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To assess the effect of cholesterol concentration in the preparation of ferrous fumarate nanoliposome toward its
physicochemical properties and stability. Nanoliposomes were produced with cholesterol concentrations of 8, 12, and
16 mg using the thin film hydration method. The ultrasonic dispersion method and mini extruders were used to reduce

the particle size. The nanoliposome were evaluated for their physical properties, encapsulation efficiency, stability,
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and transport in the in vitro model of skin absorption. Formula 3 showed the smallest size results, with spherical
multilamellar vesicle globules with a relatively dense matrix structure and even distribution between particles with
a positive zeta potential value with an encapsulation efficiency percentage value of 61.67% =+ 0.50 and a cumulative
amount penetrated at the second hour of 442.077 meg/cm? + 17.270 with a flux value of 14.575 mcg/cm */hour .
Formulation 3 with higher cholesterol concentration showed better physical characteristics, encapsulation efficiency,

and in vitro skin penetration compared to formulations with lower cholesterol concentration.

INTRODUCTION

Ferrous fumarate is a source of iron, an essential
micronutrient in the body [1]. However, ferrous fumarate has
poor flow properties, which often cause compression problems
and unpleasant taste and smell [2,3]. On the other hand, ferrous
fumarate is a very effective source of iron but has a high
frequency of side effects compared to other sources of iron
[4]. Ferrous fumarate is insoluble in neutral pH but soluble in
acidic solutions (such as stomach acid) [3]. Ferrous fumarate’s
low bioavailability is related to its slow dissolution [5]. Ferrous
fumarate has limited solubility in water, which causes the
absorption of iron from ferrous fumarate into the digestive
system to be limited. Iron in the ferrous form (Fe®*) is more
easily absorbed by the body than iron in the ferric form (Fe*").
However, a high stomach acid environment can oxidize ferrous
iron to ferric iron, which is less absorbed by the body [2]. Other
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substances in foods or supplements taken together with ferrous
fumarate, such as polyphenols in tea, coffee, or red wine,
may form complexes with iron. These complexes may inhibit
the body’s absorption of iron, reducing the bioavailability of
ferrous fumarate. Ferrous fumarate may cause side effects
such as gastrointestinal disorders, such as diarrhea, nausea, or
constipation [2,6].

Technology in formulation, especially pharmaceutical
preparations and drug delivery systems, focuses on increasing
the effectiveness of drug delivery at the right amount [7].
Liposomes with special designs can be used to protect active
ingredients from biological degradation [7,8].

Liposomes have received particular attention
in nanopharmaceuticals. The non-toxicity property of
phospholipids and the ability to encapsulate different
compounds, such as hydrophilic, lipophilic, and amphiphilic,
make liposomes a promising option for better skin drug delivery
[9,10]. However, most reports on conventional liposomes
describe the local effect as an accumulation of vesicles in the
stratum corneum or upper layers of the epidermis [11,12]. To
overcome these limitations, nanoparticle technology can be
used to push the absorption beyond the stratum corneum or
epidermis. It can improve their bioavailability by using new
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lipid vesicles with pronounced membrane elasticity, such
as flexible and elastic deformable liposomes [13,14]. This
liposome exhibits superior skin penetration ability and can
transport active substances to the deeper layers of the skin for
the transdermal delivery system.

The aim of this study is to prepare and characterize
ferrous fumarate chitosan liposome nanoparticle preparations
for later application via transdermal delivery as an alternative
for drug substances that have low bioavailability. Cholesterol
and synthetic or natural phospholipids were combined to
improve the stability of the nanoliposome. To reduce and
uniform the size of liposome to the nanometer scale, ultrasonic
and size extruders were employed. This study could give new
insight into the delivery design of ferrous fumarate to improve
its bioavailability and efficacy.

MATERIALS AND METHODS

Materials

Ferrous fumarate was purchased from FerroPharma
Chemicals Ltd. 13, Erdosor Street H-6766 Doc, Hungary. Lipoid
Dipalmitoyl phosphatidyl choline (DPPC) and Lipoid S100
(Lipoid GMBH) were purchased from Germany. Deionized
water was purchased from OneMed (Sidoarjo, Indonesia).
Ascorbic acid, Hydrochloric acid, Chloroform, Methanol Pa,
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Figure 1. Design of the nanoliposomes prepared in the current study.

