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Abstract Rhodomyrtus tomentosa leaf (RT)-incor-
porated transferosomes were developed with lecithin
and cholesterol blends with edge activators at differ-
ent ratios. RT-transferosomes were characterized and
employed in transferosomal gel formulations for the
management of skin and soft-tissue infections. The
optimized formulation entrapped up to 81.90+0.31%
of RT with spherical vesicles (405.3+2.0 nm),
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polydispersity index value of 0.16+0.08, and zeta
potential of — 61.62+0.86 mV. Total phenolic
and flavonoid contents of RT-transferosomes were
15.65+0.04 pg GAE/g extract and 43.13+0.91 pg
QE/g extract, respectively. RT-transferosomes dem-
onstrated minimum inhibitory and minimum bacte-
ricidal concentrations at 8-256 and 64-1024 pg/mL,
respectively. Free radical scavenging assay showed
RT-transferosomes with high scavenging activ-
ity against DPPH and ABTS radicals. Moreover,
RT-transferosomes demonstrated moderate activ-
ity against mushroom tyrosinase, with IC50 val-
ues of 245.32+1.32 pg/mL. The biocompatibility
results against 1929 fibroblast and Vero cells dem-
onstrated ICs, at 7.05+0.17 and 4.73+0.13 pg/mL,
respectively. In addition, nitric oxide production sig-
nificantly decreased by 6.78-88.25% following the
treatment with 31.2-500 ng/mL RT-transferosomes
(p<0.001). Furthermore, the freeze—thaw stability
study displayed no significant change in stability in
the sedimentation and pH of gel fortified with RT-
transferosomes. The results suggested that RT-trans-
ferosome formulation can be effectively employed as
natural biomedicines for scar prevention and the man-
agement of skin soft-tissue infections.
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Introduction

Skin and soft-tissue infections (SSTIs) cover various
illnesses, including general and complex infections.
SSTIs are often mild to severe moderately, includ-
ing microbial invasion of the skin and surface and
underlying soft tissues, and require various thera-
peutic agents for therapy (Stevens et al. 2005). An
etiologic diagnosis of cellulitis is often challenging
for patients with mild signs and symptoms of illness.
Most SSTIs are caused by Staphylococcus aureus and
Streptococci, which secrete extracellular polymeric
substances, which minimizes therapeutic drug activi-
ties and enhances colonization due to polysaccharides
intercellular adhesion (Kwiecinski et al. 2015). The
formation of staphylococci biofilm, particularly in
dermal wound infections and skin abscesses, usually
increases the severity and chances of bloodstream
infection (Cupane et al. 2012). SSTIs incidents have
grown recently due to the aging of general popula-
tions, an increase in the number of critically sick
patients, an increase in the number of immunocom-
promised patients, and the emergence of resistant
pathogens. Several studies indicated the severity
of antibiotics failure against patients infected with
SSTIs, resulting in increases morbidity and mortality
with a significant increase in hospitalization costs.
Due to the increasing resistance of S. aureus and
MSRA against major antibiotics, skin infections are
increasingly difficult to treat. Several studies indicated
that phenolic-rich extracts, mainly flavonoids and
acylphloroglucinol, possess a wide range of biologi-
cal applications, including antioxidant, anti-inflam-
matory, and antimicrobial, and can be an effective
alternative in management of SSTIs (Xavier-Santos
et al. 2022; Nwabor et al. 2021a, b). Recently rhodo-
myrtone, an acylphloroglucinol derivative compound
extracted from Rhodomyrtus tomentosa (family
Myrtaceae) native to Southern and Southeastern Asia
reported as a novel antibiotic. It is extensively used
in Thai traditional medicine for the treatment of diar-
rhea (Lavanya et al. 2012), dysentery (Lavanya et al.
2012), gynecopathy (Voravuthikunchai et al. 2010),
hemorrhage (Geetha et al. 2010), urinary tract infec-
tions (Voravuthikunchai et al. 2010), antiseptic wash
for wounds (Geetha et al. 2010), and in the treatment
of inflammatory acne lesions (Wunnoo et al. 2021).
Rhodomyrtone has been evidenced to possess antide-
pressant and anti-proliferative properties, affirming
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its use for various infectious complications (Ozi-
oma et al. 2022). Moreover, rhodomyrtone has been
reported to preferentially down-regulate transcripts
involved in epidermal responses, myeloid leukocyte
chemotaxis, and inflammatory responses (Chora-
choo et al. 2018). In addition, the excellent antibac-
terial activities of rhodomyrtone against Gram-posi-
tive pathogenic bacteria of medical importance with
safety and efficacy make it a potential candidate for
the management of SSTIs (Mordmuang et al. 2021).
Noninvasive self-administration of vesicular drug
delivery systems gained much interest recently due
to their several advantages against conventional drug
delivery systems. Fortification of phytoconstituents
using phosphatidylcholine (Patel et al. 2009; Kapoor
et al. 2023; Popat et al. 2023) and pure rhodomyrtone
(Chorachoo et al. 2013) within vesicles demonstrated
excellent improvement in its efficacy. Therefore, the
present study reports the extraction of rhodomyr-
tone-rich extract from Rhodomyrtus tomentosa leaf
and incorporation within vesicular drug delivery
transferosomes. Phosphatidylcholine fortified rhod-
omyrtone-rich extract from Rhodomyrtus tomentosa
leaf transferosomes was evaluated for antibacterial,
antioxidant, anti-melanogenesis, and anti-inflamma-
tory activity. Further, the transferosomes incorpo-
rated rhodomyrtone-rich extract was stabilized with
hydrogel and tested for structural compatibility, bio-
logical efficacy, and cytocompatibility against human
keratinocyte skin cells. Furthermore, the optimized
vesicle formulation was tested by the freeze—thaw to
ensure the stability of the formulations (Fig. 1).

