Journal of Taibah University Medical Sciences (2023) 18(6), 1586—1598

. . . - @
Taibah University Josarllof

Taibah University
Medical Soi?nces

Journal of Taibah University Medical Sciences

www.sciencedirect.com

Original Article

Anti-inflammatory effects of banana (Musa balbisiana) peel extract on )
acne vulgaris: In vivo and in silico study

updates

Dwiana Savitri, MD ** Sitti Wahyuni, PhD °, Agussalim Bukhari, PhD¢,
Khairuddin Djawad, PhD , Mochammad Hatta PhD , Puguh Riyanto, PhDd
Burhanuddin Bahar, PhD' Slswanto Wahab, PhD ¢ Flrdaus Hamid, PhD © and
Yusnita Rifai, PhD ®

# Doctoral Program in Medical Science, Faculty of Medicine Hasanuddin University, Makassar, South Sulawesi, Indonesia
bDepartment of Parasitology, Faculty of Medicine, Hasanuddin University, Makassar, South Sulawesi, Indonesia

¢ Department of Nutrition, Faculty of Medicine, Hasanuddin University, Makassar, South Sulawesi, Indonesia

dDepartmenl of Dermatology and Venereology, Faculty of Medicine, Hasanuddin University, Makassar, South Sulawesi,
Indonesia

¢ Department of Molecular Biology and Immunology, Faculty of Medicine, Hasanuddin University, Makassar, South Sulawesi,
Indonesia

fDeparlmem‘ of Health Administration and Policy Studies, Faculty of Public Health, Hasanuddin University, Makassar, South
Sulawesi, Indonesia

& Departement of Pharmacy, Hasanuddin University, Makassar, South Sulawesi, Indonesia

Received 12 January 2023; revised 13 June 2023; accepted 20 July 2023; Available online 29 July 2023

oadlall

Lisasd ol ya i pan Jaes e daild A0S0 L8N LA o sdiand) il
Sl g Saall sabiaall Alddiaall Gatbiadll ) &5 dlially O gany) O

L@.m:\‘):le.z:\rdgdht.c} fuguum\)dtf)}d\ J}J;s] LJL@_J)JMLAASU
A Ll A8 e ) A Al cda oldll ca Al 3

Sl g (Lhasally o sa) Jsall 8 (aliiudl

O 6 = 22e) Sle sana (aed ) 13 ja GG api & il A8y
2 Asllaal) AL QLA s de sana Ll a e gana (Ao gane S

e pal) Lpelial) cilugliall alasin o3 (8-S sl il cllakaall a5 Jale
A il o Lal el ) Zalal S sl ol sine Gl s 5YL
colalal) el iy ) Anlal) AdLeSH o sall (el pasal 5 5al)
Sl e (st slbidl 5 ¢cpig ol clilil s 531 (s ol g pdl) mas

2 LS — sl dalall g 2-Jsilly agadll Jiisal)

)um‘_;\ (\.\ \_asu)a) ))Al‘}aﬁ‘_lbﬁt}a&h—lﬁ‘ @L\.\.“
bl s e gamay A5 e UL dladiall S sl 1) 5 L 5S4l
el ssine S0 3all aaa wd i Aaud) el 2o ) AL
&os il a e saney D Jlie (Wil (s 5) Jsall 58 (ge Gic
Alat¥h il el aalalanl€ 85 e o) 303 ol Jliy el

2-J 5l 4l Jiiaall ga dabee SSY) e lial) A8UY 3 L) S el of
st OIS @ WS (5l Jalall

el Sl s st ) A A U0
Ao ganall LAY LBl (o g o(LiL u‘_,_.&},.) Ssall 538 70,60 dalaall
30 5 Cladall ana ayly B uld o508 CpuailalanlSl W glac) &3 )
Lo 5 05 ¢1-0S sl ) (S sl e s A ol 5 Ly 500 (Ul s 50) S5l 58 (i of ) il o3 i sckaliiad)
‘—‘LHJS-‘ & Gib ge @Al QLdl s dia AL Slias JalaS Jamy
I L gl S sl 1) S ey S pai Ty (el

* Corresponding address: Doctoral Program Medical Science,
Faculty Medicine, Universitas Hasanuddin, JI. Perintis Kemerde-
kaan, Kampus Tamalanrea, Km 10, Makassar, South Sulawesi,
Indonesia.