Table 1. Formulation of ferrous fumarate nanoliposomes.

Ingredient Firmula 1 Formula 2 Formula 3
Cholesterol 8 mg 12 mg 16 mg
Lipoid DPPC 30 mg 30 mg 30 mg
Lipoid S100 10 mg 10 mg 10 mg
Ferrous fumarate 20 mg 20 mg 20 mg
Ascorbic acid 2 mg 2 mg 2 mg
Chitosan 0.1% 1 ml 1 ml 1 ml
Chloroform Sml Sml 5ml
Methanol Sml Sml Sml
PBS (pH 7.4) 20 ml 20 ml 20 ml

2,2bypyridine (Emerck), Cholesterol (Sigma-Aldrich), Tube
3 ml Solutions within (SUPELCO) (Sigma-Aldrich), and
Strat-M® Membrane were purchased from Merck (Darmstadt,
Germany). Phosphate-buffered saline (PBS) (Oxoid) pH 7.4
was purchased from ThermoFisher Scientific (USA).

Preparation of ferrous fumarate liposomes into nanoliposomes

The thin film hydration method is the simplest in the
manufacture of liposomes. This method uses volatile solvents
such as chloroform, ether, and methanol to dissolve lipids
(Table 1) [15]. The manufacture of nanoliposomes is based on
two phases, namely phase 1 (non-polar) and phase 2 (polar)
(Fig. 2A).

Liposomes were produced by the thin-layer hydration
method with slight modification. Phase 1 ingredients consisting
of DPPC lipoid, S100 lipoid, and cholesterol in various amounts
(30:10:8, 30:10:12, 30:10:16 w/w) were mixed in chloroform
and methanol (1:1 v/v) and then homogenized using a vortex
for 3 minutes. The mixture was then evaporated using a rotary
evaporator with a vacuum pressure of 200 mBar, a temperature
of 50°C at 125 rpm for +5 minutes. After the sample is seen
to form a thin layer on the wall of the round bottom flask, the
sample is incubated at room temperature to remove all the solvent
that still remains in the sample for 30 minutes. The sample is
back in the rotary evaporator with the same mechanism without
being conditioned using a vacuum and adding the ingredients
contained in phase 2, which have been homogenized using a
vortex for 1-3 minutes. The preparation is again in the rotary
evaporator with the same conditions for 30 minutes; after the
liposome preparation is formed, it is put in the refrigerator at
2°C-8°C for 10-15 minutes Figure 1.

The liposome preparation method using thin film
hydration has a drawback; namely, it is difficult to produce
nano-sized liposomes. Therefore, additional procedures, such as
sonication and extrusion, were used to obtain nanometer-sized
vesicles (Fig. 2B) [ 16]. Suspensions of the formed liposomes were
down-sized using ultrasonic (130 W, 20 kHz, USA) at 70% power
in an ice bath for three stages (one stage consists of 5 minutes of
which 2 minutes ultrasonic treatment and 3 minutes rest to allow
cooling of the sample), and finally particle size homogenized
using a mini extruder. One milliliter of nanoliposome suspension
was passed through a membrane filter at 40°C. A water bath was
used to maintain the desired liposome temperature. The extrusion
process was performed with a 0.2 um polycarbonate membrane
filter (three cycles). The formed nanoliposome preparation was
purified using solid phase extraction (SPE). Samples taken as
much as 3 ml were placed in the tube solutions within and then
flowed through the membrane assisted by the SPE push, and
further characterization was carried out.