Materials and methods
Materials

Purified rhodomyrtone (standard marker) was
obtained from the Natural Product Research Center
of Excellence, Prince of Songkla University. Acetoni-
trile (HPLC grade, 75-05-8), 85% orthophosphoric
acid (analytical grade, 7664-38-2), and ethanol (AR
grade, 64-17-5) were procured from Labscan Asia
(Bangkok, Thailand). L-a-phosphatidylcholine (Mw.
776 g/mol), cholesterol (Mw. 386.5 g/mol), trietha-
nolamine (Mw. 149.188 g/mol), tween 20 (density:
1.1 g/em?), tween 80 (density: 1.06 g/cm?), span 20
(density: 1.05 g/cm?®), span 80 (density: 0.98 g/cm?),
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Fig. 1 Graphical illustration of phosphatidylcholine fortified rhodomyrtone-rich extract from Rhodomyrtus tomentosa leaf transfer-

osomes

sodium deoxycholate (Mw. 414.6 g/mol), dimethyl
sulfoxide (DMSO: density: 1.1 g/cm?), glycerol (den-
sity: 1.26 g/cm®), 2,2-azino-bis (3-ethylbenzothiazo-
line-6-sulfuric acid) (ABTS*: Mw. 548.68 g/mol),
L-dopa Mw. 197.18 g/mol), tyrosinase enzyme from
mushroom (1000 U/mg), 2,2-diphenyl-1-picrylhdra-
zyl (DPPH: Mw. 394.32 g/mol), 3-(4,5-dimethylthia-
zole-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT),
2,4,6-tri(2-pyridyl)-s-triazine (TPTZ; Mw. 312.3 g/
mol), Folin-Ciocalteu (density: 1.24 g/em?®), gal-
lic acid (Mw. 170.12 g/mol), L-ascorbic acid (Mw.
176.12 g/mol), potassium persulfate (Mw. 270.33 g/
mol), sodium acetate (Mw. 82.03 g/mol), ferric chlo-
ride hexahydrate (Mw. 270.29 g/mol), sodium carbon-
ate (Mw. 105.98 g/mol), aluminum dichloride (Mw.
97.88 g/mol), sodium hydroxide (Mw. 39.99 g/mol),
gallic acid (GAE; Mw. 170.12 g/mol), quercetin (QE;

Mw. 302.236 g/mol), sulfanilamide (Mw. 172.202 g/
mol), and n-1-naphthylenediamine dihydrochloride
Mw. 259.17 g/mol) were purchased from Sigma-
Aldrich, Darmstadt, Germany. Carbopol ultrez-21
was purchased from Lubrizol, Ohio, USA. Bacte-
riological media, including Mueller Hinton broth
(MHB), tryptic soy agar, and tryptic soy broth (TSB)
were purchased from Difco (Port de Claix, France).
Fetal bovine serum (FBS) was purchased from Bio-
chrom Ltd (Berlin, Germany). Dulbecco’s Modi-
fied Eagle’s (DMEM) was purchased from Cytiya
Hyclone, Utah, USA. Penicillin/streptomycin (5000
U/mL), 2 mM stable L-glutamine, and trypsin were
purchased from Gibco, Thermo Fisher Scientific,
Inc (MA, USA). Bacteria, including Staphylococcus
aureus ATCC 25923 and Staphylococcus epidermidis
ATCC 12228, were obtained from a culture collection
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laboratory. Murine mouse fibroblast cell line (L929),
African green monkey epithelial kidney cell (Vero),
mouse macrophage cells (RAW 264.7), and human
keratinocyte cells (HaCaT) were procured from CLS
Cell Lines Service GmbH (Eppelheim, Germany).

Collection of leaf and extraction of
rhodomyrtone-rich extract

Rhodomyrtus tomentosa leaves were collected from
the Singha-Nakorn District, Songkhla Province,
Thailand, in February 2021. The voucher specimen
(NPRCoE 201701) is identified by Mr. Jarensak Sea
Wai. It has been deposited in the herbarium of the
Department of Biology, Faculty of Science, Prince of
Songkla University, Thailand. The leaves are washed
with tap water and dried in a hot air oven (Memmert
GmbH + Co. KG, Schwabach, Germany) at 60 °C for
24 h. The dried leaves are pulverized into powders
using an electric blender (Yongkang Tianqui Sheng-
shi Industry and Trade Co. Ltd., Yongkang, Zhejiang,
China) and extracted by maceration using ethanol
95% viv).

Fabrication of rhodomyrtone-rich extract fortified
transferosome

Vesicle entrapped RT-Tr was prepared by thin-film
hydration techniques, as reported (Mordmuang et al.
2015; Wunnoo et al. 2021; Chittasupho et al. 2023).
A blend of hydroalcoholic stock solution of L-a-
phosphatidylcholine and cholesterol containing rho-
domyrtone-rich extract was prepared with different
edge activators such as Tween 80, Tween 20, Span
80, Span 20, and sodium deoxycholate to formulate
stable transferosomes as presented in Table S1. The
composition of optimized formulations is shown
in Table 1. The oil and aqueous phase was parti-
tioned using sonication (Bandelin sonorex digitec,
Berlin, Germany) at 60 °C for 30 min until homo-
geneity. Then, the absolute ethanol was evaporated
using a rotary evaporator (Hei-Var-ML, Schwabach,
Germany) to form a thin-layer lipid film. The thin-
layer lipid film was hydrated with an aqueous phase
(10 mL), followed by shaking (WS-500, Beijing,
China) (5 min). Finally, the suspension was sonicated
at 60 °C for 30 min to obtain uniform shape vesicle
entrapped with or without rhodomyrtone-rich extract
transferosome. Furthermore, the transferosomes were
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Table 1 The composition of optimized transferosome formu-
lations