E-mail: vinnadwiana(@gmail.com (D. Savitri)

Peer review under responsibility of Taibah University.

Lme ¢5Sbadl b ¢all vl b ULl se shaliiall clals)
Al sl ¢l sl

Abstract

Objective: Acne vulgaris (AV) is a common problem with
a relatively high incidence rate among Asian people. The
potential antimicrobial and anti-inflammatory properties
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of banana peels have been demonstrated in previous
studies but have not been studied in cases of AV.
Therefore, this study was aimed at investigating the
protective effects of banana (Musa balbisiana) peel
extract (MBPE) against AV.

Methods: Thirty rats were divided into five groups (n = 6
rats per group): an AV group, AV group treated with
0.15% MBPE, AV group administered 0.30% MBPE,
AV group administered 0.60% MBPE, and AV group
administered clindamycin (the standard drug treatment).
We assessed nodule size, bacterial count, histopathology,
and cytokine levels (IL-1a, IFN-y, tumor necrosis factor
(TNF)-a, and 1L-8). Enzyme linked immunoassays were
used to measure the cytokine levels. In addition, we
performed molecular docking studies to determine the
interactions between phytochemicals (trigonelline,
vanillin, ferulic acid, isovanillic acid, rutin, and salsolinol)
via the Toll-like receptor 2 (TLR2) and nuclear factor-
kappa B (NF-kB) pathways.

Results: All MBPE treatment groups, compared with the
AV group, showed suppression of both bacterial growth
and proinflammatory cytokine production, as well as
resolved tissue inflammation. The nodule size was
significantly suppressed in the groups receiving the two
highest doses of MBPE, compared with the AV group.
However, the pharmacological action of MBPE remained
inferior to that of clindamycin. Docking studies demon-
strated that rutin was the phytocompound with the most
negative interaction energy with TLR2 or NF-kB.

Conclusions: Our results indicated that MBPE has anti-
inflammatory effects against AV, by suppressing nodule
formation, inhibiting bacterial growth, and decreasing
proinflammatory cytokine production.

Keywords: Anti-inflammation; Antibacterial; In silico;
In vivo; Musa balbisiana

© 2023 The Authors. Published by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Acne vulgaris (AV) is a sebaceous gland and hair follicle
condition that affects the face, back, shoulders, and chest.
These sites contain the most oil glands, which participate in
sebum excretion, comedogenesis, bacterial growth, and
inflammation. AV is a hereditary environment disease that
affects people of all ages, cultures, and ethnicities.' ™ Studies
in the United States and other countries have shown that the
incidence of AV is higher among people of Asian descent
than people of White or other races. In addition, Asian
skin is more pigmented; therefore, it is at risk of acne
sequelae.4

Inflammation is the body’s response to several damaging
stimuli, including infection. An excessive inflammatory re-
action might cause tissue damage.” The complicated

interaction between Propionibacterium acnes (P. acnes)
infection and innate immunity results in AV inflammation
via the generation of cytokines, chemokines, and
antimicrobial peptides in the epidermis and immune cells.
Infection with P. acnes causes hyperkeratinization and
innate immune activation. Severe acne lesions develop if
the irritation persists. Cytokines are inflammatory
chemicals found in uninfected sebocytes. Cytokine levels
increase during infection. In addition, inflammatory
mediators affect hyperkeratinization, the first stage of
microcomedo formation.’

Conventional AV treatment is based on the type of acne
and focuses on symptoms; this treatment not only may
trigger resistance to antibacterial agents and uncontrollable
adverse effects, but also is expensive.”® Topical antibiotics
may trigger irritation, redness, skin dryness, and
hypopigmentation. Oral antibiotics may trigger gastro-
intestinal disorders and increase the risk of venous throm-
boembolism.” In contrast, a new approach involving treating
AV with herbs has been associated with fewer adverse effects
and better patient compliance. 10

Bananas originated in South Asia around the year 650
AD. This plant belongs to the Musaceae family and is
divided into three genera: Musa, Ensette, and M usella."""'? In
2019. Indonesia overtook India and China as the third-
largest banana producer.]2 The fruit produces waste in the
form of peels, which account for 30% of the fruit weight.
This waste is high in fiber and low in tannins, and it
typically is disposed of in the environment without being
processed or is used as animal feed.'>!* Banana peels are
rich in fiber, protein, essential amino  acids,
polyunsaturated fatty acids, potassium, and phenolic
compounds.’ LIS

Banana peels have been used for biotechnological pur-
poses, for example, as a source of enzymes, in the food in-
dustry, and for energy production.lz‘l(’fl8 Pharmacological
applications are beginning to be developed, such as dietary
supplements for acute liver disease and the treatment of

hypercholesterolemi.’:l.l1"19"20 The potential antimicrobial

and anti-inflammatory properties of banana peels have
. . o 2712

been demonstrated in previous studies’""??; however, they

have not been studied in cases of AV. Therefore, this study
was aimed at investigating the in silico and in vivo effects of
banana (Musa balbisiana) peel extract (MBPE) on AV
inflammation.