Evaluation of the physical characteristics of various prepared
ferrous fumarate nanoliposomal formulations

An organoleptic test is performed to visually observe
the sample from the sense of sight and smell based on the model’s
color, shape, and smell. Particle size, polydispersity index
value, and zeta potential value were observed using particle size
analyser (PSA); 1 ml of the sample was put into the cuvette and
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Figure 2. Preparation of ferrous fumarate nanoliposomes in the current study. (A) Liposome
preparation with thin film hydration method and (B) size reduction of liposome to nanoliposome. The
sonication method followed by the extrusion process was used to reduce the size of liposomes to the

nanometer scale.

then inserted into the cuvette holder to measure the particles
and polydispersity index values. Zeta potential was analyzed
using a zeta sizer. The sample is placed into a special zeta
cuvette in the holder PSA to measure the zeta potential value.
Morphological observations of ferrous fumarate nanoliposomes
were performed using transmission electron microscopy (TEM)
by placing approximately 500 pl of sample solution on a grid in
the form of an electric grid and absorbing using filter paper with
the help of a vacuum.

Encapsulation efficiency evaluation

Two-milliliter aliquots of the sample were centrifuged
at 5,000 rpm for 30 minutes at 4°C to separate the supernatant
from the precipitated nanoliposomes. Four hundred microliters
of sample/supernatant into a 10 ml volumetric flask, add 0.1
N HCI to the limit. Then, take the equivalent of 400 ul of a
sample, put it into a 10 ml volumetric flask, add 400 pl of 0.5%
bipyridine, and add to mark limits using a pH 4.6 list [17]. The
analysis was performed using a Ultra Violet and Visible (UV/
VIS) spectrophotometer, which had previously been validated
to measure the amount of encapsulated and non-encapsulated
ferrous fumarate. The absorption spectrum is 450—650 nm, and

the maximum wavelength is 517.8 nm [18]. The encapsulation
efficiency is determined as the percentage of ferrous fumarate
encapsulated in nanoliposomes, which is calculated using the
following equation [19]:

Total drug — Free drug in supernatant

% EE = %100 %.
Total drug

Stability test

The stability test of the preparation is seen on the
physical stability, which is based on research by Gupta et al. [20]
by looking at the material changes of shape, color, odor, particle
size, and potential zeta value in environmental conditioning with
a freeze-thaw cycle and a dilution resistance test. Moreover, a
storage test of 2°C—8°C for 30 days by placing nanoliposomes
in a vial and then storing it in a refrigerator at a temperature of
2°C—8°C. Samples were taken on day 30. Then, the preparation’s
particle size and polydispersity index were tested [21,22].

In-vitro penetration test using Franz diffusion cells

Penetration test of ferrous fumarate nanoliposomes
was performed with a Strat-M membrane using a Franz
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diffusion cell (diffusion area 1.77 cm?, compartment volume
12.0 ml using phosphate buffer solution pH 7.4 in the receptor
compartment and temperature 37°C + 0.5°C). We weighed 1 g
of ferrous fumarate nanoliposomes, and then applied them to
the surface of the Strat-M membrane in the donor compartment.
A total of 1 ml of sample was taken periodically for 2 hours
from the receptor compartment using a one cc syringe and
replaced with the same amount of solution, namely phosphate
buffer pH 7.4. The sample was homogenized and put in a 10 ml
volumetric flask with 0.1 N HCI up to the mark. Then, take the
equivalent of 400 pl of a sample, put it in a 10 ml volumetric
flask, add 400 pul of 0.5% bypiridine solution, and add it to the
mark using a pH list of 4.6 [17]. Analysis was performed using
a UV/VIS spectrophotometer with an absorption spectrum of
450-650 nm and a maximum wavelength of 517.8 nm.

RESULTS AND DISCUSSION

Evaluation of the physical characteristics of various prepared
ferrous fumarate nanoliposomal formulations

The organoleptic test of ferrous fumarate
nanoliposomes showed that the color was clear milky white,
with a slight smell of fat, in the form of a suspension (Fig. 3).
The milky white color of the dispersion indicates the formation
of nanoliposomes [23,24].

The results of particle measurements in Table 2 show
that the greater the cholesterol concentration, the smaller
the particle size. Cholesterol is an essential component in
cell membranes; it does not form double layers by itself, but
will readily dissolve in the phospholipid bilayer [25]. The
hydrophobic portion of cholesterol easily interacts with the
core of the membrane. The addition of cholesterol to the
liposome bilayer can increase its stability; because it becomes
more stable, the preparation will not be easily affected by
environmental influences to form uniform and more complex
particles. Therefore, the results show a higher concentration of
cholesterol results in a smaller size (Fig. 4A) [13].