Formulation Lipid phase  Surfactant RT (w/w) Aqueous
code (w/v) phase

S Iv)
SPC CHOL SDC

RT-Tr5 0.74 0.092 0.1 0.5 Water
RT-Tr10 0.74 0.092 0.2 0.5 Water
RT-Tr15 0.74 0.092 1 0.5 Water

SPC L-a-phosphatidylcholine from soybean, CHOL cho-
lesterol, SDC sodium deoxycholate, RT rhodomyrtone-rich
extract from Rhodomyrtus tomentosa leaf

quantified for color using CIE L* a* b* color space
instrument (ColorFlex, USA) with calibration by
the manufacturer’s standard white plate as reported
(Singh et al. 2022a, b). The L* value measures the
lightness of the sample, a* indicates the red versus
green in the sample, and b* measures the yellow ver-
sus blue in the sample. The parameters L*, a*, and b*
were used to calculate Chroma, Hue angle, AE (total
color change) and browning index (BI).

Vesicle sizes, zeta potential, and entrapment
efficiency of rhodomyrtone transferosome

Vesicle size and zeta potential were quantified by
dynamic light scattering (DLS) and electrophoretic
light scattering techniques using Malvern Zetasizer
(Malvern Instruments Ltd., Malvern, UK) as reported
(Nagime et al. 2023). The entrapment efficacy was
quantified using UFLC Shimadzu HPLC system
equipped with an SPD-M20A photodiode-array
detector, SIL-20A HT auto-sampler (Shimadzu Corp.
Kyoto, Japan). Briefly, the measured volume (1 mL)
of vesicles entrapped RT-Tr was centrifuged using
ultracentrifuge (Hettich zentrifugen MIKRO 220R,
Tuttlingen, Germany) at 40,000 rpm for 30 min, and
the supernatant diluted with methanol. The transfero-
some samples were filtered by PhreeTM Phospholipid
Removal (Phenomenex, CA, USA) to remove impuri-
ties and injected in HPLC with appropriate dilutions.
Rhodomyrtone separation was carried out on a C18
column (Kinetex 5u EVO C18 100A 250X 4.6 mm,
Phenomenex, CA, USA) using a mobile phase con-
sisting of acetonitrile in water (85:15, v/v) at a flow
rate of 1 mL/min with a detection wavelength of
254 nm using PDA detector. The quantification of
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rhodomyrtone was calculated from the rhodomyrtone
standard curve (y=1.96x+7.15; r=0.999).

Antimicrobial activity, antioxidant efficacy, and
quantitative phytoconstituents analysis

Gram-positive S. aureus ATCC 25923 and S. epi-
dermidis ATCC 12228 were cultured on tryptic soy
agar at 37 °C for 18 h and stored at — 80 °C in tryp-
tic soy broth containing 20% glycerol. The microdi-
lution method evaluated the antibacterial activity of
optimized RT-Tr against reference strains according
to Clinical and Laboratory Standardization Institute
guidelines (CLSI 2016; Singh et al. 2023a). In brief,
two-fold dilutions of transferosome vesicle entrapped
RT (8-1024 nug/mL) were treated with diluted bacte-
rial suspension (10% CFU/mL) and incubated for 18 h
at 37 °C. The lowest concentration that completely
inhibited the bacteria growth was recorded as the
MIC (pg/mL). The MBC was determined using the
spot plate technique by seeding 10 pL aliquots from
wells without growth on TSA. The radical scaveng-
ing efficacy of RT-Tr was evaluated using DPPH and
ABTS™ radical scavenging assay, as reported previ-
ously (Singh et al. 2022a, b; Auberon et al. 2023).
The total phenolic (TPC) and flavonoid contents
(TFC) within RT-Tr were determined using Folin-
Ciocalteu and aluminum chloride assays as previ-
ously reported (Nwabor et al. 2020; Lei et al. 2023)
and were expressed in milligram GAE equivalent per
milligram of extract and milligram QE equivalent per
milligram of extract.

Mushroom tyrosinase inhibition assay

As reported previously, the mushroom tyrosinase
inhibition efficacy of optimized RT-Tr was deter-
mined by DOPA-chrome method (Singh et al. 2023b).
Concisely, 685 pL of phosphate buffer (0.05 M,
pH 6.5), 15 pL of mushroom tyrosinase (2500 U/
mL), 200 pL of transferosome solution in the con-
centration range of 16-2048 ug/mL, and 100 pL of
5 mML-DOPA were transferred to the 2000 pL
microcentrifuge. After addition L-DOPA, the reac-
tion was immediately monitored at 492 nm using
microplate reader (Biohit 830, Biohit, Helsinki, Fin-
land) for dopachrome formation in the reaction mix-
ture. L-ascorbic acid was used as a positive control.
Each measurement was made in triplicate.

Cytocompatibility of transferosome

Cytotoxicity of optimized RT-Tr against the murine
fibroblast cell line (L.929), African green monkey
epithelial kidney cell (Vero), and macrophage (RAW
264.7) cell was evaluated as reported (Chorachoo
et al. 2016). The cells were cultured in high glucose
Dulbecco’s Modified Eagle Medium (DMEM) sup-
plemented with 10% fetal bovine serum and 100 pg/
mL streptomycin and, 100 pg/mL penicillin solu-
tion. Approximately 1x10* cells/well were seeded
in 96—well plates and incubated at 37 °C in an incu-
bator humidified with 5% CO, at 37 °C. After 24 h
incubation, the spent medium was replaced with fresh
DMEM medium. The RT-Tr was diluted two-fold in
the wells containing DMEM to yield a final concen-
tration of 1-1000 pg/mL for 1929 and Vero cells,
while RAW 264.7 was treated with a concentration of
7.8 — 1000 ng/mL equivalent of rhodomyrtone. Cells
without added compound were used as a negative
control. After 24 h incubation, cells were evaluated
for viability by MTT assay at a wavelength of 570 nm
using a microplate reader (Biohit 830, Biohit, Hel-
sinki, Finland).