Materials and Methods
Rat experimental groups

Thirty female, hairless strain Sprague—Dawley rats were
divided into five study groups (n = 6 each): an AV group; AV
group administered an MBPE dose of 0.15% (MBPE1); an
AV group administered an MBPE dose of 0.30% (MBPE2);
an AV group administered an MBPE dose of 0.60%
(MBPE3); and an AV group administered clindamycin, a
standard drug treatment. The experimental animals were
acclimated through colony rearing for 7 days. The environ-
ment was maintained at a room temperature of 22—24 °C,
50—60% humidity, and 12/12 h light/dark cycles. Food and
water were provided ad libitum.
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Extraction

Ripe, fresh and, disease-free bananas (M. balbisiana) were
purchased from the Klojen traditional market in Malang
City, East Java, Indonesia. The banana peels were washed
with tap water to remove dust and dirt. Surface water
adhering to the skin was removed, and the skin was cut into
2 cm x 2 cm sections and dried at 50 + 5 °C in a dryer. The
dried skin was ground into flour with a grinder.”>** The
banana peel powder was dissolved in 70% ethanol for 5
days. Mixing and maceration were performed in triplicate
samples. The solution was then filtered through filter
paper. A rotary evaporator was used to remove the
solvent. Condensation after the evaporation process was
performed with the freeze drying method.”>*® The dry
extract was used to prepare a transfersome gel.

Models for acne

Acclimated rats were induced with the P. acnes ATCC®
6919™ strain via intradermal injection on both sides of
back. The strains of P. acnes were cultured in Brucella agar
supplemented with hemin (5 pg/ml; Sigma, St. Louis, MO),
vitamin K1 (1 pg/ml; Sigma, St. Louis, MO), and lysed
horse blood (5% v/v; Shanghai, China) at 37 °C in an
anaerobic atmosphere with MGC Anaeropack systems
(Mitsubishi, Gas Chemical Co., Inc., Japan). P. acnes was
cultured to the exponential phase for 2 days and to the
stationary phase for 3—4 days, then resuspended in 0.9%
saline (5 x 108 colony forming units/ml).27 The bacterial
strain was obtained from post-log phase culture in brain-
heart Infusion medium. Bacteria were heated at 95 °C for
5 min and lyophilized (freeze dried) before injection. Bac-
terial suspensions were prepared at 10% and 10° colony
forming units/pL, and 20 pL was injected into both sides of
each rat’s back. Intradermal injection was performed with a
30-gauge needle.

Sample isolation

On day 14, the rats were anesthetized to isolate back skin
samples. Back skin tissue was homogenized with a tissue
grinder in 0.9% salt solution. The supernatant was then
centrifuged at 2000 x g for 10 min to separate the clear liquid.
The cytokine levels were measured.

Cytokine analysis

Enzyme-linked immunosorbent assays were used to
analyze IL-1a, IFN-y, TNF-a, and IL-8 in the supernatant.
A mouse IL1A/IL-1 alpha (sandwich) ELISA kit (catalog
No. LS-F24824-1), mouse TNF alpha (sandwich) ELISA kit
(catalog No. LS-F54858-1), mouse IL8 (sandwich) ELISA
kit (catalog No. LS-F54858-1) and mouse IFN gamma
(sandwich) ELISA kit (catalog No. LS-F3414-1) were pur-
chased from LS Bio (Seattle, WA, USA). The analysis was
performed in accordance with the manufacturer’s protocol.

Histopathological analysis

After model establishment and treatment, the skin was
excised and immersed in 10% formaldehyde solution. Tis-
sues were dehydrated with a graded ethanol series from 80%
to 100%, and embedded in paraffin. The wax block was cut

to a thickness of 3—5 pum and stained with hematoxylin and
eosin (Sigma) for histopathological examination under an
optical microscope (BX53, Olympus, scale x 200).

