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Abstract: Acne vulgaris is a common chronic inflammatory skin disease. In the present study, we
reported the anti-acne vulgaris effect of the Mesua ferrea (M. ferrea) flower extract. The extract was
evaluated for three anti-acne-causing bacteria properties including Cutibacterium acnes (C. acnes),
Staphylococcus epidermidis (S. epidermidis) and Staphylococcus aureus (S. aureus). The results indicated
that the M. ferrea flower extract could be considered as the bactericidal agent against S. epidermidis
and S. aureus with MIC values of 0.78 and 6.25 mg mL−1 and MBC values of 1.56 and 12.50 mg mL−1

and the bacteriostatic agent against C. acnes with MIC and MBC values of 3.12 and 25.00 mg mL−1,
respectively. The extract at a concentration of 25 µg mL−1 also presented potent anti-inflammatory
activity with a significant decrease of nitric oxide (NO) and tumor necrosis factor (TNF)-α productions
in RAW 264.7 macrophage cells stimulated by LPS. In addition, the extract showed moderate to weak
anti-oxidative capacities against DPPH, ABTS, FRAP and NO assays and also showed weak anti-
tyrosinase activity. M. ferrea flower extract may serve as the alternative natural anti-acne formulations.

Keywords: Mesua ferrea; anti-acne; anti-bacteria; anti-inflammation; anti-oxidant; anti-tyrosinase

1. Introduction

Acne vulgaris, also known as acne, is one of the most common dermatological diseases,
which is a chronic inflammatory pilosebaceous skin disorder that affects the face, chest
and back. This condition decides about 85% of people, especially prevalent among young
adolescents [1]. Acne is associated with the increase of sebum production by overactive oil
glands, the hyperkeratinization by blocking skin pores, the successive release of skin in-
flammatory mediators and the bacterial colonization in the follicles leading to the carrying
of commensal skin microorganisms [2]. Three main Gram-positive bacteria, Cutibacterium
acnes (formerly Propionibacterium acnes), Staphylococcus epidermidis and Staphylococcus aureus,
are involved in the bacterial colonization of the follicle. C. acnes plays an important role in
the pathogenesis and progression of acne [3], which could activate the immune system and
triggering an inflammatory cascade in infected cells. As an immunostimulant, C. acnes is
responsible for invading pathogens by releasing free radicals and inflammatory mediators
such as nitric oxide (NO) produced by inducible NO synthase (iNOS) and proinflamma-
tory cytokines including tumor necrosis factor (TNF)-α, resulted in the modulation of
inflammatory gene expression that is important in the immune response involved in the
inflammatory skin disorder, including acne [4–7]. In addition, S. epidermidis and S. au-
reus involve in acne progression by causes a majority infection of the pilosebaceous unit.
These bacteria also produce biofilm formation, leading to anaerobic condition to promote
proliferation of C. acnes. This phenomenon provokes an innate immune reaction, trigger
inflammation of acne [3,6].
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As therapeutic agents for acne vulgaris, anti-acne agents including retinoic acid and
derivatives, benzoyl peroxide, salicylic acid, azelaic acid and vitamins B and C and anti-
biotics including macrolides clindamycin and tetracyclines, are generally used in the
treatment of acne. However, the continued use of these chemical-based agents could have
side effects including skin irritation, lightheadedness, dizziness and tinnitus. In addition,
laser and light-based therapy were alternatives for acne treatment with improvements
in acne scarring and skin texture. Nonetheless, these approaches caused high costs and
pains. To overcome the adverse effects of these agents, the development of novel anti-acne
agents with high anti-bacterial and anti-inflammatory activities and fewer side effects
seems to be necessary. Traditional therapeutics like natural products have been used as
alternative medicine in acne treatment. Therefore, many potential plants and plant extracts
are currently used as anti-acne agents, such as Aloe vera, Allium cepa, Centella asiatica and
tea tree oil [8–12].