Measurement of nitric oxide secretion

The effects of optimized RT-Tr on nitric oxide (NO)
secretion were quantified as reported with modifi-
cation (Syukri et al. 2021). RAW 264.7 cells were
plated in 96-well plate at a seeding density of 1x10*
cells/well. After 24 h incubation, the spent medium
was replaced with fresh DMEM containing optimized
RT-Tr to yield a final concentration of 3.91-500 ng/
mL equivalent rhodomyrtone. Subsequently, the cells
were treated with LPS (50 ng/mL) after an hour to
avoid direct interaction. The optical density of super-
natant was measured for nitrite level using Grise
reagent at 540 nm using a microplate reader (Biohit
830, Biohit, Helsinki, Finland), and nitrile level was
quantified in percentage from a standard nitrite curve.
Data were expressed as a percentage of nitrite levels
relative to the nitrite obtained from cells alone in the
LPS-treated cells. Furthermore, the selectivity index
(SI) was calculated for transferosome fortified with
rhodomyrtone-rich extract. Moreover, the RAW 264.7
cells obtained from NO quantification were tested for
biocompatibility using MTT assay.
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Fortification of transferosomes in hydrogel

The optimized RT-Tr formulation was stabilized
using Carbopol ultrez-21 as a gelling agent. Briefly,
the gel was formulated using 0.5% w/v gelling agent
and 0.1% v/v propylene glycol as emollient. Carbopol
ultrez-21 (0.5% w/v) was slowly added in the colloi-
dal suspension of optimized vesical entrapped trans-
ferosomes fortified with rhodomyrtone-rich extract
with stirring on a magnetic stirrer (SP88857200,
Fisher Scientific, USA) followed by addition of pro-
pylene glycol and pH regulator triethanolamine. The
trapped air bubble was removed by storing overnight
in a refrigerator (RT32K5554, Samsung, Thailand) at
4 °C.

Gelling polymer compatibility, physical appearance,
viscosity, spreadability, extrudability, and swelling
ratio of hydrogel

The functional compatibility of RT-optimized
RT-Tr, and RT-Tr stabilized hydrogel was character-
ized using Fourier Transformed Infrared Spectros-
copy (FTIR: BRUKER IFS-66 V, Germany) in an
acquisition range of 4000-400 cm™!, with a 4 cm™!
resolution. The physical appearance and homogene-
ity were monitored visually by the naked eye. The
viscosity was quantified using a Brookfield viscom-
eter (Brookfield DV-III, USA) with spindle no 3,
at 25+ 1 °C. Spreadability and extrudability were
determined, as reported previously (Singh et al.
2021). Briefly, an excess of hydrogel was com-
pressed between two glass plates, the time required
to detach the glass plate from each other under an
applied force of 0.784 N was recorded as spreadabil-
ity force using an equation.

MXxL

Spreadibility =

where weight (M) in g is kept over the glass slide to
move a distance of ‘L’ in cm in time ‘t’ (s).

RT-Tr stabilized hydrogel was transferred to a
collapsible aluminum tube in appropriate quan-
tity and sealed from one end. A weight of 50 g was
applied over the tube opening, the quantity of hydro-
gel extruded was weighed, and the percentage extru-
sion was calculated. The hydrogel swelling index
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was evaluated as reported previously (Ontong et al.
2023). In brief, warm air-dried hydrogel (500 mg)
was placed inside a pours bag. The bag was weighed
before (W,) and after (W;) immersion in demineral-
ized water at 37 °C. The gel-swelling ratio was cal-
culated using the equation.

o Wi =W,
Swelling index = W x 100

Biological activity and cytocompatibility of
transferosome incorporated hydrogel

RT-Tr and RT-Tr stabilized hydrogel were tested
for the antibacterial zone of inhibition against S.
aureus and S. epidermidis using the well diffu-
sion method. The cytotoxicity of test hydrogel was
tested against human keratinocytes cells (HaCaT).
Briefly, HaCaT cells were seeded in a 96-well
plate at a seeding density of 1x 10* cells/well and
treated with RT-Tr hydrogel diluted with DMEM in
the range of 7.8-1000 ng/mL equivalent to rhodo-
myrtone. Cells without treatment were considered
as a negative control. The cell viability was quan-
tified by MTT assay at a wavelength of 560 nm
using a microplate spectrophotometer (Biohit 830,
Biohit, Helsinki, Finland) after 24 h of incubation.

Stability study

RT-Tr was tested by freeze—thaw test. Briefly,
RT-Tr was stored in the stability chamber at 45 °C
for 2 day and the refrigerator at 4 °C for 2 days, for
5 cycles. The samples were collected, and pH, vesi-
cle size, surface charge, entrapment efficiency, anti-
microbial activity, radical scavenging efficacy, and
tyrosinase inhibition efficacy were measured.