In silico studies

In silico studies included searching for amino acids in the
Toll-like receptor-2/nuclear factor-kappa B (TLR2/NF-kB)
pathway and the structure of the active compound; protein
3D structure modeling; protein-ligand docking and visuali-
zation; and analysis of the binding interaction. We previ-
ously demonstrated that the phytochemical composition of
MBPE includes trigonelline, vanillin, ferulic acid, isovanillic
acid, rutin, and salsolinol, by using liquid chromatography-
high resolution mass spectrometryz&29 Subsequently, we
performed an in silico study of TLR-2 and NF-kf} signals
with molecular docking. The amino acid composition of the
protein in the TLR2/NF-k} pathway was obtained from the
National Center for Biotechnology Information, United
States National Library of Medicine, National Institutes of
Health (http://www.ncbi.nlm.nih.gov). The 3D structure of
the protein in the TLR2/NF-kP pathway was obtained in
* sdf file format and was converted into a *.pdb file with
OpenBabel software.”’ The 3D structure of the active
compound components of the MBPE was obtained from
the PubChem Open Chemistry Database, according to our
previous study.’’**” The structure was in *.sdf file format
and was converted into a *.pdb file with OpenBabel
software.” The 3D structures of the target proteins were
predicted with the SWISS-MODEL webserver with the ho-
mology modeling method. The 3D structures of the protein
were then validated with Ramachandran plot analysis.m’35
Docking simulations between the active compound and
target proteins were performed with HEX 8.0 software.”®
The docking protocol consisted of three visualization
stages: minimization of rigid-body energy, semi-flexible
repair, and finishing refinement in an explicit solvent. The
docking results were then visualized with Chimera 1.6.2 and
Discovery Studio 4.1 software. The docking analysis results
were visualized with Discovery Studio 4.1, LigPlot+, and
LigandScout 3.1 software.’** The interactions between
proteins and ligands were analyzed to determine the
numbers and types of bonds and interactions formed, such
as hydrogen bonds, hydrophobic interactions, and van der
Waals interactions.

Statistical analysis

The collected data were tabulated and analyzed in
Microsoft Excel and subjected to ANOVA and post hoc
tests. A statistical value of p < 0.05 was considered signifi-
cantly different. Statistical analyses were performed in SPSS
software version 16.

Results

Figure 1 shows the IL-la levels in the various study
groups. The IL-la levels were significantly lower in the
three MBPE groups than the AV group (p < 0.05) but did
not reach levels comparable to those in the clindamycin
group (p < 0.05).
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Figure 1: IL-1a levels in various groups. a: significant difference with respect to the acne vulgaris group (negative control); b: significant
difference with respect to the acne vulgaris group administered MBPE at a dose of 0.15% (MBPEL1); c: significant difference with respect
to the acne vulgaris group administered MBPE at a dose of 0.30% (MBPE2); d: significant difference with respect to the acne vulgaris
group administered MBPE at a dose of 0.60% (MBPE3). Note: AV: acne vulgaris group; MBPE: banana (Musa balbisiana) peel extract;

Clin: acne vulgaris group given the standard drug clindamycin.

The IL-8 levels in the various study groups are shown in
Figure 2. The IL-8 levels in the MBPE groups were signifi-
cantly lower than those in the AV group (p < 0.05). In
addition, the IL-8 level in the MBPE2 group was significantly
lower than that in the MBPE3 group (p < 0.05). The IL-8
levels in the 0.60% MBPE group were significantly lower
than those in the 0.30% MBPE group (p < 0.05). The IL-8
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levels in the clindamycin group were significantly lower
than those in the three MBPE groups (p < 0.05).

Figure 3 shows the differences in TNF-a levels in the
various study groups. TNF-a levels in the three groups
receiving MBPE were significantly lower than those in the
AV group (p < 0.05). Moreover, the TNF-a levels were
significantly lower in the MBPE2 group than the MBPE3
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Figure 2: IL-8 levels in various groups. a: significant difference with respect to the acne vulgaris group (negative control); b: significant
difference with respect to the acne vulgaris group administered MBPE at a dose of 0.15% (MBPEL1); c: significant difference with respect
to the acne vulgaris group administered MBPE at a dose of 0.30% (MBPE2); d: significant difference with respect to the acne vulgaris
group administered MBPE at a dose of 0.60% (MBPE3). Note: AV: acne vulgaris group; MBPE: banana (Musa balbisiana) peel extract;