Mesua ferrea L., known in Thai as Bunnak, belongs to the Calophyllaceae family [13].
It is widely distributed throughout India, Sri Lanka, Myanmar, Indo-China, Thailand,
Singapore and Malaysia. In Thailand, the barks are traditionally used for the treatment
of dysentery and vomiting. The seeds are used as an aromatic and a wound healer,
while the flowers are used as expectorant, carminative, cordial and blood tonic agents in
traditional Thai medicine [14,15]. This plant species showed a wide range of various phy-
tochemical constituents, including coumarins, xanthones, triterpenoids, anthraquinones
and flavonoids [16–20]. The plant has shown various pharmacological activities including
anti-oxidant, anti-spasmodic, anti-inflammatory, anti-cancer, anti-ulcer, anti-diabetic, anti-
arthritic, anti-microbial, anti-venom, anti-convulsant, anti-hemorrhoid, central nervous
system depressant, α-amylase inhibitory, immunomodulatory and hormone balancing,
hepatoprotective, analgesic, and diuretic activities [21–23].

As part of our ongoing work on alternative anti-acne agents, the search of natural
products possessing is not focused only on inhibition activities against acne bacterial
strains, but also on anti-inflammatory potentials, which may have topical applications in
the treatment of acne vulgaris. Despite many studies on natural anti-acne agents, there
have been few reports on the anti-acne effect of M. ferrea. Therefore, this study aimed to
investigate the potential application of the extract of M. ferrea flowers on the inhibitory
activities against acne-causing bacteria. The anti-inflammatory activities of the extract
through the inhibition of NO and TNF-α were evaluated. Moreover, the anti-oxidative and
anti-tyrosinase activities of the extract were also investigated.

2. Materials and Methods
2.1. Chemicals and Reagents

All chemicals and solvents used were supplied by Merck (Darmstadt, Germany),
TCI (Tokyo, Japan), or Sigma-Aldrich (St. Louis, MO, USA). Lipopolysaccharide (LPS)
(from Escherichia coli serotype O111:B4) and tyrosinase from mushroom (EC 1.14.18.1) were
purchased from Sigma-Aldrich (St. Louis, MO, USA).

2.2. Plant Material

The flowers of Mesua ferrea were purchased from Chaokrompoe Herbal Store, Bangkok,
Thailand in January 2021, and the plant species was identified by Assoc. Prof. Nopporn
Dumrongsiri, Ramkhamhaeng University. A voucher specimen is deposited at the Faculty
of Science, Ramkhamhaeng University, Thailand (Apichart Suksamrarn, No. 102).

2.3. Preparation of M. ferrea Flower Extract

The air-dried flowers of M. ferrea were milled and macerated with 95% (v/v) ethanol
at room temperature for 72 h. The extraction procedure was repeated for 5 times; the
combined solution was filtered and the solvent was evaporated under reduced pressure at
40–45 ◦C. The residue was freeze-dried to remove remaining solvent and the extract was
stored at −20 ◦C until further analysis.
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2.4. Total Phenolic Contents

The total phenolic content of the extract was determined by using Folin–Ciocalteu
assay [24] with slight modifications. In brief, a solution of 130 µL of DI water, 10 µL of the
test extract and 10 µL of Folin–Ciocalteu reagent was mixed and after 5 min, 100 µL of 7%
(w/v) Na2CO3 was added. The solution was left in the dark for 30 min, and the absorbance
was measured with a microplate reader (Sunrise, Opfikon, Switzerland) at 734 nm. The
total phenolic content was calculated as microgram of gallic acid equivalent per milligram
of dry weight (µg GAE/mg dry weight) by using a gallic acid calibration curve.