Statistical analysis

All experiments were performed in triplicate, and
results were presented as mean+SD. One-way
ANOVA followed by Dunnett’s test was used to
analyze the significance difference using Graph-
Pad, Version 8 (GraphPad Software Inc., La Jolla,
CA, USA). A significant difference was considered
as p<0.05.
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Table 2 The stability, physical appearance, particle size, zeta potential, and entrapment efficiency of transferosomes

Formulation code Physical property Size (nm) Zeta (mV) PDI Stability test % EE Conc. (pg/mL)
Tr-5 Dark brown-green cloudy 457.5+3.6 —44.79+0.76 0.33+0.02 Stable 37.52+2.56 75.50+0.16
Tr-10 Yellowish green turbid 419.2+2.6 —31.15+1.46 0.13+0.01 Stable 47.77+0.10 96.29+0.20
Tr-15 Brown clear 405.3+2.0 —61.62+0.86 0.16+0.08 Stable 81.90+0.31 164.84+0.62
NT Not tested, Ppt Precipitate, PDI polydispersity index
Table 3 Color responses and corresponding L, a, b, and E values of transferosome formulations
Formulations L* a* b* Hue Chroma AE BI

=== Control 19.96+0.07 —0.53+0.07 1.76 +£0.07 —-0.25+2.72 1.84+0.06 20.04+0.07 7.07+0.52
&-
- Tr-5 29.10+0.05 —1.80+0.01 7.20+0.06 —-0.86+0.06 7.42+0.05 30.03+0.04 22.90+0.31
- Tr-10 30.09+0.26 —1.24+0.025 9.08+0.01 —0.64+0.18 9.16+0.01 31.45+0.02 31.74+0.05
- Tr-15 18.99+0.25 0.78+0.02 1.41+0.04 —-0.23+0.13 1.61+£0.02 19.06+0.02 10.53+0.15

L* lightness, a* redness, b* yellowness, AE total color difference, BI browning Index

Results and discussion

Physicochemical characteristics, vesicle sizes, zeta
potential, and entrapment efficiency of rhodomyrtone
transferosome

Rhodomyrtus tomentosa leaf extract rich in phloro-
glucinol demonstrated significant efficacy against
potential pathogens and is considered as novel
antibiotic. Moreover, several studies indicated the
excellent efficacy of rhodomyrtone against gram
positive pathogen makes it a potential candidate
as therapeutic agents against SSTIs. The results of
physicochemical properties, color analysis, vesicle
size, ZP, and EE (%) of fabricated transferosome
vesicles formulations were presented in Table 2
and S2. RT-Tr displayed yellowish brown to dark
brown with suitable physical properties prepared
using tween 20, tween 80, span 20, span 80, and
sodium deoxycholate as edge activator, whereas
the formulation containing tween 20, tween 80,
span 20, span 80 were precipitated after prepara-
tion. The vesicle size of RT-Tr was observed in the

Table 4 pH values before and after thaw test

Code pH before thaw test pH after thaw test
RT-Tr5 6.46+£0.02 6.40+£0.05
RT-Tr10 6.93+0.01 7.01+£0.02
RT-Tr15 7.50+£0.01 7.41+0.01

range of 405-457 nm with a polydispersity index
of 0.1-0.3, indicating that the transferosomes were
homogeneously dispersed. ZP determination is a
significant characterization technique of transfer-
osomes vesicles that estimates the charge, which is
employed for understanding the physical stability of
the colloidal suspension. The ZP of the RT-Tr was
observed in the range of — 31 to — 61 mV. Encapsu-
lation efficacy was calculated as percentage of rho-
domyrtone entrapped within the RT-Tr. The color
analysis displayed light yellowish and dark brown-
ish color for RT-Tr, as presented in Table 3. While
pH analysis indicated acidic nature of formulations
(Table 4) might be due to the polarity solvent used
for extraction. The EE (%) of RT-Tr formulations
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ranged from 37.5 to 81.90 of target concentration
within vesicles. The RT-Tr vesicles containing lipid
in the ratio of 0.74:0.092 (% w/v) with SDS (1%
w/v) demonstrated the highest EE (%). The entrap-
ment efficiency of hydrophobic drugs depends on
several factors, including the fabrication techniques,
geometry of vesicles, lipid concentration, physico-
chemical properties of the incorporated compound,
possible lipid-drug interactions, and composi-
tion of colloidal suspensions (Abd EI Azim et al.
2015). Based on EE (%), RT-transferosome vesicles
RT-Tr15 was considered as optimized and target for-
mulations for further assessments. The morphology
of the vesicles was further evaluated by SEM, indi-
cating the vesicular characteristics shape (Fig. 2).
The morphological results of phosphatidylcholine
fortified rhodomyrtone-rich extract transferosomes
vesicles using SEM demonstrated spherical in shape
with a relatively monodispersed size distribution.

Antimicrobial activity, antioxidant efficacy, and
quantitative phytoconstituents analysis

Rhodomyrtus tomentosa is a medicinal plant with vast
phytochemical diversity and pharmacological activity
(Ozioma et al. 2022). Minimal inhibitory concentra-
tion (MIC) and minimum bactericidal concentration
(MBC) of RT-Tr against S. aureus and S. epider-
midis ranged from 8-128 and 64-1024 pg/mL, and
8-256 and 64-1024 pg/mL, respectively (Table 5).
A previous study indicated MIC of 31.25 pg/mL and
32-512 pg/mL against free R. tomentosa ethanolic
leaf extract against S. aureus and S. epidermidis,
respectively (Ozioma et al. 2022). Rhodomyrtus
tomentosa leaf extract exert antibacterial activity by
disruption of cytoplasmic membrane with induced
cell lysis or cell membrane (Limsuwan et al. 2012).
Another study indicated that the pure rhodomyrtone
isolated from R. fomentosa caused abnormalities at
both the cell wall and membrane (Sianglum et al.

