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ABSTRACT

Retinoic acid is a derivative of vitamin A known for its use in the management of acne. The major limitations
of retinoic acid application are its low solubility and instability in water, light, and heat. It also causes irritating side
effects on the skin when used topically. In the current work, we demonstrated the entrapment of retinoic acid into
nanosponge to improve the solubility and delivery of retinoic acid for skin application. The entrapment of retinoic
acid into nanosponge was investigated by varying polymer: crosslinker ratio, duration of homogenization, and drug:
nanosponge ratio. High entrapment efficiency was achieved with nanosponge at 73.90%. The entrapment was
confirmed through several characterizations including Attenuated Total Reflection Fourier Transform Infrared
(ATR-FTIR), Differential Scanning Calorimetry (DSC), and Field Emission Scanning Electron Microscopy
(FESEM). Higher solubilization was achieved with retinoic acid-loaded nanosponge compared to free drug. Franz
cell studies show that the entrapment of retinoic acid in nanosponge slowed the release of retinoic acid and allowed

it to remain within the skin layers longer.
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1. INTRODUCTION

Tretinoin or retinoic acid was found to be one of the
retinoids with the highest efficacy against acne compared
to more recent retinoids such as adapalene'2. Retinoids act
by normalizing desquamation by promoting differentia-
tion and reducing keratinocyte proliferation. The anti-
inflammatory actions take place by blocking inflamma-
tory pathways involving toll-like receptors, leukocyte
migration, and the AP-1 pathway which inhibits inflam-
mation by reducing the release of cytokines and nitric
oxide. Other than targeting acne, retinoids can also improve
secondary acne lesions, in particular acne scarring and
pigmentation. Scarring is improved by upregulation of
procollagen genes while pigmentation is reduced by
accelerating epidermal turnover and inhibition of mela-
nosome transfer®. However, it has a greater skin irritation
risk compared to other retinoids. The use of retinoids is
limited by its side effects such as peeling, dryness,
erythema, desquamation, burning, and pruritus, especially
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in those with sensitive skin®*. Chemical-wise, retinoic
acid is insoluble in water, and unstable in the presence of
air, light, and heat®. These challenges make retinoic acid
unstable due to its photosensitivity and proneness to
oxidative degradation in aqueous solution. Hence it is
necessary to overcome these challenges to maximize the
benefits of retinoic acid effectively.

In this study, the objective is to prepare a nanosponge
loaded with retinoic acid for the topical treatment of acne.
Nanosponge is a novel drug delivery system developed to
improve the delivery of existing drugs. Studies have been
done researching the use of nanosponge in delivering a
diverse range of drugs with various delivery routes gaining
positive results®®. Delivering drugs using nanosponge
has been garnering attention because it helps reduce dose,
and provide controlled and sustained release along with
enhancement of stability!®!!, These advantages in the
formulation development phase will benefit the end-users
of drugs in the long run. Cyclodextrin-based nanosponges
are one of the classes of nanosponges that has been used
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extensively in current research attributed to their nanoca-
vities that can entrap lipophilic and hydrophilic chemical
substances®?.

Cyclodextrins are part of cyclic glucopyranose oli-
gomers that have a cage-like structure with a lipophilic
cavity. The interaction of cyclodextrin with a cross-linker
improves the formation of a solid material with high
porosity and intertwined microchannels®®. B-cyclodextrin
is largely opted for in the development of nanosponges
because of its nano-sized cavities, cost-effectiveness,
easy availability, and most importantly high complexing
ability with cross-linking agents®'2, B-cyclodextrin based
nanosponge can be classified into carbamate, carbonate,
ester, poly amidoamine, or modified and cyclodextrin-
calixarene nanosponge which differ based on the methods
of preparation, solvents, and crosslinkers used*2. Nano-
sponge proves to be versatile and can be adjusted to suit
the type of drug that requires improvement in its delivery.
The use of nanosponge in topical delivery is also very
promising due to its slow release which can reduce skin
irritation while maintaining constant efficacy’4%>.

2. MATERIALS AND METHODS

The solvent used Dimethylformamide (DMF) and
methanol was obtained from Fisher Scientific (Massa-
chusetts, USA). Nanosponge preparation used anhydrous
B-cyclodextrin (BCD) as the polymer and carbonyldi-
imidazole (CDI) as the crosslinker which was obtained
from Acros Organics (Geel, Belgium). Phosphate buffer
saline (PBS) was procured from Sigma Life Science,
Sigma Aldrich Co. (St Louis, USA).