2.5. Anti-Oxidant Assays
2.5.1. DPPH Radical Scavenging Assay

The free radical scavenging activity of the extract was measured by 1,1-diphenyl-2-
picrylhydrazyl (DPPH) assay [25] with slight modifications. The extract was prepared in
ethanol to various concentrations. Each of these sample solutions (75 µL) was separately
mixed with 150 µL of 0.2 mM DPPH solution. L-Ascorbic acid was used as a positive
control. The reaction mixture was incubated at room temperature for 30 min in the dark,
and the absorbance was measured at 517 nm using a microplate reader. Ethanol was used
as the blank. A percentage of DPPH radical scavenging activity was calculated using the
following equation:

The percentage of scavenging activity (%) = [1 − (A/B)] × 100 (1)

where A is the absorbance of DPPH solution mixed with the test sample and B is the
absorbance of DPPH solution mixed with ethanol (blank). The concentration yielding 50%
free radical scavenging capacity (IC50) is reported.

2.5.2. ABTS Radical Cation Decolorization Assay (ABTS Assay)

2,2-Azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical cation scaveng-
ing activity of the extract was conducted according to the method described by a previous
study [26] with slight modifications. Briefly, 7 mM of ABTS was prepared. The ABTS
solution was mixed with 2.45 mM potassium persulfate and incubated at room temperature
for 16–18 h in the dark to generate ABTS•+. Then, the solution was diluted with ethanol to
an absorbance of 0.70 ± 0.02 at 750 nm. A stock solution of the extract was prepared in
ethanol. L-Ascorbic acid was used as a positive control. The ABTS assay was conducted by
mixing 200 µL of the diluted ABTS•+ solution with 20 µL of the test sample. This reaction
mixture was incubated in the dark at room temperature for 10 min, and the absorbance
was assessed at 734 nm using a microplate reader. A percentage of ABTS radical cation
decolorizing activity was calculated in a similar manner to DPPH assay.

2.5.3. Ferric Reducing Antioxidant Power Assay (FRAP Assay)

Ferric reducing antioxidant power (FRAP) assay was conducted according to the
FRAP assay method [27] with slight modifications. Firstly, the FRAP solution was prepared
by mixing 300 mM acetate buffer (pH 3.6), 10 mM 2,4,6-tri-2-pyridyl-2-triazine (TPTZ)
solution and 20 mM ferric chloride at a ratio of 10:1:1. The FRAP solution (200 µL) was
mixed with 20 µL of the test sample. L-Ascorbic acid was used as a positive control. The
reaction mixture was incubated at 37 ◦C for 30 min, and the absorbance was measured
immediately at 570 nm. Ferric reducing antioxidant power was calculated in a similar
manner to DPPH assay.

2.5.4. Nitric Oxide (NO) Radical Scavenging Assay

The scavenging effects of the extract NO production were estimated according to the
method described by a previous study [28] with slight modifications. Various solution
concentrations of the extract were prepared by dissolving in ethanol. Briefly, 10 mM
sodium nitroprusside (SNP) solution (60 µL) was freshly prepared in phosphate buffer



Cosmetics 2021, 8, 107 4 of 12

saline (pH 7.4) as well as 60 µL of one of the various concentrations of the test sample. The
mixture was incubated at room temperature for 120 min. Then, 120 µL Griess reagent (1%
(w/v) sulfanilamide in 2.5% (v/v) H3PO4 and 0.1% (w/v) N-(1-naphthyl)ethylenediamine
dihydrochloride (NED) in 2.5% (v/v) H3PO4) was added to the mixed solution, which
was incubated at room temperature for 10 min. The incubated solution was measured for
absorbance at 550 nm. L-Ascorbic acid was used as a positive control. The percentage of
nitric oxide radical scavenging activity in a similar manner of DPPH assay.

2.6. Anti-Bacterial Activity Assays

C. acnes DMST 14916, S. aureus DMST 8840 and S. epidermidis DMST 15505 were used
in this study. The cultures were obtained from the culture collection of the Cosmetics
and Natural Products Research Center, Faculty of Pharmaceutical Sciences, Naresuan
University, Phitsanulok, Thailand.