Fig. 2 The morphology of phosphatidylcholine fortified rhodomyrtone-rich extract transferosomes vesicles RT-Tr5 (A), RT-Tr10

(B), RT-Tr15 (C) using scanning electron microscopy
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Table 5 Minimal
inhibitory concentration

Code MIC/MBC (pg/mL)

(MIC) and minimum

Staphylococcus aureus

Staphylococcus epidermidis

bactericidal concentration
(MBC) of RT-transfersomes

Before thaw test

After thaw test Before thaw test After thaw test

against Staphylococcus

aureus ATCC 25923 and RT 32/64

Staphylococcus epidermidis RT-Tr5 128/1024

ATCC 35984 RT-Tr10 64/512
RT-Trl5 8/64

RT Rhodomyrtus tomentosa Vancomycin 0.5/0.5

NT 32/64 NT
128/1024 256/1024 256/1024
64/512 64/512 64/512
8/64 8/64 8/64

NT 0.5/1 NT

leaf, NT Not tested

2011, 2012) with competitively binding to the bacte-
rial cell division protein and inhibitory constant FtsZ
(Chorachoo et al. 2015; Saeloh et al. 2017). This
result indicated improvement in antimicrobial activity
after fortification with lipid-based vesicles due to par-
tition coefficient of lipids within the membrane.
Antioxidants play an important role in regulating
reactive radical species by modulating intracellular
oxidative stress. Polyphenols are considered potential
adjuvant therapy for the scavenging of free radicals.
The in vitro antioxidant properties of the phenolic-
rich RT-Tr demonstrated inhibitory activities against
the stable free radical molecules DPPH and ABTS
with an ICs, of 59.94+2.01 and 148.13+1.01 pg/
mL, respectively (Table 6). Total phenolic and fla-
vonoid contents of RT-Tr yielded 15.65+0.04 pg
GAE/g extract and 43.13+0.91 nug QE/g extract,
respectively. However, RT demonstrated DPPH and
ABTS radical scavenging with ICs, of 7.79+0.03 and
4.03+£0.02 pg/mL, respectively (Idris et al. 2022).
Moreover, RT indicated 191.97+0.19 mg GAE/g
extract and 29.11+0.05 mg QE/g extract of TPC
and TFC, respectively (Idris et al. 2022). The change
in potency of radical scavenging is attributed to the

Table 6 Antioxidant profile of RT 15-transfersomes formulation

incorporation of target concentration and entrapment
of therapeutic agent within vesicles. The antioxi-
dant potential of transferosome vesicles agrees with
FTIR spectral analysis, indicating the abundance of
hydroxyl groups that can donate electrons or hydro-
gen to radicals (Olatunde et al. 2019).

Mushroom tyrosinase inhibition assay

Abnormal melanogenesis results in excessive mela-
nin production, leading to pigmentation disorders
development. As a key and rate-limiting enzyme for
melanogenesis, mushroom tyrosinase has been con-
sidered an important target in developing dosage
forms against pigment disorder. The results of the
tyrosinase inhibition assay indicates that RT-Trl5
displayed moderate activity against mushroom tyrosi-
nase enzyme, with ICs, values of 245.32+1.32 g/
mL, compared with standard ascorbic acid (ICs:
112.38 +1.23 pg/mL). This result indicates the pres-
ence of multiple hydroxyl groups within vesicle-
entrapped rhodomyrtone-rich extract, a revisor of
natural phenolic compounds responsible for anti-mel-
anogenesis efficacy. Moreover, the position, number,

Analysis RT-Tr15 Ascorbic acid Quercetin
Before thaw test After thaw test

DPPH ICy, (pg/mL) 57.94+2.01 56.30+2.51 NA 8.94+1.35

ABTS ICs, (pg/mL) 148.13+1.01 200.93+0.39 3.85+0.44 NA

Total phenolic content (ug GAE/g extract) 15.65+0.04 12.50+0.01 NA NA

Total flavonoid content ug QE/g extract) 43.13+091 34.83+0.36 NA NA

Tyrosinase inhibitory activities 245.32+1.32 340.72+1.70 112.38+1.23 NA

DPPH 2,2-diphenyl-1-picrylhydrazyl, ABTS 2,2’-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid), GAE gallic acid equivalent, QF
quercetin equivalents, /Cs, 50% inhibitory concentration, R7-15 transfersomes formulation, NA not applicable
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and presences of hydroxyl group with sugar moieties
are generally related to tyrosinase inhibition efficacy
(Lu et al. 2019). The inhibition of tyrosinase is impor-
tant in preventing melanin accumulation, especially
in facial skin. Therefore, vesicular entrapped tyrosi-
nase inhibitors are an attractive target in the develop-
ment of cosmetics for treating pigment disorders.

Cytocompatibility of transferosome

Cell culture assay assess the biocompatibility of drug
incorporated in the delivery system using isolated
cells in vitro. Moreover, these techniques are useful in
evaluating the toxicity or irritancy potential of mate-
rials or chemicals tested. Thus, the biocompatibility
of test RT-TR15 transferosomes was tested against
1.929 cells, Vero cells, and RAW 264.7 cells to ensure
the safety and efficacy of end users. The results of
the mitochondrial MTT assay displayed cytotoxic-
ity on L929 cells, Vero cells, and RAW 264.7 with
ICsy of 7.05+0.17 pg/mL, 4.73+0.13 pg/mL, and
3.95+0.11 pg/mL, respectively (Table 7). The results
demonstrated that the RT-Trl5 vesicles were less
toxic to L929 cells than Vero cells, equivalent to a
20-fold higher selectivity, compared to doxorubicin.
In previous report, the ethanol extract against 1.929
cell and Vero cell showed ICs;, of 476 pg/mL (Saising
et al. 2012) and 44.87 pg/mL, (Marwati et al. 2021)
respectively, whereas slight toxic at 50 pg/mL against
macrophage cells. In addition, pure rhodomyrtone
displayed the ICs, of 200 pg/mL against L929 (Sais-
ing et al. 2012), while macrophage showed a viability
of ~80% at 2 pg/mL. Moreover, microwave-assisted
extract exhibited>86% of viability against RAW
264.7 cells concentration ranging from 50-600 ng/
mL (Ontong et al. 2023). Furthermore, zebra fish