2.1. Nanopsonge preparation

A jacketed beaker connected to a water bath main-
tained at 90°C was set up for the nanosponge development.
DMF which acts as a solvent was added to the beaker
and maintained at 90°C. BCD was dried overnight in an

Table 1. Variation of BCD and CDI at each ratio.
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oven at 50°C. When DMF reached 90°C, BCD was
dissolved forming a clear solution then CDI was also
added. The reaction was performed for 3 hours producing
a solid block. The solid produced was washed with water
followed by acetone through a vacuum filtration system.
The solid collected was purified through Soxhlet extrac-
tion with absolute ethanol for 24 hours and then crushed.
The ratio of polymer to crosslinker (polymer: crosslinker)
was varied at 1:2, 1:4, and 1:8 as shown in Table 1.

2.2. Particle size reduction of nanosponge

The nanosponge was then subjected to homogeniza-
tion using WiseTis HG-15D digital homogenizer (Witeg
Labortechnik, Wertheim, Germany) to reduce the particle
size. 5 g of nanosponge was suspended in distilled water
and homogenized at 2,000 rpm with varying durations of
10 minutes, 15 minutes, and 20 minutes. The nanosponge
was then centrifuged at 5,000 rpm for 15 minutes and
freeze-dried for 24 hours. The factors investigated to
optimize the nanosponge were the ratio of polymer:
crosslinker and duration of homogenization as shown in
Table 2. The particle size, polydispersity index, and zeta
potential were the dependent variables studied and opti-
mized with factorial design. The best nanosponge was
selected and used for the entrapment of retinoic acid.

2.3. Retinoic acid entrapment in nanosponge

A 10 mg/ml aqueous suspension of hanosponge was
prepared with distilled water. Retinoic acid was dispersed
into the aqueous suspension at different ratios of 1:2,
1:4, and 1:6 (drug: nanosponge w/w). The suspension was
sonicated for 15 minutes and then stirred for 24 hours at
ambient temperature in a dark room. After 24 hours the
sample was centrifuged at 3,000 rpm for 10 minutes and
the supernatant was collected. The supernatant was then
freeze-dried using Alpha 1-2 LDplus Freeze Dryer (Martin
Christ®, Osterode am Harz, Germany) for 24 hours®1’,

Polymer:crosslinker Amount of BCD Amount of CDI
1:2 4.4 mmol 59 8.8 mmol 1.43¢g
1:4 4.4 mmol 59 17.6 mmol 28649
1:8 4.4 mmol 59 35.2 mmol 571¢

Table 2. Different nanosponge formulation prepared with varying factors.

Polymer:crosslinker

Duration of homogenization

Nanosponge preparation

1:2 10 minutes NS1
15 minutes NS2
20 minutes NS3
1:4 10 minutes NS4
15 minutes NS5
20 minutes NS6
1:8 10 minutes NS7
15 minutes NS8
20 minutes NS9

107



SSS. Omar et al.

2.4. Quantitative determination of retinoic acid by
High-Performance Liquid Chromatography (HPLC)

The HPLC analysis of retinoic acid was done using
an isocratic system with HPLC 1200 Series (Agilent
Technologies, California) The column used was a C-18
silica-based column (ZORBAX, Eclipse Plus, Agilent
Technologies) which makes it a reverse phase chromato-
graphy. Methanol and 0.5% acetic acid in water with a
ratio of 90:10 was used as the mobile phase. The isocratic
elution was performed at room temperature with a flow
rate and injection volume of 1.0 ml/min and 20 pL res-
pectively. Standard stock solution strength was prepared
at 0.2 mg/mL while the standard solutions were prepared
ranging from 5-90 pg/mL. All prepared samples were
filtered through a 0.45 um syringe filter. Samples were
injected in triplicates and the chromatogram was detected
at wavelength 350 nm. The calibration curve was
recorded, and a linear regression was observed with a
correlation coefficient of 0.997.

2.5. Determination of entrapment efficiency

1 mg of loaded nanosponge was dispersed in 1 ml
of methanol and then sonicated for 15 minutes at room
temperature. The amount of retinoic acid loaded in the
nanosponge was determined through a quantitative esti-
mate of retinoic acid by HPLC analysis in triplicates after
filtration of the sonicated sample®"-8, The percentage of
retinoic acid loaded into the nanosponge was calculated.

2.6. Determination of solubilization efficiency

The solubility of retinoic acid was assessed using the
shake flask method. Retinoic acid was added in excess
(12.5 mg) to 5 mL distilled water in a flask and another
flask containing a fixed amount of nanosponge (5 mg).
Both flasks were sealed and shaken for 24 hours at room
temperature in the dark using a mechanical shaker at 100
rpm. The sample was then centrifuged at 6,000 rpm for
20 minutes and the supernatant was collected. