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Introduction: Keloids are excessive fibroproliferative diseases that are caused by abnormal wound healing. The anti-proliferative
activity of Physalis angulata compounds has potential as a keloid therapeutic agent. This study aimed to observe the effects of
P. angulata on fibroblast viability and collagen type I, tissue inhibitor of metalloproteinase 1 (TIMP-1), and plasminogen activator
inhibitor 1 (PAI-1) levels in human keloid fibroblasts.

Methods: We conducted an experimental study of P. angulata ethanol extract on three primary human keloid fibroblast 3 passage
cultures with four replications. Fibroblast viability was measured using the MTT assay after incubation with 3, 5, and 10 pg/mL
P. angulata. Concentrations of P. angulata used to observe effects on TIMP-1, PAI-1, and collagen type I levels were 10%, 20%, 30%,
and 40% of inhibitory concentration 50 (ICso). The levels of collagen type I, TIMP-1, and PAI-1 were measured by ELISA. Mean
comparisons between multiple treatment groups were analyzed using one-way ANOVA followed by post-hoc analysis.

Results: The 10 ng/mL P. angulata group had significantly lower fibroblast viability than the control group (p<0.05) with an ICs, 6.3
png/mL. The collagen type I level of 10% ICsy (0.63 pg/mL) P. angulata group was lower than control (12.910 vs 47.866 ng/mL)
(»=0.042). Level of TIMP-1 in 40% ICsq (2.51 pg/mL) P. angulata group was lower than control (5.350 vs 9.972 ng/mL) (p=0.043).
There was no significant difference in the PAI-1 levels.

Conclusion: This study showed the inhibitory effect of 10 pg/mL P. angulata extract on keloid fibroblast viability, with an ICsq of 6.3
ug/mL. This study also showed collagen type-1 and TIMP-1 inhibition, but not PAI-1 inhibition, after P. angulate treatment.
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Introduction

Keloids are benign fibroproliferative tumors that arise because of an abnormal wound healing process. The incidence of
keloids varies depending on race. A retrospective study on the overall incidence of keloids after head or neck surgery
showed an incidence rate of 0.1% and 0.8% for White American and African Americans, respectively.' Keloid impairs
the quality of life by causing pain, itchiness, cosmetic impairment, and functional deformity. There is no single effective
keloid treatment because of the high recurrence rate.’
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Extracellular matrix degradation and deposition imbalance can cause abnormalities in the wound-healing process.
Extracellular matrix deposition in keloids is more prominent than ECM degradation. Enhancement of fibroblast activity
and collagen synthesis is involved in keloid pathogenesis. Keloid fibrous tissue can spread to the surrounding normal
skin. The ability of keloids to spread into adjacent normal skin is different from that of hypertrophic scars.’

Keloid fibroblast has faster proliferation rate and higher collagen type I production compared to normal fibroblast.*
Increase of human keloid fibroblast proliferation and differentiation induced by transforming growth factor  (TGF-B).
Collagen type I excessive accumulation is found in keloid tissue, which is induced by TGF-f. Percentage of collagen
type I in fibroblast keloid was 61% compared to 37% in preputium fibroblast.® Keloid fibroblast plasminogen activator
inhibitor 1 (PAI-1) expression was higher; Urokinase type plasminogen activator (uPA) was lower than normal
fibroblasts.* The level of tissue inhibitor of metalloproteinase 1 (TIMP-1) in keloid tissue was higher than normal
skin. Extracellular matrix (ECM) degradation by matrix metalloproteinase 1 (MMP-1) was inhibited by TIMP-1.”

Most single keloid treatments have a high recurrence rate. The combination of surgical procedures and medical
therapy resulted in a lower recurrence rate. Medical monotherapies have a high failure rate. Triamcinolone acetonide
intralesional injection monotherapy is effective in reducing keloid volume; however, unwanted side effects, such as
telangiectasia, acne lesions, and ulceration, can develop.®

Studies on naturally derived compounds in keloid pathogenesis have recently been conducted. The active compounds of
natural plants may contain active ingredients with anti-keloid activity.’ Physalis angulata has been used as a medicinal herb for the
treatment of skin diseases. Antiproliferative compound has been isolated from P. angulata leaves such as quercetin and
kaempferol.'”!" An in vitro study of quercetin on earlobe keloid fibroblast showed inhibition of cellular proliferation and
collagen synthesis.'> Kaempferol attenuated collagen synthesis, proliferation, and activation of fibroblasts in vitro and in vivo
studies. Western blot analysis revealed that kaempferol significantly downregulated SMAD2 and SMAD3 phosphorylation which
was induced by the selective binding of kaempferol to TGF-B receptor type .'* P angulata extracts significantly augmented the
expression of TIMP-1, TIMP-2, PAI-1, and PAI-2 in human oral squamous carcinoma (HSC-3) cell-line cultures.'