Figure 3. Nanoliposomes ferrous fumarate after ultrasonic treatment and
extrusion using a mini extruder.

The polydispersity index values are shown in Table
2, indicating that the greater the cholesterol concentration in
each formula used, the smaller the polydispersity index value
obtained. From the results, it can be seen that the value of the
polydispersity index is a good value; it can also be seen in the
distribution strain produced by each formulation on the particle
size taken in Figure 5. The polydispersity index shows the particle
size distribution in which the polydispersity index ranges from
0 (for samples that are perfectly uniform concerning particle
size) to 1 (for highly polydisperse representatives with multiple
particle size populations) [26]. A good polydispersity index
value indicates long-term stability and particle size distribution
in a formula [26]. The results of the polydispersity index of
ferrous fumarate nanoliposomes have met the requirements
for a good polydispersity index value by showing that the
variations of the three formulations have relatively different
average polydispersity index values (Fig. 4B).

The zeta potential value is shown in Table 2. This
value is considered the optimal potential to ensure the stability
of the particles that display a sufficient charge to inhibit vesicle
aggregation [18]. The resulting zeta potential value shows that
the variations from the three optimizations have sizes with an
average that is not significantly different (Fig. 4C), but these

Table 2. Values of particle size and polydispersity index and zeta
potential of ferrous fumarate nanoliposomes.

Sample Particle size Polydispersity Zeta potential
(nm) index (mV)
Formula 1 2432+1.7 0.666 = 0.016 +12.2+4.3
Formula 2 208.9+3.9 0.547 £ 0.002 +12.8+3.6
Formula 3 161.1£1.6 0.375 +0.035 +15.7+3.2
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Figure 4. Physical characteristic of ferrous fumarates nanoliposome. (A)
Particle size, (B) polydispersity index, (C) zeta potential, and (D) encapsulation
efficiency of the ferrous fumarate nanoliposome prepared. Samples were
analyzed with one-way Analysis of variance (ANOVA) at a 95% confidence
interval, followed by the post hoc comparison test. n: 3; *p < 0.05, **p < 0.01,
**¥p <0.001, ****p <0.0001.
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Figure 5. Particle size distribution. (A) Formula 1, (B) formula 2, and (C)
formula 3.

results show that a higher concentration of cholesterol produces
amore excellent potential zeta value; it is known that cholesterol
can increase the stability of nanoliposome particle size by
increasing the bending modulus and absolute zeta potential of
nanoliposomes [27]. The results of the zeta potential evaluation
showed that the addition of cholesterol increased the absolute
zeta potential of ferrous fumarate nanoliposomes following
the theory presented [28]. The lipids’ composition of lipids
primarily determines the surface properties of nanoliposomes,
such as lipids with a positive, negative, or neutral charge [14].
The resulting zeta potential is positively charged due to the
binding of metal ions. Nanoliposomes can carry positively
charged metal ions around their surface, which can cause the
zeta potential to be positive [29]. In ferrous fumarate, the iron
(IT) ion (Fe*) has twice the positive charge (+2).

The morphology of nanoliposomes is spherical
with multilamellar vesicles consisting of vesicles indicated
by arrows, with each vesicle generally having five or more
concentric lamellae with a relatively dense matrix structure
with an even distribution among the particles (Fig. 6) [30].

The structure of the nanoliposome matrix is
relatively dense due to the presence of a large number of
matrix constituents, namely DPPC, which is solid. No drug
crystals are visible on the TEM image; this may be due to the
preparation technique or the drug loaded. Cholesterol is often
used in liposome formulations due to its important role in
improving membrane stability. Cholesterol helps to support the
organization of the lipid layer, prevents excessive aggregation,
and reduces membrane permeability. As a result of this
stabilizing effect, liposomes tend to remain multilayered after
sonication and extrusion processes [31].

Encapsulation efficiency evaluation

The results of the percent encapsulation efficiency
of ferrous fumarate nanoliposome preparations can be seen in

Transmission Electron Microscopy (T E M)

Figure 6. Morphological observations of ferrous fumarate nanoliposomes were
performed using TEM.

