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Summary
Binary Ethosomes for Enhancing Skin Delivery of Rutin by Solvent Injection

Rutin, a natural extract from buckwheat, tea, and apple, has powerful pharmacological properties, especially antioxidant
effects. However, the bioactivity of rutin is limited since it has low solubility and poor permeability. Nanovesicles, especially
ethosomes, have been a non-invasive drug carrier for skin delivery with high entrapment efficiency and stability. In this
research, the simple solvent injection was used to fabricate classical ethosomes, and binary ethosomes. Various polyols, like
propylene glycol, isopropyl alcohol, and glycerol at different ratios were investigated in rutin binary ethosome preparation.
Then, rutin ethosomes were characterized by physical properties, loading efficiency, drug release, and short-term stability. The
optimum binary ethosomes were made from the mixture of ethanol and glycerol at the ratio of 3:7. Rutin binary ethosomes had
a lower size than classical ethosomes and better stability during 30 days. Rutin ethosomes posed sustained release through
dialysis membrane and mouse skin and significantly improved the drug release in the Franz cell model. Therefore, binary
ethosomes could be considered as potential nanovesicles to deliver rutin via the skin route.

Keywords: Ethosomes, Classical ethosomes, Binary ethosomes, Skin delivery, Rutin.
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1. Introduction

Herbal medicines have been used to treat
various diseases for thousands of years in history.
In modern pharmaceutics, bioactive compounds
and their derivatives, extracted from natural
sources, have been recognized as new alternative
drugs and supplements, to improve human
health, cure, and prevent pathologies [1]. Rutin is
a significantly familiar Vietnamese herbal
compound, from Sophora japonica L., and is
traditionally used in daily life in the form of tea,
food, and even as an active pharmaceutical
ingredient in marketed drugs [2]. In terms of
chemistry, rutin is a flavonol glycoside between
quercetin and disaccharide rutinose. Rutin has
activities of kidney protection, neuroprotection,
hepatitis protection, inflammation, antidiabetic,
anticancer, reducing blood pressure, etc. The
bioactivity of rutin refers to its capabilities of
regulating and signaling pathways involving gene
expression, oxidative stress, apoptosis...[3],[4].[5].
In dermatology, bioactivities such as antioxidant,
free-radical scavenging, oxidative-stress prevention,
and collagen synthesis modulators enable rutin
usage for skin anti-aging, and skin protection [6].
Moreover, rutin is antibacterial [7], wound-
healing [8], skin-whitening [9], and UV
protectant, and strengthens the UV-blocking
ability of sun protection factor (SPF) agents [10],
which has been widely applied in skin products.
However, rutin and almost all bioactive natural
substances have a high molecular weight, poor
solubility, and low penetrability, which limit the
permeation into skin layers.

Therefore, nanotechnology has been used in
pharmaceutical preparations to make a number of
botanical bioactive substances more bioavailable,
target bioactive sites, and control drug release rate
[1]. Several pharmaceutical ingredients from
natural bioactive compounds, with applied
nanotechnology, were approved by US-FDA and
EMA [11]. For skin delivery, ethosomes have
been considered as one of the most outstanding
nanocarriers [12]. The combination of bilayer
nanostructure, composed of phospholipid and
ethanol, enables facile penetration of ethosomes
into the skin layer, as well as improves the stability
and deformity compared to liposomes (Fig. 1.)
[13]. Ethanol in ethosomal structure causes two
effects to enhance the penetration through the

skin layer of active pharmaceutical ingredients
(API) [14]. In the former effect, ethanol interacts
with the hydrophobic head in the stratum
corneum, which softens and loosens the stratum
corneum layer. Consequently, APIs penetrate
through the skin efficiently. In the latter effect,
ethanol in vesicle structure improves the ability
to fuse membranes, facilitating the process of
API permeation into dermal and hypodermal
cells. Ethosomes, with the mmvolvement of other
polyols, such as PG [12],[15], IPA [16], and
glycerol [17], are called binary ethosome. Binary
ethosomes have greater stability and drug
permeability than classical ethosomes [15],[18].
Specifically, binary ethosomes increased 7 folds in
permeability ex-vive, and 1.5 fold in in vive anti-
inflammatory  [15]. Additionally, blending
propylene glycol in phloretin binary ethosomes
raised the precutaneous permeability 1.06 folds
more than classical ethosomes, and 2.4 folds than
PG solution [19]. The major methods for ethosome
preparation are thin film hydration [18] and solvent
- injection [12]. Solvent - injection is a more
advantageous method for ethosome fabrication due
to the simple process and scale - up [20].