Clin: acne vulgaris group given the standard drug clindamycin.
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Figure 3: TNF-a levels in various groups. a: significant difference with respect to the acne vulgaris group (negative control); b: significant
difference with respect to the acne vulgaris group administered MBPE at a dose of 0.15% (MBPE1); c: significant difference with respect
to the acne vulgaris group administered MBPE at a dose of 0.30% (MBPE2); % significant difference with respect to the acne vulgaris
group administered MBPE at a dose of 0.60% (MBPE3). Note: AV: acne vulgaris group; MBPE: banana (Musa balbisiana) peel extract;

Clin: acne vulgaris group given the standard drug clindamycin.

group (p < 0.05), and in the MBPE3 group than the MBPE 2
group (p < 0.05). TNF-a. levels were significantly lower in the
clindamycin group than all three MBPE groups (p < 0.05).

Figure 4 shows the IFN-y levels in the various study
groups. The IFN-y levels were significantly lower in the
three MBPE groups than the AV group (p < 0.05) but did
not reach levels comparable to those in the clindamycin

group (p < 0.05). The higher the dose of MBPE, the lower
the IFN-vy level.

Figure 5 shows the differences in nodule thickness
between the groups. In the three MBPE groups, the mean
nodule thickness was significantly lower than that in the
AV group (p < 0.05). however, no differences in mean
nodule thickness were observed between the MBPEI,
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Figure 4: IFN-v levels in various groups. a: significant difference with respect to the acne vulgaris group (negative control); b: significant
difference with respect to the acne vulgaris group administered MBPE at a dose of 0.15% (MBPE1); c: significant difference with respect
to the acne vulgaris group administered MBPE at a dose of 0.30% (MBPE2); d: significant difference with respect to the acne vulgaris
group administered MBPE at a dose of 0.60% (MBPE3). Note: AV: acne vulgaris group; MBPE: banana (Musa balbisiana) peel extract;

Clin: acne vulgaris group given the standard drug clindamycin.
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Figure 5: Nodule thickness in various groups. a: significant difference with respect to the acne vulgaris group (negative control); b:
significant difference with respect to the acne vulgaris group administered MBPE at a dose of 0.15% (MBPE1); c: significant difference
with respect to the acne vulgaris group administered MBPE at a dose of 0.30% (MBPE2); d: significant difference with respect to the acne
vulgaris group administered MBPE at a dose of 0.60% (MBPE3). Note: mm: millimeter; AV: acne vulgaris group; MBPE: banana (Musa
balbisiana) peel extract; Clin: acne vulgaris group given the standard drug clindamycin.

MBPE2, or MBPE3 group and the clindamycin group
(» > 0.05).

The average numbers of bacterial colonies in the various
groups is shown in Figure 6. The number of colonies in the
three MBPE groups was significantly lower than that in the
AV group (p < 0.05). No significant difference was
observed in the number of bacterial colonies between the
MBP3 and clindamycin group (p > 0.05).

Figure 7 shows the histopathological results of acne
lesions in the various groups. In the AV group, we
observed severe inflammation characterized by abundant
inflammatory cells, such as neutrophils, lymphocytes, and
histiocytes, in the dermis to the subcutis, and in the
epidermis, where abscesses formed. Mild inflammation was
observed in the MBPE1 and MBPE2 groups, whereas
resolution of inflammation was observed in the MBPE3
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Figure 6: Number of bacterial colonies from various observation groups. a: significant difference with respect to the acne vulgaris group
(negative control); b: significant difference with respect to the acne vulgaris group administered MBPE at a dose of 0.15% (MBPELI); c:
significant difference with respect to the acne vulgaris group administered MBPE at a dose of 0.30% (MBPE2); d: significant difference
with respect to the acne vulgaris group administered MBPE at a dose of 0.60% (MBPE3). Note: AV: acne vulgaris group; MBPE: banana
(Musa balbisiana) peel extract; Clin: acne vulgaris group given the standard drug clindamycin.
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group. These pathological features were similar to those in
the clindamycin group.