Table 3. Encapsulation efficiency of ferrous fumarate nanoliposome.

Sample Concentration in Concentration in  Encapsulation
sample (mg) supernatant (mg) efficiency (%)
Fl1 0.690 + 0.002 0.262 +0.003 62.06 +0.49
F2 0.686 +0.001 0.260 + 0.004 62.08 +0.50
F3 0.684 +0.003 0.262 +0.003 61.67 +0.50

Table 3. The encapsulation is acceptable as the value is more
than 50%. Statistical analysis showed that the ferrous fumarate
nanoliposomes of the three formulations had relatively the
same average encapsulation efficiency (Fig. 4D). Encapsulation
efficiency indicates the amount of active substance that can
be entrapped in the liposome nanoparticle matrix [32]. The
higher value of encapsulation efficiency means that more active
substances are trapped in the liposome nanoparticle preparation
[33].

Drug release from nanoliposomes is influenced by the
synergistic effect of phospholipids and cholesterol, respectively.
At lower amounts of cholesterol, liposomes showed faster drug
release time than higher amounts of cholesterol liposomes [34].
The number of phospholipids and cholesterol can affect the
percent encapsulation efficiency and particle size. The lower
amount of cholesterol allows maximum internal water volume
of the liposome vesicle bilayer, leading to more encapsulation.
In comparison, higher cholesterol concentrations limit the
entry of the internal vesicle core volume and cause a decrease
in percent encapsulation efficiency [35]. Higher cholesterol
concentration can improve the stability of nanoliposomes and
prevent leakage or degradation of active ingredients during
storage and shipment, which can help strengthen the lipid
layer in the nanoliposome membrane, which is more stable and
well-structured tends to result in more uniform and consistent
nanoliposome particle size [36,37].

Cholesterol can affect the particle size regulation of
nanoliposomes. Increasing cholesterol concentration tends to
reduce the adhesion between lipid layers of nanoliposomes,
prevent excessive aggregation, and strengthen the membrane.
This leads to the formation of nanoliposome particles that are
smaller and homogeneous in size [38]. Cholesterol may affect
the flexibility of nanoliposome membranes. Higher cholesterol
concentrations help to increase membrane flexibility, allowing
nanoliposomes to better adjust in shape and size. A more flexible



162 Suryani et al. / Journal of Applied Pharmaceutical Science 14 (05); 2024: 157-165

membrane enhances the ability of nanoliposomes to adapt to
the environment and interact with the skin, thereby supporting
better penetration and gradual release of active ingredients so
as to improve the efficiency of penetration through the skin
and uptake of active ingredients by target cells to enhance the
transdermal therapeutic effect [39,40]. Nanoliposomes with
higher cholesterol concentrations tend to have slower release
rates of active ingredients. A more stable and flexible membrane
slows the diffusion of active ingredients through the liposome
membrane, thereby promoting a longer and sustained release
of the active ingredients as the liposomes interact with the
skin [34,41]. However, in this case, it is important to conduct
a careful evaluation of costs and benefits when considering
the use of higher cholesterol concentrations in nanoliposome
formulations. Factors such as delivery effectiveness, product
stability, formulation cost, and specific application needs must
be considered to make an informed decision.

Stability test

The overall results of the stability test treatment show
that the particle size obtained still meets the range of particle size
values that are good for penetration into the dermis or through
the route into the hair follicle to the systemic circulation system
with a size of 100—300 nm in all stability tests [42,43]. The 250
times dilution level already shows a particle size distribution
that tends to be significant (Table 4). This shows that small
changes in nanoliposome preparation solubility can change the
practice’s particle size. The greater the dilution factor, the more

significant the change in the particle size of the preparation.
This shows that the blisters tend to agglomerate under excessive
dilution conditions [44].

While most of the polydispersity index values still
show good polydispersity index values, which describe long-
term stability and particle size distribution in a formula in all
stability tests [26]. The 100 and 250 dilutions showed higher
polydispersity index values (Table 4). This may be due to
the higher dilution factor causing the preparation particles to
be aggregated [26]. The characteristics of ferrous fumarate
nanoliposomes at 100 and 250 times dilution are thought to form
sedimentation, thereby affecting the particle size distribution of
the preparation [45].