2.6.1. Disc Diffusion Method

As recommended by the 2013 Clinical and Laboratory Standards Institute guidelines
(Clinical and Laboratory Standards Institute, 2013), the concentration of the strain was
adjusted to yield approximately 1 × 108 CFU mL−1 by direct colony suspension method.
The bacterial suspension was then evenly spread onto the agar surface. After that, 20 µL
of the stock solution of the extract (100 mg mL−1) was pipetted onto a sterile paper disc
(the amount of test sample was 2 mg disc−1). After drying, the disc was placed on the agar
surface. For C. acnes, the inoculated Brain Heart Infusion (BHI) (HiMedia, Mumbai, India)
agar plate was incubated at 37 ◦C under anaerobic conditions for 72 h. In contrast, the
inoculated Mueller Hinton agar (MHA) (HiMedia, Mumbai, India) plates of S. epidermidis
and S. aureus were incubated for 48 h. Clindamycin disc (2 µg disc−1) was used as a
positive control for C. acnes, and Tetracycline (30 µg disc−1) was used as a positive control
for S. epidermidis and S. aureus. DMSO was used as a negative control.

2.6.2. Broth Macrodilution Method

Two-fold serial dilutions of the extract solution were prepared in isopropyl myris-
tate (IPM) + 10% (v/v) Tween 80 to obtain a final concentration range of the extract of
0.09–200.00 mg mL−1. For each dilution, 500 µL of that dilution was placed into a test tube
and combined with 50 µL of stains suspension. The final concentration of stains suspension
was 1 × 105 CFU mL−1. The tubes were incubated at 37 ◦C under anaerobic conditions
for 72 h. These tubes were then used to determine the minimum inhibitory concentration
(MIC) of the extract. The MIC is defined as the lowest concentration of the extract that
inhibits at least 90% of bacterial growth, while the minimum bactericidal concentration
(MBC) is the lowest concentration of the extract that completely kills the observed bacteria.
In order to determine the MBC, 10 µL of the final contents were taken from each tube used
during the MIC procedure and transferred to BHI agar plate for C. acnes or MHA plate
for S. epidermidis and S. aureus. The plates were then incubated at 37 ◦C under anaerobic
conditions for 48–72 h. Each stains suspension combined with medium and IPM + 10%
(v/v) Tween 80 was used as a control.

2.7. Anti-Inflammatory Activities
2.7.1. Cell Culture

The murine macrophage cell line RAW 264.7 (ATCC, Manassas, VA, USA) was seeded
in 96 well-plates at a density of 1.5 × 105 cells well−1 in RPMI-1640 (GIBCO, Paisley, UK)
supplemented with 10% (v/v) fetal bovine serum (GIBCO, Paisley, UK) and 1% (v/v)
penicillin/streptomycin (GIBCO, Paisley, UK). Cells were grown at 37 ◦C in a humidified
5% CO2 atmosphere under standard conditions.
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2.7.2. Cytotoxicity

RAW 264.7 macrophages at a density of 1.5 × 105 cells well−1 were cultured for 24 h.
The extract at various concentrations ranging from 0 to 100 µg mL−1 were treated after
incubation. DMSO was used as vehicle control. The treated cells were incubated for an
additional 24 h and the spent medium was then removed and 200 µL of MTS reagent
(Abcam, MA, USA) was added to each well and incubated at 37 ◦C in a CO2 incubator for
4 h. The absorbance for each well was detected at 492 nm using a microplate reader.

2.7.3. Inhibition of NO Production and Pro-Inflammatory Cytokines

RAW 264.7 macrophages at a density of 1.5 × 105 cells well−1 were treated with the
test sample in the presence of LPS (1 µg mL−1) for 24 h. The conditioned culture media was
then collected and centrifuged at 1620× g in a refrigerated centrifuge at 4 ◦C for 10 min.
The supernatant was measured for nitrite levels by the Griess assay [29]. Optical density
was measured at 550 nm. Data were expressed as the percentage of nitrite levels relative
to the nitrite obtained from DMSO control in LPS-treated cells. In another experiment,
culture media was examined for the presence of mouse TNF-α (Invitrogen, Vienna, Aus-
tria) by enzyme-linked immunosorbent assay (ELISA) according to the manufacturers’
specifications. Inflammatory cytokine levels were determined against standard curves.