The objective of this study was to observe P. angulata on fibroblast viability and collagen type I, TIMP-1, and PAI-1
levels in human keloid fibroblasts.

Materials and Methods

Materials

The culture medium consisted of Dulbecco’s Modified Eagle’s medium (DMEM) with GlutaMAXTM-I Gibco (10567-014) and
an antibiotic-antimycotic solution Gibco (15240-062). P. angulata simplicia was obtained from the Center for Medicinal Plants
(Materia Medika, Batu, Indonesia). TIMP-1, PAI-1, and collagen type I levels were measured using an Elabscience ELISA kit
(E-EL-HO0184), RayBio Human PAI-1 ELISA Kit (ELH-PAII), and MyBiosource Human Collagen Type I ELISA kit
(MBS2506379), respectively. Fibroblast viability was measured using the MTT assay (Nacalai Tesque (23547) MTT assay).

Cell Culture

The primary keloid dermal fibroblast culture skin explant method was used in this study. Dermal fibroblasts were
obtained from a female patient who had undergone keloid excision. This study was conducted with the signing of an
informed consent form and in compliance with the Declaration of Helsinki. This study was approved by the Health Study
Ethics Committee of the Dr Saiful Anwar General Hospital, Malang. Keloid tissue was directly inserted into a 50 mL
centrifugal tube containing sterile phosphate-buffered saline (PBS). The tissue was washed by shaking the tube slowly
for 10 min and repeated three times. Cell culture procedures were performed within 6 h after the excision procedure. The
edge of the keloid tissue was cut, placed on a petri dish, and dissected to separate the dermis and epidermis. Dermal
tissue was washed in a tube containing sterile PBS and used as a keloid fibroblast culture cell source. Dermal tissue was
cut into 5-10 thin slices, each of 2-3 mm?, and placed in a tissue culture dish covered with a glass coverslip of 22 mm.
Several drops of culture medium at 4°C were slowly added under the edge of the coverslip and slowly 1-2 mL more were
added. The tissue culture dish was put in 37°C a 5% CO, incubator. Fibroblast growth was observed every 3—4 days with
a change in medium. Subculture process was performed when fibroblast growth reached 80-90% of tissue culture dish.
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Fibroblast Viability

Fibroblast viability was measured in cell culture after 24 h incubation with 3, 5, and 10 pg/mL P. angulata and media
culture in the control group. MTT assay was performed by added 15 puL solution of MTT from Nacalai Tesque (23547) in
0.5 mg/mL PBS incubated in CO, 5% incubator for 2 h. Next, 100 uL dimethyl sulfoxide (the) was added as a stopper
solution. The colour absorbance of purple formazan was measured using a 570 nm spectrophotometer.

Collagen Type I, TIMP-I, and PAI-1 Measurement

Extracellular TIMP-1, PAI-1, and collagen type I levels were measured in the supernatant of the cell culture by ELISA.
ELISA was performed using the Elabscience ELISA kit (E-EL-H0184) for TIMP-1, RayBio Human PAI-1 ELISA Kit
(ELH-PAII) for PAI-1, and MyBiosource Human Collagen Type I ELISA kit (MBS2506379) for collagen type 1. The
color absorbance was measured by ELISA reader wavelength 450 nm using an ELISA reader.

Physalis angulata Extraction

We used the Soxhletation method to obtain P. angulata extract. The dry powder form of P. angulata simplicia, weighing
200 mg, was wrapped in filter paper and inserted in an extraction funnel for immersion in ethanol for 24 h. The obtained
solution was collected and precipitated in 250 mL Soxhlet. The solution was separated from the precipitated product and
dried using a rotator evaporator at 70-80°C to obtain the extract. The extract was heated in an oven at 70°C to remove
ethanol residue. The extract was dissolved in the culture medium at multiple concentrations.