The zeta potential values resulting from all the stability
test parameters showed no significant changes from the three
formulations compared to the samples before the stability test
(Table 4). This indicates that there is no significant effect on
particle size stability that usually affects the zeta potential at the
particle surface [18,46,47].

The encapsulation efficiency test showed that the
percent encapsulation value of the three formulations for stability
test parameters obtained values that were still acceptable (more
than 50%) [35]. The resistance test to dilution of 50, 100, and
250 times results in encapsulation efficiency values below 50%
(Table 4). This can happen because a higher dilution factor
causes suppression of the maximum internal water volume of
the liposome vesicle bilayer, which leads to more encapsulation
that can affect the bonding of the phospholipid and cholesterol
membranes, causing liposomes to leak [35].

Table 4. The stability profile of ferrous fumarate nanoparticles was examined with freeze-thaw, storage,
and dilution tests.

Formula Treatment PS (nm) PDI ZP (mV) ffl;_lc;z;:;a(tal;
Freeze-thaw 262.0+1.2 0.621 +0.032 13.1+£6.7 58.49 £ 0.56
Storage 30 days 2°C—8°C 259.2+1.9 0.377 +0.094 14,0+4.1 61.71 £0.52
25 times dilution 211.1+2.9 0.624 + 0.046 10.1 £1.8 61.61 +0.80

: 50 times dilution 272.7+3.8 0.691 £0.015 10.8+2.8 53.44+3.34
100 times dilution 296.7+5.3 1.110 +0.079 9.6+£22 46.52 £ 0.66
250 times dilution 758.5+41.5 1.828 £0.031 7.0+0.8 44.61+£0.23
Freeze-thaw 240.2+7.5 0.161 +0.023 142+49 60.26 +£0.18
Storage 30 days 2°C-8°C 216.8 £ 6.0 0.434 +0.085 12.8+4.8 62.32+0.89
25 times dilution 212.0+£7.3 0.575+0.120 104 +4.2 62.37+0.93
: 50 times dilution 280.1 £6.7 0.679 £ 0.025 123+4.6 55.50+1.24
100 times dilution 2703 +11.5 0.951+0.112 8.7+1.8 50.00 +0.23
250 times dilution 5742+ 68.9 1.382+0.114 8.7+3.8 45.62 +0.37
3 Freeze-thaw 181.8+4.6 0.365 £ 0.009 10.4£0.7 58.92+0.77
Storage 30 days 2°C-8°C 178.8+0.9 0.356 +0.013 149+1.4 62.71 +£0.94
25 times dilution 2129+32 0.355+0.018 12.1 1.1 61.40 +0.74
50 times dilution 288.0+3.8 0.610 £ 0.022 10.9+2.6 56.66 + 1.30
100 times dilution 267.6 £ 2.1 0.745 £ 0.061 132423 48.74 £0.48
250 times dilution 412.7+10.5 2.050 +0.026 94+26 45.78 £2.43

PS = particle size; PDI = polydispersity index; ZP = zeta potential; EE = encapsulation efficiency.
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Figure 7. In vitro skin permeation of ferrous fumarate nanoliposomes examined
with Franz diffusion cell and Strat-M® Membrane as an in vitro skin model.

In-vitro penetration test using Franz diffusion cells

Synthetic membranes for in-vitro permeation studies
were initially developed for use as an alternative to the use of
human skin models [48]. Determination of permeation of drug
formulations using ex-vivo human skin methods has several
drawbacks that hamper the reproducibility of drug candidate
screening data, including variation in skin thickness of the skin
donor, diseased skin state, skin storage conditions, complexity
of membrane preparation, hair follicle density, donor age,
and high laboratory costs [49,50]. Some advantages of using
synthetic membranes are controlled membrane thickness, faster
membrane preparation time, low storage space, and relatively
low cost [48].