2.8. Anti-Tyrosinase Assay

Tyrosinase inhibitory activity was determined according to the method as previously
described [30] with modifications. Briefly, the assays were performed in 96-well plates as
follows. Firstly, 150 µL of a solution of mushroom tyrosinase (333 U mL−1) in phosphate
buffer (50 mM, pH 6.8) was distributed in each well, together with 20 µL of samples diluted
at various concentrations in ethanol. Kojic acid was used as the positive control and ethanol
was used as the negative control. The plate was filmed and incubated at room temperature
for 5 min. Then, 100 µL of a solution of 2 mM 3,4-dihydroxyphenylalanine (L-DOPA) in
phosphate buffer (pH = 6.8) were distributed in each well. After 40 min of incubation,
the absorbance was performed at 492 nm to assess the percentage of inhibition using the
equation below:

The percentage of tyrosinase inhibition (%) = {[(A − B) − (C − D)]/(A − B)} × 100 (2)

where A is the absorbance of the control with the enzyme, B is the absorbance of the control
without the enzyme, C is the absorbance of the test sample with the enzyme and D is the
absorbance of the test sample without the enzyme.

2.9. Statistical Analysis

Data were obtained from three independent experiments in triplicates, were expressed
as means ± SD and analyzed by Student’s t-test. The IC50 value was determined from a
dose-response curve using Microsoft Excel and GraphPad PrismTM 7 software (Graph Pad
Software Inc., San Diego, CA, USA).

3. Results and Discussion
3.1. Extraction

The dry powder of the M. ferrea flowers was extracted by the hydroalcoholic macera-
tion method. The extractive yield of this ethanolic extract was 11.20%.

3.2. Total Phenolic Contents and Anti-Oxidant Activities

Reactive oxygen species (ROS), including singlet oxygen, superoxide anion, hydroxyl
radical, hydrogen peroxide, lipid peroxide and NO, are subsequently generated from the
hypercolonization of C. acnes [31]. The DPPH and ABTS assays measure the anti-oxidant
potency using a single-electron transfer mechanism [32], while FRAP assay measures the
reduction of ferric iron (Fe3+) to ferrous iron (Fe2+) in the presence of anti-oxidants, which is
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commonly used for the analysis of the total anti-oxidant capacity of the extracts [33] and NO
can react with superoxide radical to generate the highly reactive molecule, ONOO−, which
results in a cascade of harmful events in the body and detects by using Griess reagent [34].
The total phenolic contents and the anti-oxidant activities of the ethanol extract of M. ferrea
flowers are shown in Table 1. The present study showed that the total phenolic content
of the M. ferrea flower extract was performed using Folin–Ciocalteu method, which was
227.23 µg GAE mg−1. The anti-oxidant potency of the extract obtained by DPPH assay
(IC50 12.87 µg mL−1) was higher than those obtained by ABTS (IC50 16.95 µg mL−1),
NO (IC50 79.83 µg mL−1) and FRAP (IC50 96.33 µg mL−1) assays, respectively. However,
it was less active than the reference compound, L-ascorbic acid, which is known to be
a very good anti-oxidant. It is important to note that the M. ferrea flower extract is a
good anti-oxidant, when compared to the other well-documented polyphenol active plant
compounds for its anti-acne properties, such as green tea (Camellia sinensis), pomegranate
(Punica granatum) [35–38].

Table 1. Total phenolic contents and anti-oxidant activities of M. ferrea flower extract.