Table 7 Minimum inhibitory concentration (ICs,) of RT-Tr15
or doxorubicin against murine mouse fibroblast cell line
(L929), African green monkey epithelial kidney cell (Vero),
and mouse macrophage cells (RAW 264.7) determined by
MTT assays after 24 h treatment

Cells ICs, (ng/mL)

RT-Trl15 Doxorubicin
Vero 4.73+0.13 2.38+0.15
L929 7.05+0.17 0.35+0.03
RAW 264.7 3.95+0.11 -

@ Springer

model, ~80% survival of embryos was demonstrated
when treated with pure rhodomyrtone at 0.5 pg/mL
(Siriyong et al. 2020). Although RT-Trl5 demon-
strated biocompatibility in a dose-dependent manner
against tested cells, the results suggested that rhodo-
myrtone-rich extract-fortified transferosome vesicles
were more toxic than previous report due to their rich
in rhodomyrtone content. In previous study with or
without microwave assisted Rhodomyrtus tomentosa
leaf extract fortified topical gel was tested for safety
on human volunteers, the results of hematological
and biochemical analysis suggested the formulation
was safe at tested concertation (Ontong et al. 2023).
Hence, the lipid fortified RT-Tr15 within gel can be
effectively employed for the management of skin and
soft-tissue infections.

Measurement of nitric oxide secretion

The effect of nitric oxide secretion and RAW 264.7
cell viability in the presence of LPS (50 ng/mL)
is presented in Fig. 3. Natural phloroglucinol has
shown significant anti-inflammatory activity in
various in vitro and in vivo reports. Several stud-
ies successfully indicated the anti-inflammatory
and immunomodulatory efficacy of rhodomyrtone
and phenolic-rich R. fomentosa leaf extract (Jeong
et al. 2012; Lavanya et al. 2012). The ability to rho-
domyrtone to modulate the expression of several
pro-inflammatory cytokines, including prostaglan-
din (PG), cyclooxygenase (Pepperberg et al. 2000),
inducible NO synthase (iNOS), interleukin-1 (IL-1),
interleukin-6 (IL-6), interleukin-12 (IL-12), interleu-
kin-18 (IL-18), tumor necrosis factor-alpha (TNF-
o), nuclear factor-kB (NF-kB3), extracellular signal-
related kinase (Jarvinen et al. 2021), toll-like receptor
(TLR), mitogen-activated protein kinase (MAPK),
spleen tyrosine kinase (Syk and Src), interleukin-
lassociated kinase (IRAKI1), interleukin-4 associ-
ated kinase (IRAK4) (Jeong et al. 2013), in addition
to their antioxidant and reactive oxygen scavenging
efficacy (Lavanya et al. 2012) are well documented.
Therefore, rhodomyrtone-rich extract incorporated
transferosome vesicles at 3.9 500 ng/mL were further
tested for anti-inflammatory efficacy on LPS (50 ng/
mL) stimulated macrophages. Alone treatment of
cells with LPS was considered a positive control, and
cell alone was tested as negative control. The results
of NO displayed a dose-dependent reduction of NO
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Fig. 3 Nitric oxide secretion was detected by the Griess rea-
gent after stimulation with lipopolysaccharides (50 ng/mL)
and with RT-Tr15. Data are presented as mean+SEM of two
independent experiments performed in triplicate. *p<0.05,
###) <0.001 vs. cell alone; *p<0.05, **%%p<0.001 vs. the

secretion. A previous study on rhodomyrtone-rich
microwave extract demonstrated significant concen-
tration-dependent downregulation of LPS-induced
IL-6, IL-1B, iNOS, and COX-2 mRNA (Ontong et al.
2023). Thus, the results suggest that the RT-Tr15 can
be considered as a potential candidate for mitigation
of SSTTs.

Gelling polymer compatibility, physical appearance,
viscosity, spreadability, extrudability, and swelling
ratio of hydrogel

Rhodomyrtone-rich extract from R. fomentosa leaf,
RT-Tel5 vesicle incorporated bioactive, and stabi-
lized with hydrogel were characterized by ATIR-
FTIR spectroscopy (Fig. 4). The RT is a complex
mixture of various phytoconstituents, which can be
easily seen from FTIR spectrum where some absorp-
tion peaks were present. The broadband ~3300 cm™!
is assigned to intermolecular bounded OH stretching
of alcohol, intermolecular bonded week OH stretch-
ing of alcohol attributed to~2900 cm™!, and NH
stretching corresponds to~2800 cm™'. The absorp-
tion rangs from 2000 to 1650 cm™! ascribed to CH
bending,~ 1550 cm™' assigned for NO stretching,
and CH bending corresponds to~ 1450 cm™'. More-
over, FTIR spectra ranging from 1400-1330 cm™!,
1200-1050 cm™', and 800-717 cm™" are attributed
to OH bending, CO stretching, and CC bending,
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lipopolysaccharides stimulated group. The combined effect of
RT-Tr15 with lipopolysaccharides on RAW 264.7 cells viabil-
ity using MTT assay. **p<0.05, ***p<0.01, ****p<0.001
vs. cell alone

respectively. No significant shift in the absorp-
tion band was observed for extract and extract-for-
tified transferosomes. However, a slight change of
3330 cm™", 2921 cm™, and 2852 cm™' to 3341 cm ™',
2976 cm™!, and 2861 cm™', respectively indicated
intermolecular bonding between phosphatidylcho-
line and extract. The polarity of propylene glycol was
reflected as improved hydrogen bonding ~ 1440 cm™!
(Ontong et al. 2023). The shift and disappearance of
major peaks of significant peaks of rhodomyrtone-
rich extract entrapped in vesicles stabilized within
hydrogel were observed due to the dipole interaction
between the polar groups of sialic acid and the hydro-
phobic acyl chains that would restrict the symmetric
and asymmetric stretching vibration of CH, groups
within gelling polymer (Chen and Chiang 2020).
The FTIR spectra indicate no chemical interactions
between extract and extract incorporated within the
vesicle within the stabilized hydrogel.