However, there have been a few studies on
dermal nanovehicles loading rutin, including the
ethosomal system. Candido and his colleagues [21]
prepared a rutin ethosome with a size of 369 nm and
a zeta potential (ZP) of -19.6 mV. In another study,
the optimized rutin ethosome has a size of 112 nm
and an entrapment efficiency (EE) of 67.5% [22].
Although previous studies suggested rutin
ethosome had a better antioxidant than free rutin,
the enhancement of rutin penetrability by ethosome
still did not clarify. Moreover, the articles only
presented the classical ethosome, while the latter
ethosome generation may express more potential
effectiveness. Therefore, research about rutin
ethosomes should be carried out to improve the
therapeutic treatment of this Vietnamese bioactive
agent, specifically for skin delivery. Hence, this
study aims to fabricate the more modem type of
ethosome - binary ethosome by facile solvent
injection method for improvement of the
therapeutic effectiveness of rutin for dermal
treatment.

2. Materials and methods

2.1. Materials

Rutin was an active pharmaceutical ingredient
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(CAS 153-18-4). Ethanol was from Xilong
Scientific Co., Ltd (China). Lecithin (>90%
Phosphatidylcholine) was from Yuanye Biology,
Shanghai (China). Propylene glycol (PQG),
1sopropyl alcohol (IPA), and glycerol were from
Xilong Scientific Co. Ltd (China).

2.2. Methods

2.2.1. Ethosome preparation:

Rutin  ethosome samples were prepared
following the solvent injection method with mild
modifications [23],[24]. Firstly, rutin was dissolved
in ethanol/polyols using a magnetic stirrer (IKA C-
MAG HS 4). At 30°C, lecithin was added and
dissolved completely to form a homogeneous

organic phase. Distilled water (aqueous phase) was
added to the organic phase by a syringe pump
(Perfusor Compact) at a constant rate of 300 uL/min.
Then, the ethosomes were sonicated by a probe
sonicator (Q-Somica) at 50W, 45/15 seconds for
pulse on/ pulse off time, in 5 minutes to obtain
uniform ethosomes. Finally, the products were
stored in closed glass vials for further studies (Fig.
1). Rutin was fixed at 2.5 mg/mL, various lecithin
ratios of 3%, 1.5%, 0.5% (w/v), ethanol
concentrations at 20%, 35%, 50% (v/v), and
different polyols, including PG/IPA/Glycerol, were
investigated to prepare ethosomes.
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Fig. 1. Rutin ethosome fabrication

2.2.2. Size, polydispersity index, and zeta
potential:

Size, polydispersity index (PDI), and zeta
potential (ZP) of ethosome vesicles were
measured by a nanoparticle analyzer (HORIBA
nanoPartica SZ-100). Vesicle size was calculated
based on the Stock - Einstein equation. ZP was
calculated according to laser  doppler
electrophoresis (HORIBA Scientific 2023).
Method setting included water as a medium, 4
opening cuvettes for size measurement, and
carbon electrode =zeta cuvettes for ZP
measurement. Ethosome samples were diluted
with water to ensure precise measurement when

measuring size, PDI, and ZP.

2.2.3. Morphology:

The visualization of ethosome samples was
investigated by transmission electron microscopy
(TEM) (JEOL Inc, Jem - 1400).

2.2.4. Rutin quantification:

The quantification rutin was evaluated by an
HPLC method [21]. The stationary phase was a
C18 reversed-phase column (150 x 4.6 mm, 5 pm),
while the mobile phase was mixed from acetic
acid 1% and acetonitrile (80:20) with the flow rate
of 1 mL/min, 355 nm (Thermo Scientific™,
UltiMate™ 3000 Standard (SD) HPLC Systems).

2.2.5. Drug entrapment efficiency (EE):
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EE was a value showing the content of rutin
which was encapsulated in ethosomal vesicle
according to the equation below:

R,
EE =—.100% =
R t
Where Re is encapsulated rutin, Reis free rutin,

R; 1s the total content of rutin.