Sample Total Phenolic Contents
(µg GAE mg−1)

Anti-Oxidant Activities (IC50 ± SD; µg mL−1)

DPPH ABTS FRAP NO

M. ferrea extract 227.23 ± 0.01 12.87 ± 1.04 16.95 ± 1.04 96.33 ± 1.05 79.83 ± 1.08
L-Ascorbic acid 1 - 3.46 ± 1.09 0.86 ± 1.03 2.06 ± 1.05 0.35 ± 1.25

The results were expressed as mean± standard deviation (SD) of triplicate experiments. (n = 3). 1 L-Ascorbic acid was used as the positive control.

3.3. Anti-Bacterial Activity

C. acnes, S. epidermidis and S. aureus are the Gram-positive anaerobic bacteria that
are mostly related to promoting follicular inflammation or inflammatory acne [4]. In this
study, the anti-acne bacterial properties of M. ferrea flower extract were firstly screened by
using the disc diffusion method and the results are shown in Table 2. It was found that the
extract showed the strongest inhibitory effect against C. acnes, followed by S. epidermidis
and S. aureus with the diameters of inhibition zone of 14.33, 11.50 and 9.08 mm, respectively,
whereas Clindamycin, the positive control for C. acnes and Tetracycline, the positive control
for S. epidermidis and S. aureus exhibited the inhibition zones of 60.50, 10.00 and 33.50 mm,
respectively. These results showed that the extract was a greater bacterial inhibitory against
S. epidermidis than the positive control, while it was relatively weaker activity against
C. acnes and S. aureus compared to that of the positive control. In addition, the control disc
(DMSO) exhibited no zone of inhibition for all tested bacteria.

Table 2. Anti-bacterial activities of M. ferrea flower extract by the disc diffusion method.

Microorganism
Diameter of Inhibition Zone (Mean ± SD) (mm)

M. ferrea Flower Extract Clindamycin 1 Tetracycline 2

C. acnes 14.33 ± 0.29 60.50 ± 0.62 -
S. aureus 9.08 ± 0.38 - 33.50 ± 0.50

S. epidermidis 11.50 ± 0.25 - 10.00 ± 0.25

The results were expressed as mean ± standard deviation (SD) of triplicate experiments. (n = 3). 1 Clindamycin
(2 µg disc−1) was used as the positive control for C. acnes. 2 Tetracycline (30 µg disc−1) was used as the positive
control for S. aureus and S. epidermidis.

After preliminary evaluations, the minimal inhibitory concentration (MIC) and the
minimal bactericidal concentration (MBC) of the extract were then evaluated by using
broth macrodilution method to determine their bacteriostatic and bactericidal properties.
The MIC, the lowest concentration to prevent bacterial growth of the extract on the bac-
terial growth is shown in Table 3. These results suggested that the values of MIC of the
extract (0.78 mg mL−1) on S. epidermidis growth were the lowest among the bacteria tested,
suggesting that S. epidermidis is more sensitive than C. acnes (3.12 mg mL−1) and S. aureus
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(6.25 mg mL−1). Though, the MBC, the lowest concentration to kill tested organisms, is
also shown in Table 3. The most promising activity was displayed against S. epidermidis.
The extract was bactericidal against S. epidermidis with an MBC of 1.56 mg mL−1, while
the extract was also bactericidal against S. aureus and C. acnes with consistently lower
MBC than S. epidermidis (12.50 and 25.00 mg mL−1, respectively). It should be noted that
the determinations of MIC and MBC were performed in triplicate for each experiment by
using the broth macrodilution method. A serial two-fold dilution of the tested samples
was conducted from the stock concentration. In fact, our experiments were confirmed that
the breakpoint concentrations of growth inhibition or killed bacteria are the same values
in triplicate experiments, which caused S.D. values are 0.00. These are consistent with
previous studies reported [39–44]. According to the ratio MBC/MIC, if the ratio MBC/MIC
≤ 4, the effect was considered as bactericidal. On the other hand, if the ratio MBC/MIC > 4,
the effect was defined as bacteriostatic [39]. The MBC/MIC ratio of the extract is displayed
in Table 3. The results showed that the M. ferrea flower extract could be considered as the
bactericidal agent against S. aureus and S. epidermidis and the bacteriostatic agent against
C. acnes.