The phytochemical interaction energies between the
TLR2 protein and trigonelline, vanillin, ferulic acid, iso-
vanillic acid, rutin, and salsolinol were —4.810 KkJ/
mol, —5212 kJ/mol, —6.102 kJ/mol, —-5.479 KkJ/
mol, —10.080 kJ/mol, and —6.103 kJ/mol, respectively. The
compound with the most negative interaction energy was
rutin. The results of the docking analysis of rutin and TLR2
are shown in Figure 8. The interaction map between rutin
and TLR2 indicated van der Waals interactions involving
amino acids ASN A33, SER A56, ALA A80, ASP B233,
ASP B235, LYS B260, THR B262, ASP B263, LEU B289,
and SER B291; conventional hydrogen bonds involving
amino acids LYS AS55, ASP AS8, GLN A79, GLU A103,
ILE B261, GLN B288, and LYS B290; and carbon-
hydrogen bonds involving LYS A37. Hydrophobic in-
teractions involved Pi alkyl groups in ILE A35 and unfa-
vorable donors in HIS A104.

The phytochemical interaction energies between NF-kf3
and trigonelline, vanillin, ferulic acid, isovanillic acid, rutin,
and salsolinol were —3.897 kJ/mol, —4.386 kJ/
mol, —4.856 kJ/mol, —4.735 kJ/mol, —7.354 kJ/mol,
and —4.984 kJ/mol, respectively. The compound with the
most negative interaction energy was rutin. The docking

L

R
;:\\\‘ K S%,' *{ ‘
L .

analysis results for rutin and NF-kB are presented in
Figure 9. The interaction map between rutin and NF-kf§
inducing kinase indicated van der Waals interactions
involving the amino acids PRO A488, ASP A490, ASN
A591, PRO A619, PROA624, GLN A657, LYS A662, and
SER A663; and conventional hydrogen bonds involving
CYS A486, LEU A487, GLU A489, LEU A590, SER
A621, and LYS A670. The hydrophobic interactions
involved Pi anions, Pi sigma in ALA A621 and Pi alkyl
groups in VAL A658.

The phytochemical interaction energies between the NF-
kB p50 homodimer and trigonelline, vanillin, ferulic acid,
isovanillic acid, rutin, and salsolinol were —4.503 kJ/
mol, —4.695 kJ/mol, —5.678 kJ/mol, —5.227 KkJ/
mol, —7.446 kJ/mol, and —5.539 kJ/mol, respectively. The
compound with the most negative interaction energy was
rutin. Figure 10 shows the docking analysis results between
rutin and the NF-kB p50 homodimer. The interaction map
between rutin and the NF-kB p50 homodimer revealed
conventional hydrogen bonds involving the amino acids
VAL A58, SER A63, GLY A65, ASN A136, and ARG
A154, and hydrogen carbon bonds involving PRO A62 and
GLY A113. Hydrophobic interactions involved Pi sigma
and Pi alkyl groups in VAL All2, and LEU Al40,
respectively.

Figure 7: Histopathology of acne lesions in various groups. Note: AV: acne vulgaris group as a positive control; MBPE: banana (Musa
balbisiana) peel extract; Clin: acne vulgaris group given the standard drug clindamycin.
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Figure 10: Interaction map of the binding pocket of NF-kff p50 homodimer with rutin.

Discussion

Our study demonstrated that MBPE exhibited anti-
inflammatory and antibacterial properties in an AV rat
model. Its anti-inflammatory activity was characterized by a
decrease in proinflammatory cytokines and inhibition of the
formation of tissue pathology. Its antibacterial activity was
demonstrated by a decrease in the number of bacteria present
in AV lesions. Molecular docking revealed that rutin had the
highest affinity among the MBPE phytochemicals assessed.

The dimer structure used in the TLR2 docking tests was
confirmed to be the active form of the receptor. According

the theory meant, the ligand/agonist interact with the het-
erodimer in a non-competitive manner.” In this study, the
crystal structure of the TLR1-TLR2 heterodimer produced
by lipopeptide binding was chosen as the 1D:2Z80 protein.
According to phytochemical docking tests, rutin interacted
very easily with the heterodimer. Mapping of the interactions
indicated the presence of van der Waals interactions, con-
ventional hydrogen bonding, carbon-hydrogen bonding, and
hydrophobic interactions between rutin and TLR2. A pre-
vious study has revealed that TLR ligand binding occurs at
amino acids 266—355 and 318—398 for the dimerization
process on amino acids.”’ Consequently, the rutin and TLR2
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interaction map contained several ligand binding and
dimerization linkage. The interaction between rutin and
TLR2 is expected to suppress downstream TLR-2 signaling
generated by P. acnes.