Physalis angulata Extract Incubation in Cell Culture

Third-passage keloid fibroblast subcultures were used as the study samples. Keloid fibroblast cells were divided into a well
culture plate as a control group and P. angulata group. Keloid fibroblast cultures in the control group were supplemented with
culture medium only, whereas P. angulata group was added to the culture medium containing P. angulata. The P. angulata
concentrations used to observe the effects on fibroblast viability were 3, 5, and 10 pg/mL. The P. angulata concentration used
to observe effects on collagen type I, TIMP-1, and PAI-1 levels were 10%, 20%, 30%, and 40% of inhibitory concentration 50
(ICsp). We performed four replications for each group. All the groups were incubated for 24 h.

Statistical Analysis

Mean comparisons between multiple treatment groups were analyzed with one-way ANOVA followed by post hoc
analysis if the distribution of data was normal or with the Mann—Whitney U-test if the distribution of data was not
normal. The data distribution was analyzed using the Shapiro—Wilk test. All statistical analyses were performed using
IBM SPSS Statistics for Windows version 27.

Results

Keloid tissue was excised from the abdomen of 22 years old woman by excision procedure. Keloid dermal fibroblasts
were grown on culture medium and subjected to a subculture process for three passages. The morphology of keloid
dermal fibroblast on three passages sub-culture was spindle, adherent, and growing from the edge (Figure 1).

Physalis angulata Extract Inhibition Effect on Keloid Fibroblast Viability

Fibroblast viability was measured using the MTT assay after incubation with P. angulata for 24 h. The 10 pg/mL
P angulata group showed the lowest absorbance of formazan purple (Figure 2). Fibroblast viability data were normally
distributed and homogenous. ANOVA showed a significant inhibitory effect of P. angulata extract on fibroblast viability
(p<0.05). Tukey’s post hoc analysis showed a significant inhibition of fibroblast viability in the 10 pg/mL P. angulata
group (p<0.05) (Figure 3). The inhibition concentration 50 (ICso) was determined to be 6.3 ug/mL. The P. angulata
concentrations used to observe effects on collagen type I, TIMP-1, and PAI-1 levels were 10%, 20%, 30%, and 40% of
ICso which were equal to 0.63, 1.25, 1.88, and 2.51 pg/mL.

Clinical, Cosmetic and Investigational Dermatology 2023:16 https: 2367

Dove:


https://www.dovepress.com
https://www.dovepress.com

Widiatmoko et al Dovepress

Figure | Keloid fibroblast culture. (A) One day after culture procedure. (B) First passage. (C) Second passage. (D) Third passage. Bar: 200 pum.

Figure 2 Formazan purple formation in MTT assay. (A) Control group. (B) Group of 3 pug/mL P. angulata extract. (C) Group of 5 pg/mL P. angulata extract. (D) Group of
10 pug/mL P. angulata extract showed the least formazan purple formation. Bar: 200 pm.

Physalis angulata Extract Inhibition Effect on Collagen Type |

Collagen type I levels were measured by ELISA in the supernatant of third passage culture of keloid fibroblasts. Collagen
type I data are normally distributed and homogeneous. ANOVA showed a significant inhibitory effect of P. angulata
extract on collagen type I levels (p<0.05). Tukey’s post hoc analysis showed significant collagen type I inhibition in 0.63
pug/mL (10% ICso) P. angulata group (p=0.004) (Figure 4).
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Figure 3 Effect of Physalis angulata extract on fibroblast viability. Keloid fibroblasts were incubated with 3, 5, and 10 pg/mL P. angulata extract. Control group incubated with
culture media. Incubation time was 24 h. *: Significant fibroblast viability inhibition was showed at 10 pg/mL P. angulata group (p=0.023).
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Figure 4 Effect of Physalis angulata extract on collagen type |. Keloid fibroblasts were incubated with 0.63 (10% ICs,), 1.25 (20% ICso), 1.88 (30% ICso), and 2.51 (40% ICsp)
pg/mL P. angulata extract. Control group incubated with culture media. Incubation time was 24 h. *: Significant collagen type | inhibition was showed at 0.63 ug/mL (10% ICs)
P. angulata group (p=0.004).