Strat-M® membranes were designed with the intent
to share similar structural and chemical characteristics
found in the human epidermis with the goal of being a cost-
effective membrane for testing and optimizing pharmaceutical
formulations with good reproducibility to increase confidence
during early-stage drug/formula development [48]. Strat-M®
has been used extensively to study transdermal penetration to
reduce the use of animals engineered to mimic human skin’s
layered structure and lipid chemistry [48]. In this study, Start-M
was used to asses skin penetration of the ferrous fumarate
nanoliposime using Franz diffusion cells. The results of
penetration testing through Strat-M® membrane showed the
cumulative amount of ferrous fumarate nanoliposome diffusion
per unit area at the second hour of each formula showed a
cumulative value of formula 1 with an average of 401.048
mcg/cm? + 32.364, formula 2 with an average of 378.854 mcg/
cm? £ 10.124, and formulation 3 with an average of 442.077
mcg/cm? £ 17.270. The results showed that higher cholesterol
concentration showed a higher cumulative diffusion rate of
ferrous fumarate nanoliposomes per unit area compared to
formulations with lower cholesterol concentration (Fig. 7).

The values obtained describe the levels of ferrous
fumarate nanoliposomes in the receptor medium. This
suggested that the number of phospholipids and cholesterol can
affect the percent encapsulation efficiency, particle size, and the

speed and penetration of the drug being delivered. The lower
amount of cholesterol allows maximum internal water volume
of bilayer vesicle liposomes, leading to more encapsulation;
hence, liposomes show faster drug release time. Whereas
a higher concentration of cholesterol restricts the influx of
internal core volume of vesicles and leads to a decrease in
percent encapsulation efficiency and shows relatively slower
drug release [35].

The penetration rate (Flux) of ferrous fumarate
nanoliposomes can be calculated from the data of the cumulative
amount of diffusion of ferrous fumarate nanoliposomes per
unit area by drawing a linear line to get a slope that shows the
flux value of the preparation. Formula 1 had a flux value of
13,838 mcg/cm ¥hour™ with a log time of 1 hour. Formula
2 has a flux value of 12,572 mcg/cm *hour™! with a log time
of 0.9 hours. Formula 3 has a flux value of 14,575 mcg/cm™/
hour™ with a log time of 1 hour. The penetration rate (flux)
of ferrous fumarate nanoliposomes is directly proportional
to the cumulative amount of ferrous fumarate nanoliposome
diffusion per unit area according to Fick’s first law. Therefore,
the factors that affect the cumulative amount of diffusion of the
preparation also affect the penetration rate (flux) through the
Strat-M® membrane.

To deliver active drug ingredients to the skin by passive
diffusion penetration through the stratum corneum. Penetration
may also occur in hair follicles or sweat glands to a lesser extent
[51]. Nanoliposomes have many advantages, such as increasing
the absorption effect, preventing skin hydration, and increasing
the penetration of active substances because of the ability of
nanoliposomes to form an occlusive layer on the skin surface
so that they can achieve the desired dosage and release interval
[20,39,40,47]. According to research by Aguilar-Pérez et al.
[52], nanoliposomes show deeper penetration ability in the skin.
This proves that nanoliposomes’ penetration is a good option
for drug delivery because of their similarity to biomembranes
[53]. When nanoliposomes are applied to the surface of the
skin, the water contained in the preparation will evaporate and
leave an adhesive layer covering the skin, thereby reducing
transepidermal water loss, which facilitates the drug to penetrate
the deepest layers of the skin, reducing the corneocyte density
and widening the inter-corneocyte gap [20,54]. This occlusive
effect is related to the size of the nanoliposome. The size of the
nanoparticles will provide an occlusive impact 15 times that of
microparticles [26]. Based on research conducted by Tampucci
et al. [55], it is known that the size of nanoparticles suitable for
forming an occlusive layer on the skin is below 300 nm [55].

CONCLUSION

Preparation of ferrous fumarate nanoliposomes
with higher concentrations of cholesterol using the thin layer
hydration method, which was proceeded with an ultrasonic and
mini extruder for the size reduction, could result in good physical
characteristics and acceptable encapsulation efficiency. The
nanoliposome was stable in freeze-thaw cycle environmental
conditions, 30 days storage at 2°C—8°C, and 25 and 50 times
dilution. Higher cholesterol concentrations are associated with
a higher ferrous fumarate permeation in the in vitro model of
the transdermal delivery system.
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