Table 3. Anti-bacterial activities of M. ferrea flower extract by the broth macrodilution method.

Microorganism
M. ferrea Flower Extract (Mean ± SD)

MIC (mg mL−1) MBC (mg mL−1) MBC/MIC Ratio

C. acnes 3.12 ± 0.00 25.00 ± 0.00 8.01
S. aureus 6.25 ± 0.00 12.50 ± 0.00 2.00

S. epidermidis 0.78 ± 0.00 1.56 ± 0.00 2.00

The results were expressed as mean ± standard deviation (SD) of triplicate experiments. (n = 3).

It has been reported that S. epidermidis plays a crucial role in an unfavorable manner
of acne by producing the biofilm that stimulates the overgrowth of C. acnes. The biofilm
protects bacteria from human innate host defense. Additionally, both of S. aureus and
S. epidermidis cause skin infection that triggers the inflammatory acne flare-ups [45–47].
Thus, the M. ferrea flower extract, which does not only inhibit C. acnes growth but also kills
S. epidermidis and S. aureus, may provide benefits in the treatment of inflammatory acne
such as papules and pustules and reduce bacterial infection, which is the development
of abscesses.

3.4. Anti-Inflammatory Activities

Inflammation is one of the mechanisms and aspects inducing the formation of acne.
Normal sebocytes, the major cell in sebaceous glands, produce just a small quantity of NO
and TNF-α, but these cytokines are considerably increased when activated by C. acnes or
LPS. C. acnes can induce the inflammatory response of macrophages or monocytes, leading
to the release of proinflammatory cytokines. According to previous studies, proinflamma-
tory cytokines can promote the emergence of skin adhesion molecules and hypersensitivity
response with the production of protease, hyaluronidase, and chemotactic factors [2].

In the present study, in order to investigate the effects of the M. ferrea flower extract
on inflammatory activity, RAW 264.7 cells were stimulated with LPS (1 µg mL−1). We first
investigated by measuring cell viability using the MTS assay. Treatment of RAW 264.7 cells
stimulated by LPS with the extract at a concentration of 25 µg mL−1 exerted no effect on
cell viability as shown in Figure 1. Therefore, the extract was used at a concentration of
25 µg mL−1 to investigate its effects on inflammation induced by LPS in RAW 264.7 cells.
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Figure 1. Cytotoxicity of M. ferrea flower extract against RAW264.7 macrophage cells. Data are
presented as the means ± SD. *** p < 0.05 compared to the control.

The inhibitory effect of the extract on proinflammatory mediator production was
investigated by measuring NO levels in RAW 264.7 cells stimulated by LPS. The level of
NO in the LPS treated cells group was adjust to 100% (Figure 2A). The NO production
exhibited a statistically significant (p < 0.05) increase following stimulation of the cells by
LPS (1.10 ± 0.34% for untreated cells group. The M. ferrea flower extract at a concentration
of 25 µg mL−1 accomplished a statistically significant decrease (p < 0.05) of NO production
in cells stimulated by LPS (4.40 ± 0.50%) compared with the LPS treated cells group.

Figure 2. (A) Inhibitory effect of M. ferrea extract on NO production in LPS-induced inflammation in
RAW 264.7 macrophage cells, (B) Inhibitory effect of M. ferrea extract on LPS-induced TNF-α level in
RAW 264.7 macrophage cells. Data are presented as the means ± SD. *** p < 0.05 compared with LPS
treated cells only.

