg/mL). In accordance 
with this result, Yang et al. also reported that cell 
viability was not significantly altered by 0.05–1 mg/mL 
of HPE. However, when the concentration increased 
to 5 mg/mL, only 20% of the cells were viable  [14]. 
Therefore, maximum concentration of 1 mg/mL is 
considered safe without any cytotoxicity effect.

This is the first study to acknowledge the 
effect of H. sabdariffa L. flower extract on human 
keloid fibroblast cells. With the promising effect of 
inducing fibroblast apoptosis and TGF-β1 reduction, 
the application of roselle flower extract might be able 
to provide good alternatives in the treatment of keloids.

Figure 1: Linear curve of the association of roselle (Hibiscus sabdariffa L.) 
flower extract concentration with percentage of apoptosis rate
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Conclusion

Roselle (H. sabdariffa L.) flower extract was 
found to induce apoptosis of the cultured fibroblast 
cells and reduction of TGF-β1 titer in dose-dependent 
pattern, without cytotoxicity effect against human 
fibroblast cells. With these promising effects, it has 
a great potential in the novel treatment strategies of 
keloids. Further studies are required to determine the 
efficacy of roselle flower extract in human keloid lesion 
either as therapy or prevention.

Data Availability

All the data used to support the findings of this 
study are available from the corresponding author on 
request.
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