Among the analyzed phytochemicals, rutin interacted
with NF-kB inducing kinase (NIK) most easily in the
docking, which is the signal for the synthesis of IFN-y. The
N-terminal TRAF3-binding domain (residues 30—120),
negative regulatory domain (residues 121—318), core serine/
threonine kinase domain (residues 390—660), and non-
catalytic C-terminal region domain required for signaling
comprise the 947 amino acids of NIK. Furthermore, these
interactions formed through van der Waals interactions,
conventional hydrogen bonds, and hydrophobic contacts,
thus suggesting that rutin binds the core serine/threonine
kinase domain as well as the non-catalytic C-terminal region
domain necessary for signaling. Consequently, rutin docking
in the core serine/threonine kinase domain and non-catalytic
C-terminal domain may explain at least some of the MBPE-
induced decrease in IFN-y production.

The nuclear transcription factor NF-kf is a key player in
the activation and regulation of innate and adaptive immune
responses. The NF-kf signaling pathway receives signal in-
puts from various TLR receptors and dissociates from the
NF-kB/IkB complex via IkB protein degradation mediated
by the IkB kinase (IKK) complex. Subsequently, the tran-
scription factor is translocated to the nucleus. The IKK
complex phosphorylates IKB during this step, thus targeting
IkB for proteosome destruction. The IKK complex is
composed of two catalytically active kinases: IKKo and
IKK . NF-kB is a homodimer that has two domains in each
tertiary unit. The joining of these two domains in the two
tertiary units forms the active site of DNA binding
together.38 In this investigation, we discovered that rutin
interacts with the NF-kff p50 homodimer more easily than
the other phytochemicals. This interaction occurs via
conventional hydrogen bonds, hydrogen carbon bonds,
and hydrophobic interactions. Thus, rutin appears to
inhibit the development of the active site binding DNA, as
well as the activation of NF-kB signaling. We observed
nodule growth and accumulation of inflammatory cells in
the dermis and epidermis tissue, in agreement with the
hypothesis that TLR2 activation in monocytes results in
the production of proinflammatory cytokines such as IL-6,
IL-1, IL-12, and IL-8. IL-8 attracts neutrophils to the re-
gion of active lesions, where lysosomal enzymes are released,
thus causing epithelial follicular rupture and inflamma-
tion.””*" After 14 days of observation, we discovered that
administering MBPE doses of 0.30% and 0.60% had
effects and activity comparable to those of clindamycin in
suppressing nodule formation. Notably, the nodule size
decreased more rapidly when the MBPE dose was
increased. The loss of inflammatory cells from the dermis
to the subcutis and epidermis was responsible for the
histological elimination of these nodules. However,
bacterial colonies were observed after treatment with
MBPE doses of 0.30% and 0.60%. These findings suggest
that MBPE has anti-inflammatory properties. MBPE’s
antibacterial activity at doses of 0.30% and 0.60% was not
similar to that of clindamycin.

P. acnes triggers an inflammatory response in AV. The
inflammatory response in human monocytes infected with

P. acnes involved TLR2 activation, thereby triggering the
release of inflammatory mediators, including 1L-6, IL1p, IL-
8, and TNF-o, through the NF-kf signaling pathway.”’
Inflammatory mediators affect hyperkeratinization, in
which the first step is the development of microcomedones.
Abnormal production of various lipids results from the
release of IL-1 from epithelial cells. Consequently, IL-1
acts on keratinocytes, thereby triggering a cascade of
events during acne initiation and development. In addition,
IL-1oc induces the production of other inflammatory
markers, particularly TNF-a from keratinocytes.41 This
cytokine then activates keratinocytes.42 Various studies
have indicated that TNF-o is elevated in AV.**** In this
study, the levels of IL-la. and TNF-a were significantly
decreased by all three doses of MBPE, although the
effectiveness of these treatments was not comparable to
that of clindamycin. These findings indicated that MBPE
has anti-inflammatory properties and inhibits the develop-
ment of AV. According to the histopathological results, we
suspect that a relationship between decreased IL-1 and TNF-
o levels and decreased monocyte activity has a role in the
resolution of inflammation. The relationship between the
decrease in monocytes due to the resolution of tissue
inflammation and the decrease in IL-1 and TNF-a was
observed in all administered MBPE doses.