To better understand the inhibitory effect of the extract on inflammation, the expres-
sion of proinflammatory cytokine TNF-α was investigated in RAW 264.7 cells stimulated
by LPS. The expression of TNF-α exhibited a statistically significant increase (p < 0.05)
following stimulation of the cells treated by LPS (324.08 ± 12.33 ng mL−1 for untreated
cells group and 5180.49 ± 20.65 ng mL−1 for LPS treated cells group). Treatment with the
M. ferrea flower extract was associated with inhibition of LPS-induced TNF-α expression in
RAW 264.7 cells (Figure 2B). A statistically significant decrease (p < 0.05) in the expression
of TNF-α at a concentration of 25 µg mL−1 extract was observed (528.49 ± 5.57 ng mL−1)
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compared with the LPS treated cells group, indicating that the M. ferrea flower extract
inhibits the synthesis of proinflammatory cytokines in activated macrophages.

According to the results, M. ferrea flower extract showed high total phenolic content.
The previous study has been reported that the ethanolic M. ferrea flower extract con-
tained phenolic compounds, eugenol and cinnamaldehyde, as the major compounds [48].
These compounds have anti-inflammatory effects induced by C. acnes [49,50]. In addi-
tion, M. ferrea extract inhibited the growth of S. aureus by disruption of the cell mem-
brane [51]. Moreover, plant phenolic compounds are an alternative therapeutic agent to
avoid antibiotic-resistant bacteria.

However, the amount of active compounds or plant extracts in topical cosmetic
formulations are normally higher than the effective dose determined from cell-based
assay. This was due to the active agents incorporated into topical formulations do not
easily penetrate through the skin [36,52–56]. The effective concentration for anti-bacteria
and anti-inflammatory of M. ferrea flower extract obtained from this study conforms to
bacteria co-exist on the skin surface, while macrophages are present in skin tissue. Thus,
it is the justification for the use of antibacterial effective dose (25 mg mL−1) of M. ferrea
flower extract in topical formulation and it is likely to be safe and effective for immune
cell in skin tissue. However, the effective dose of M. ferrea flower extract incorporated
into topical formulation for anti-acne treatment should be further investigated, including
the identification of the active compounds in the crude extract, type of formulation, skin
permeation, penetration and irritation studies. Further studies are needed to determine
their safety and effectiveness, particularly skin permeation and skin irritation (e.g., OECD
Test Guidelines 428 and 439).

3.5. Anti-Tyrosinase Activity

Melanin is synthesized by the melanocyte, which has essential roles such as influencing
skin appearance and improving the body’s protection against UV radiation. Melanin
synthesis is regulated by numerous enzymes such as tyrosinase and tyrosinase-related
proteins, leading to a stimulation of pigmentation. Inflammatory hyperpigmentation such
as acne can cause skin darkening and discoloration that appears as spots or large unsightly
patches [57]. In order to evaluate the skin lightening effect of the M. ferrea flower extract, a
mushroom tyrosinase inhibition assay was performed. However, the extract exhibited weak
anti-tyrosinase activity, which was less effective than kojic acid, a well-known tyrosinase
inhibitor as shown in Table 4.

Table 4. Tyrosinase inhibitory activity of M. ferrea flower extract.

Sample Anti-Tyrosinase Activity (IC50 ± SD; µg mL−1)

M. ferrea extract 219.58 ± 3.41
Kojic acid 1 46.05 ± 1.16

1 Kojic acid was used as the positive control.

4. Conclusions

In this study, the potent anti-acne property of M. ferrea flower extract was reported.
The extract clearly demonstrated the ability to anti-acne-causing bacteria activities associ-
ated with anti-oxidative properties. The anti-inflammatory activities of the extract were
also elucidated through the inhibition of inflammatory mediator, NO and pro-inflammatory
cytokine, TNF-α. In addition, the extract showed some anti-tyrosinase activities, which is
beneficial for reducing post-inflammatory hyperpigmentation, even it is lower than that of
the reference compound, kojic acid. Therefore, the M. ferrea flower extract can be safe and
may serve as an alternative natural anti-acne agent for uses in topical cosmeceutical formu-
lations for the treatment of inflammatory acne. Further experiments to thoroughly explore
the bioactivities of isolated chemical constituents of M. ferrea flower extract are awaited.
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