Physalis angulata Extract Inhibition Effect on TIMP-I

TIMP-1 levels were measured by ELISA on the supernatant of keloid fibroblast third passage culture. The Shapiro—Wilk
test showed that TIMP-1 data were not normally distributed. The Kruskal-Wallis test showed a significant inhibitory
effect of P. angulata extract on TIMP-1 levels (p=0.015). Mann—Whitney analysis showed significant TIMP-1 inhibition
in 2.51 pg/mL (40% ICso) P. angulata group (p=0.043) (Figure 5).
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Figure 5 Effect of Physalis angulata extract on TIMP-1. Keloid fibroblasts were incubated with 0.63 (10% ICso), 1.25 (20% ICso), 1.88 (30% ICs0), and 2.51 (40% ICsq) pg/mL P. angulata
extract. Control group incubated with culture media. Incubation time was 24 h. *: Significant TIMP-| inhibition was showed at 2.51 ug/mL (40% ICso) P. angulata group. p=0.043.

Physalis angulata Extract Effect on PAI-I
The level of PAI-1 in the supernatant of the third passage culture of keloid fibroblasts was measured using ELISA. The

Shapiro—Wilk test showed that the PAI-1 level data were not normally distributed. The mean difference between the
groups, as analyzed by the Kruskal-Wallis test did not show any significant difference (Figure 6).
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Figure 6 Effect of Physalis angulata extract on PAI-1. Keloid fibroblasts were incubated with 0.63 (10% ICsq), 1.25 (20% ICsp), 1.88 (30% ICsp), and 2.51 (40% ICso) pg/mL
P. angulata extract. Control group incubated with culture media. Incubation time was 24 h. There were no significant different at PAI-| level between all groups by Kruskal—

Wallis test.
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Discussion

The objective of this study was to determine the effect of P. angulata leaf ethanol extract on keloid dermal fibroblast primary
cultures. Fibroblast viability was observed after incubation with cytotoxic concentrations of P. angulata extract. The levels of
collagen type I, TIMP-1, and PAI-1 were observed after incubation with P. angulata extract at concentrations below the I1Cso,
indicating that keloid fibroblasts were still viable. The etiology of keloids remains unclear and requires further investigation.
The major limitation of keloid therapeutic development is the lack of animal models for investigating keloid pathology. Keloid
primary dermal fibroblast culture as in vitro model is essential not only for a better understanding of disease biology but also
for identifying and evaluating novel drug targets.'® In vitro study on keloid fibroblast could observe the effect of developing
drug on fibroblast viability by MTT assay.'” In vitro study on keloid fibroblast could also observe secreted protein in
extracellulars, such as collagen type I and TIMP-1, which are measured from cell culture medium. '’

Keloid fibroblasts have a higher proliferation rate than that of normal fibroblasts. Keloid fibroblasts also had faster collagen
type I synthesis than normal fibroblasts.* Keloid fibroblasts are primary effector cells in keloid formation by inducing
a persistent inflammatory response and excessive ECM deposition.'®! Keloid fibroblasts have stronger anti-apoptosis,
collagen synthesis, and migration abilities which some studies have shown is caused by many factors such as overexpression
of TGF-PB, microRNA-21, and hypoxia-inducible factor-la (HIF-1a).?° Changes in keloid fibroblast phenotype are devel-
oped as target therapy.’ One study obtained an inhibition effect on keloid fibroblast proliferation, such as the study of
ginsenoside Rg3 on inhibition of keloid fibroblast proliferation and migration.”* Another study showed vitamin D and
quercetin inhibition on keloid fibroblast viability and collagen synthesis.'>

This study demonstrated the effect of P. angulata leaf ethanol extract on keloid dermal fibroblast viability. A significant
inhibition of fibroblast viability was observed in the 10 pg/mL P. angulata group. The P. angulata inhibition concentration 50
(ICsp) on keloid fibroblast viability was 6.3 ug/mL. Studies on P. angulata extract in keloids are lacking. A study on the effect
of P. angulata on cancer cell viability showed an inhibitory effect. The extract of P. angulata inhibited the viability of human
oral squamous cell carcinoma cell line (HSC-3). Inhibition of viability was observed at 10 pg/mL concentration.'* The active
compounds of P. angulata are known to have antiproliferative and anticancer effects. P. angulata leaf contains phenolic
compounds such as quercetin and kaempferol, which have antiproliferative effect.'" Quercetin had inhibition the proliferation
and viability of primary keloid fibroblast culture in vitro.'?> Kaempferol also has an inhibitory effect on keloid fibroblast
proliferation in vitro from primary cell culture.'® Several studies have been conducted on the effect of P angulata on cancer
cells. The ethanol extract of P angulata leaves has pro-apoptotic and antiproliferative effects on retinoblastoma cell culture.*
Another study suggested that P. angulata leaf ethanol extract has antiproliferative and inhibitory activities on human blood and
ovarian cancer cell lines.**