P. acnes infection induces an immunological response by
releasing IL-8. IL-8 in turn stimulates neutrophil migration,
thus leading to the formation of acne and pus lesions.
Consequently, neutrophils generate free radicals that kill the
bacteria. An inflammatory reaction is triggered by the exces-
sive generation of free radicals.®’ P. acnes infection was found
to markedly increase IL-8 production. The three doses of
MBPE, but not clindamycin, decreased IL-8 levels. Therefore,
MBPE has anti-inflammatory properties, because it inhibited
the IL-8 production caused by P. acnes infection. On the basis
of the histopathological results, we suspect that a relationship
between decreased IL-8 levels and suppression of neutrophil
migration might be involved in resolving inflammation. This
relationship was observed for all MBPE doses.

The TLR-2 pathway stimulates the release of pro-
inflammatory cytokines, such as IFN-y, TNF-a, and IL-8,
by mononuclear cells when the innate immune system is
activated. The lipoteichoic acid component of the P. acnes cell
wall has a major role in TNF-a stimulation. Through the
TLR-2 pathway, P. acnes also stimulates keratinocytes to
release pro-inflammatory cytokines, such as TNF-a, IL-1a,
IL-1B, and IL-8.% Substantially greater levels of IFN-y and
IL-8 in peripheral blood mononuclear cells have been
observed in patients with acne than healthy controls.*’” Herein,
the three doses of MBPE effectively decreased the elevated
IFN-y, TNF-a, and IL-8, but not to the levels observed in
the clindamycin group. This finding demonstrated that MBPE
decreases the synthesis of IFN-y, TNF-a, and IL-8.

The phytochemical components of MBPE, including
trigonelline, vanillin, ferulic acid, isovanillic acid, rutin, and
salsolinol, play roles in its anti-inflammatory activity against
AV. To our knowledge, no previous studies have demon-
strated the roles of these phytochemical substances in the
pathogenesis of AV. Trigonelline (N-methylpyridinium-3-
carboxylate) is a phytochemical heterocyclic alkaloid*® with
established anti-inflammatory activity. Trigonelline has
been found to inhibit NF-kB and Toll-like receptor 4 (TLR4)
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expression in mice after lipopolysaccharide exposure.49

Vanillin is an aromatic aldehyde polyphenol.”’ Chemically,
the primary functional groups in this phenolic aldehyde are
R1 (aldehyde), R2 hydroxyl, and R3 (ether). The core
vanillyl group (hydroxy-3-methoxybenzyl) is formed by R2
and R3.°" Musa cavendishii has been found to contain
vanillin.”> Several investigations in inflammatory models
have shown that vanillin inhibits generation of the
proinflammatory cytokine TNF-o. and blocks NF-kf3
activation.” > In this study, we showed that vanillin
suppresses proinflammatory cytokines in AV. According to
the in silico studies, the mechanism for lowering
proinflammatory cytokines involves regulation of the NF-
kB pathway. M. cavendishii contains ferulic acid.” Ferulic
acid is antibacterial, owing to irreversible changes in
membrane  components caused by changes in
hydrophobicity, decreased surface negative charges, and
local rupture or creation of holes in the bacterial cell
membrane.”® According to a recent study, ferulic acid does
not have antimicrobial activity against P. acnes.” Our study
revealed that ferulic acid works only as an anti-
inflammatory agent, but not as an antibacterial agent,
against P. acnes. Rutin is a flavonoid that has been found to
be present in bananas’ 23758 and to inhibit the migration of
inflammatory cells. This effect is dependent on the
inhibition of NF-kf p65 phosphorylation.59 Furthermore,
rutin from bananas has been found to inhibit IFN-y
synthesis.(’o In this study, we demonstrated that MBPE
limits IFN-y production in AV by blocking NF-kB
phosphorylation. In silico results showed that rutin,
compared with the other investigated compounds, interacts
most easily with TLR2. Salsolinol has an asymmetric core
at C-1 and exists as R and S enantiomers. Our discovery of
salsolinol in bananas is consistent with the results of
previous studies.’’*> Salsolinol has been demonstrated to
decrease TNF-a. production.(’3 Herein, we observed that
salsolinol inhibited TNF-a production in the AV model.

Conclusions

In conclusion, rutin had the highest TLR2 affinity among
the analyzed phytochemicals in MBPE, and was found to
interact with TLR2 and the NF-kf pathway. MBPE was
found to have anti-inflammatory activity against AV by
suppressing nodule formation, inhibiting tissue inflamma-
tion, and decreasing proinflammatory cytokine production.
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