The results of physical appearance showed that
the gel base was transparent. However, the fortifica-
tion of RT in the vesicles-stabilized hydrogel was
dark green. The test and control gel pH were 6.8
and 7.2, respectively. The result of rheology was
recorded using a Brookfield viscometer, indicating
a significant reduction in the viscosity of test gel
compared with control gel base due to pseudoplas-
tic behavior of formulations. Moreover, a decrease
in the viscosity of test formulation was attributed
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Fig. 4 Vibrational intensity
and structural analysis of
RT (A), RT-Tr15 transfero-
some (B), RT-Tr15 transfer-
osome stabilized hydrogel
(C), and control gel base
(D) using ATR-FTIR in

the spectral region range
between 4000 — 650 cm. ™!

1548

to the non-Newtonian behavior of formulations
that altered with shear stress (Ontong et al. 2020).
The rheological property of hydrogel affects the
extrusion and spreadability of formulation from
the squeeze tube, which is an important criterion
during formulation application and patient accept-
ance. Moreover, the spreadability of gel differs

@ Springer

due to the presence of bioactive components, pol-
ymer concentration, chain length, polydispersity,
and proportion of pH regulator. RT-Tr15 stabilized
hydrogel and control gel base showed a spread
time of 10.24+0.16 s and 14.6+38 s, respectively.
While the percentage extrudability was observed
20.06+0.21 and 24.29+0.48 for test and control
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gel, respectively, indicating that the concentration
of gelling polymer in formulation had adequate con-
sistency. In addition, the results of the swelling ratio
of RT-Trl5 stabilized gel (170.17 +19.0%) demon-
strated a slight reduction compared to the control
gel base (198.19+16.1%).

Biological activity and cytocompatibility of
transferosome incorporated hydrogel

Gram-positive S. aureus and S. epidermidis are
important microorganisms located on human skin
and mucosal surface with ability of causing noso-
comial infections due to wide usage of medicated
topical products representative strain to confirm
the antimicrobial efficacy of transferosomes were
retained with stabilized hydrogel. The results of
the antimicrobial zone of inhibition are presented
in Table 8 and Fig. S3. The test and control trans-
ferosome stabilized hydrogel showed antimicrobial
with a zone of inhibition of 19.25 +0.64 (mm) and
17.87+0.62 (mm) against S. aureus and S. epi-
dermidis, respectively. The gel base fortified with
standard vancomycin exhibited a zone of inhibi-
tion of 15.16+0.7 (mm) and 12.83+0.28 (mm).
In contrast, gel base alone did not show a zone of
inhibition against S. aureus and S. epidermidis,
respectively. These results indicated the superior
effect of vesicle incorporated rhodomyrtone- rich
extract. Furthermore, the test and control gel base
cytocompatibility was investigated against HaCaT
cells at 7.8-1000 ng/mL. The results of the MTT
assay indicated ~99.9% of HaCaT cell viability at
250 ng/mL (Fig. 5). This result corroborated with
previous rhodomyrtone-rich microwave-assisted R.

Table 8 Zone inhibition of formulations against (A) Staphy-
lococcus aureus ATCC 25923 and (B) S. epidermidis ATCC
12228

Formulation Zone inhibition (mm)

Staphylococcus aureus  Staphylococ-
cus epider-
midis

Gel with RT-Tr15 19.25+0.64 17.87+0.62
Gel with Vancomycin 15.16+0.76 12.83+0.28
Control gel base NA NA
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Fig. 5 Biocompatibility of phosphatidylcholine fortified rho-
domyrtone-rich extract transferosomes vesicles against human
keratinocyte cells (HaCaT) at 7.8—1000 ng/mL. ****p <0.001
vs. cell alone

tomentosa extract-incorporated topical gel-treated
HaCaT cells (Ontong et al. 2023).

Stability study

An important requirement for the effective use of
transferosomes vesicles is the demonstration of con-
trolled size, ZP, and performance stability in the
final dosage form. The freeze-thawed stability study
results suggested maintained pH, vesicle size, zeta
potential, EE (%), antimicrobial activity, radical scav-
enging efficacy, and tyrosinase inhibition efficacy of
RT-transferosomes with no sedimentation (Tables 4,
5, and 6). Moreover, the result indicated that the RT-
transferosomes stabilized hydrogel retained the physi-
cal property after storage for 30 days at 4 °C.

Conclusion

Phosphatidylcholine blend with cholesterol and
sodium deoxycholate fortified rhodomyrtone- rich
extract from Rhodomyrtus tomentosa leaf transfer-
osomes vesicles demonstrated improved anti-inflam-
matory and antimicrobial activity. Rhodomyrtone-
rich extract incorporated vesicles stabilized with
hydrogel showed good physical and antimicrobial
activity with significant hydrogen bonding between
the vesicle and gelling agent. The anti-inflammatory
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activity and cytocompatibility supports the excellent
bioactive property of rhodomyrtone-rich extract as
an effective agent in managing skin and soft tissue
infections.
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