This study also observed the effect of P. angulata at concentrations below the ICsq to determine the effects on
collagen type I, TIMP-1, and PAI-1 when keloid fibroblasts were still viable. This study showed inhibition effect of
P angulata extract on collagen type I level although significant collagen type I inhibition only at 0.63 pg/mL (10% ICs)
P. angulata group. The collagen inhibition effect observed in this study could be facilitated by mechanisms other than
inhibition of fibroblast viability. A study on physalin D isolated from Physalis species showed the inhibition of TGF-B1
induced expression of collagen type I in mouse liver fibrosis. This study also showed the inhibition of phosphorylated
SMAD2/3 which had an important role in TGF-p/Smad signalling pathway.>> A study on withagulatin A isolated from
P angulata L showed inhibition of TGF-B stimulated type I procollagen gene expression in primary hepatic stellate cells
isolated from normal livers of male Sprague Dawley rats, which was attributable to the suppression of TGF-f stimulated
SMAD?2 and SMAD3 phosphorylation.® The expression of keloid procollagen 1 mRNA increased 35 times compared to
preputium fibroblast.® Excessive collagen formation in keloid is the target therapy for keloid. The sustained TGF-B/Smad
signalling pathway can inhibit excessive collagen formation.?’

This study demonstrated the inhibitory effect of P. angulata extract on TIMP-1 levels, although significant inhibition only
at 2.51 pg/mL (40% ICsq) P. angulata group. The study showed that the expression of TMP-1 in keloid tissue was higher than
that in regular scar tissue.” Some studies have shown a TIMP-1 inhibition effect on keloid fibroblasts as a target therapy. The
study of small interfering RNAs targeting TIMP-1, which transduces human keloid-derived fibroblasts (KFs), leads to the
degradation of collagen type 1.%* Study papain, a protease cysteine enzyme in the collagen degradation process, on Rattus
norvegicus as an experimental animal showed a reduction in TIMP-1 levels. This study also showed a direct relationship
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between papain dose and TIMP-1.2° A study of P angulata on TIMP-1 in keloid fibroblasts is still lacking. A study of
P angulata extract on human oral squamous cell carcinoma cell line (HSC-3) TIMP-1 level showed contrary results. This
study showed that P. angulata extract upregulated TIMP-1 levels. The discrepancy in this study was caused by the different
P. angulata concentration used. This study used sub-cytotoxic concentration (5-15 pg/mL), whereas our study used lower
concentration below ICso (below 6.3 pg/mL).'* Another study of P angulata extract on gingival tissue of periodontitis-
induced mice showed no significant effect on TIMP-1 level.*

This study showed no significant difference in PAI-1 levels between P. angulata and control groups. Study showed
that the expression of PAI-1 on keloid fibroblast is higher than on normal fibroblast.* Epidemiology study on 241 keloid
patients compared to 207 normal healthy individuals without keloid diagnosis showed significantly higher plasma PAI-1
level on the keloid than the control group.’' Another study showed that high levels of PAI-1 expression were significantly
associated with an increased risk for keloid.*? A study showed that silencing of PAI-1 decreased protein level of collagen
type I and collagen type III also inhibited growth and induced keloid shrinkage.*® The study of P. angulata effect on PAI-
1 of keloid fibroblast is still lacking. In contrast, the effect of P. angulata extract on PAI-1 levels was observed in a study
on a human oral squamous cell carcinoma cell line (HSC-3). This study showed that subcytotoxic concentration (5—15
ng/mL) of P. angulata extract increased PAI-1 expression.'*

Conclusion

This study showed the inhibitory effect of 10 pg/mL P. angulata extract on keloid fibroblast viability, with an ICso of 6.3
pg/mL. This study also showed P. angulata had a concentration below the ICs, inhibitory effect on collagen type-1 and
TIMP-1 in keloid fibroblasts. There were no significant effects on keloid fibroblast PAI-1. Future studies will be
conducted to observe the effect of P. angulata extract on intracellular signalling of keloid fibroblasts to determine the
mechanism of collagen type 1 and TIMP-1 inhibition by noncytotoxic concentrations of P. angulata.

Disclosure
The authors report no conflicts of interest in this work.
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