To determine free rutin content, the
ultrafiltration method was applied with a 10000
Da cutoff at the speed of 10.000 rpm in 15 min.
The rutin in the filtrate was quantified by HPLC.

2.2.6. Stability test:

Rutin ethosomes were stored in various
conditions: at 4°C, at 25°C at a relative humidity
of 60%, for 30 days to check the change in
physical properties, like size, PDI, ZP, and EE.

2.2.7. Drug release study:

The penetration ability of rutin ethosome
formulations was investigated by an experiment
using Franz vertical diffusion cells. A dialysis
membrane/or mouse skin was placed in the joint
to separate the donor and receptor chambers. A
volume of samples containing 5 mg rutin was
added into a donor compartment. In the receptor
compartment, a phosphate buffer pH 6.8 was filled
to mark and stirred at a fixed rate. The temperature
of the receptor compartments was kept at
37°40.5°C during the experiments. At time
interval points, a fixed volume of medium was
collected to determine rutin concentration by the
HPLC method.
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2.2.8. Data analysis:

T-test and one-way ANOVA test to evaluate
statistical significance (setting at p < 0.05) were
performed with Microsoft Excel. Data was
reported as average + standard deviation (SD). A
value of p < 0.05 was considered statistically
significant (*). Each experiment was carried out in
triplicate.

3. Results and discussion

3.1. Effect of different concentrations of
lecithin on rutin ethosome properties

The ratios of phospholipid bases strongly
affected the size and PDI of ethosomes (Fig.
2A). At 3% (w/v) of lecithin, the size is 201.45
+ 0.15 nm, larger than that of 1.5%, 190.32 +
3.56 nm, and 0.5%, 161.07 £ 0.89 nm.
Conversely, the ethosome homogeneity at 0.5%
lecithin was marginally better than that of 1.5%
and 3% concentrations, as the PDI was 0.13 and
around 0.25, respectively. The ZP is used to
quantify the charge of the vesicles, of which the
parameter reflects the stability of the
formulation. The lower the lecithin ratios, the
higher the absolute value of ethosome ZP [25].
At 3%, 1.5%, and 0.5% of the lecithin
concentration, the charges were -13.76 £ 0.32, -
20.09 + 0.45, and -24.13 £ 1.21, respectively.
The absolute value of ZP in the range of 20-30
mV could be considered acceptable for
supporting the stability of these nanovesicles.
Based on the physical properties, 0.5% of

lecithin (w/v) was chosen for further
experiments.
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Fig. 2. Rutin ethosome physical properties at different lecithin ratios (w/v)
and ethanol concentrations (v/v), 2A. Lecithin ratios, 2B. Ethanol ratios
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3.2. Effect of different concentrations of
ethanol on rutin ethosome properties

Formulations of ethosomes were evaluated
with the different ratios of ethanol: 50%, 35%,
and 20% (v/v) (Fig. 2B). With 20% ethanol, the
nanoparticle size was 410.57 £+ 5.08 nm,
significantly larger than that of 50% ethanol,
161.0 £ 0.89 nm. The ethanol concentrations
affected ethosome size, as the higher the ethanol
concentration, the lower the ethosomal size
[25]. At higher concentrations of ethanol (55%
and 60%), the ethosomal vesicles disappeared,
confirmed by the abnormal size value (under
20nm) and higher PDI (above 0.4), agreed with
previous studies [13]. Hence, the 50% ethanol
(v/v) was chosen for the rutin ethosome. When
compared to pure rutin (about 21.23 um), and
other rutin ethosomes by the same method, the
resulting ethosomes in this study had a smaller
size. In other research, the size of the ethosomal
nanoparticle was 634.9nm (without sonication)
[26], and rutin-loaded ethosomes, prepared by
the thin-film hydration method, had the size of
247+ 7 nm or 369.5 £ 4.2 nm [27].

3.3. Effect of other polyols in binary ethosomes

Difterent types of polyols were used to prepare
rutin binary ethosomes with various blended ratios
of ethanol: polyols at 3:7, 5:5, and 7:3 (Fig. 3)
Other polyols could be considered as permeability
enhancers and stabilizers [25].

3.3.1. Effect of propylene glycol in binary
ethosomes:

The higher the PG ratios in rutin binary
ethosomes, the smaller the size, in agreement with
the previous study [25]. At ratios 7:3, 5:5, and 3:7
ratio of ethanol to propylene glycol, rutin
ethosomal size reduced from above 350 nm to
around 140 nm. In another study, optimum
nicotine ethosomes containing ethanol: PG at the
ratio of 5:5 were productive transdermal delivery
systems [12]. In the case of PG, all rutin binary
ethosomes had the PDI in the preferable range
(PDI < 0.3). The binary ethosomes with PG
exhibited ZP value in the acceptable range to
prevent agglomeration. In addition, increasing PG
quantities decreased the ethosomal ZP from -20.5
+0.47mV to-23.8 =£0.70 mV. Hence, ethanol: PG
at the ratio of 7:3 had the smallest size, 137.7 +
0.40 nm, and the best homogeneity.
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Fig. 3. Binary ethosomes at different ethanol/polyol ratios
E: ethanol, PG: propylene glycol, IPA: isopropanol alcohol, G: glycerol

3.3.2. Effect of isopropyl alcohol in binary
ethosomes:

The second polyol investigated in rutin binary
ethosomes formulation was isopropyl alcohol (Fig.
3.). With mixtures of ethanol and IPA, at any ratios,
the size of the ethosome significantly reduced,
compared to solely ethanol. Noticeably, at the blend

ratio of 7:3 of ethanol: IPA, the nanovesicle size
dropped from above 160 nm to only 42.31 + 0.85
nm. Conversely, the PDI increased considerably in
the presence of IPA in ethosomes, from below 0.2 in
classical ethosomes, up to around 0.3. Moreover, the
presence of IPA increased the negative charge in the
ZP of ethosomes.
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3.3.3. Effect of glycerol in binary ethosomes:

The third polyol studied for rutin binary
ethosomes was glycerol (Fig. 3.). The presence of
glycerol in the binary ethosomes caused a slight
decrease in nanovesicular size from 185.58 & 0.55
nm (ethanol: glycerol = 7:3) to 155.09 £ 1.76 nm
(ethanol: glycerol = 3:7), which demonstrated the
effect of glycerol on particle size reduction.
Furthermore, the PDI of all three formulations
revealed a uniform size, with a PDI of less than
0.2. The increase in ZP with glycerol strengthened
the stability of the rutin binary ethosome.

Among the three investigated polyols, IPA
induced the greatest reduction in the size of
binary ethosomes, as the size went down 4

Frequency (%)

Scale bar 100 nm

folds related to classical ethosomes. However,
in consideration of uniformity, the involvement
of glycerol resulted in better PDI, below 0.2.
Almost all rutin ethosomes had a high EE, more
than 90%. Therefore, the alcohols for rutin
binary ethosomes should be the mixture of
ethanol and glycerol at the ratio of 3:7, with a
size of 155.16 = 1.76, PDI of 0.18 + 0.01, ZP
of -22.61 £ 2.46 mV, and EE 0f 92.41 + 0.08%
with the spherical shape shown in TEM images
(Fig. 4.). In comparison with meloxicam
ethosomes, 169 nm, 0.2 PDI, and 83.1 EE%,
rutin binary ethosome could be considered
successfully prepared and had better physical
properties and drug loading [15].

Undersize (%)

Fig. 4. TEM image and size distribution histogram of rutin binary ethosomes with glycerol
A. TEM image, B. size distribution histogram

3.4. Stability test

Initial investigation on the stability of rutin
ethosomes was carried out in 30 days at 4°C and
25°C. The changes in size, PDI, ZP, and EE of
classical ethosomes and binary ethosomes were
presented in Table 1. There were significant
increases in the size and PDI of all ethosomes in
both tested temperatures. The size of the glycerol
binary ethosomes rose from above 150 nm to
approximately 200 nm after 30 days.
Additionally, the PDI gained from 0.18 + 0.01 to
0.23 £+ 0.01 after 30 days at 25°C. Also, the
absolute value of ZP slightly decreased from
nearly 23 mV to about 20 mV after 30 days. In
particular, the changes in physical characteristics
and EE of various types of ethosomes at 4°C were
slower than at 25°C. For example, after 30 days,
the size of classical ethosomes at 4°C was

considerably smaller than that at 25°C, 221.03 +
0.08 nm, and 320.04 = 1.87 nm, respectively.
Moreover, the EE of binary ethosomes with
glycerol slightly fell from 92.41+ 0.08 to 89.17 +
0.15 after 30 days at 4°C. These observations
suggested that storage in a colder environment
provides better stabilization for rutin ethosomes.

The stability of rutin ethosomes could be
improved by using combinations of ethanol and
PG, IPA, and glycerol. In particular, after 30 days
at 25°C, the size of classical ethosomes increased
2 folds from 161.02 £+ 0.89 nm to 320.04 + 1.87,
while for binary ethosomes with glycerol, the
size only gained 1.2 times, from 155.09 + 1.76
nm to 202.82 + 1.27 nm. These results suggested
the combination of polyols stabilized the
ethosome structures more than using solely
ethanol.
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Table 1. Size, PDI, ZP, and EE of binary ethosomes after 15 days and 30 days

Freshly preparation Size (nm) PDI ZP (mV) EE (%)
Classical ethosomes 161.02 +0.89 0.13 £0.02 -24.16 £1.21 90.89 £ 0.05
Binary ethosomes with glycerol 155.09 = 1.76 0.18 = 0.01 22.61 £2.46 92.41+ 0.08
4°C -15 days

Classical ethosomes 201.02 £0.08 0.22 +0.03 -16.58 £2.96 87.91 +£0.10
Binary ethosomes with glycerol 190.82+1.91 0.21+0.01 -20.86 £ 1.96 90.40 =0.10
4°C -30 days

Classical ethosomes 221.03 +£0.08 0.33 £ 0.06 -13.72 +1.98 79.96 £ 0.02
Binary ethosomes with glycerol 200.35+£1.26 0.22+0.01 -20.64 + 0.01 89.17 £0.15
25°C -15 days

Classical ethosomes 290.05 + 0.08 0.29+0.04 -15.51+1.91 85.56 £ 0.02
Binary ethosomes with glycerol 200.92 +0.81 0.22+0.36 -20.13 +0.64 89.96 £ 0.05
25°C -30 days

Classical ethosomes 320.04 +1.87 0.376 = 0.08 -12.63 + 1.48 79.06 +£0.01
Binary ethosomes with glycerol 202.82+1.27 0.23+0.01 -19.21 +0.07 86.93 £0.03

3.5. In-vitro rutin release

30
25
—~ 20
S
9 15
<
2L
2 10
§=
2 5
() feo—ao—= L -
0 4 8

12 16 20 24
Time (hour)

-=Rutin ethosome - M-+Rutin - M-+ Rutin ethosome - S-+Rutin - S

Fig. 5. Rutin release profile from binary ethosomes with glycerol
S- mouse skin, M- dialysis membrane

The rutin release was evaluated through the
Franz-cell model, through mouse skin and dialysis
membrane, from binary ethosomes with glycerol
(Fig. 5.). Generally, in both mouse skin and
dialysis membrane, ethosomes also expressed
sustained releases. Additionally, ethosomes
improved the permeability of rutin not only
through the dialysis membrane but also through
mouse skin. Specifically, after 24 hours, rutin
released more than 2.5 folds through mouse skin
and nearly four folds through the dialysis
membrane than rutin itself. Therefore, binary
ethosomes were effective nanocarriers to enhance
drug delivery through the skin, as confirmed by a
previous study [28].

4. Conclusion

Rutin ethosomes and binary ethosomes were
successtully fabricated. The optimum formulation
was the mixture of ethanol and glycerol at the ratio
of 3:7, the total volume of polyols at 50% (v/v),
lecithin at 0.5% (w/v) and rutin at a final
concentration of 2.5 mg/mL. These binary
ethosomes had a size above 150 nm and were
homogenous (PDI<0.2). Besides, the ZP
absolute value was greater than 30 mV and the
EE was at around 92%. Additionally, the
physical properties and drug loading hardly
changed during 30 days at 4°C. Moreover,
these rutin binary ethosomes exhibited
sustained release and 1mproved the
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permeability of the drug through the dialysis Declaration of Competing Interest: The authors
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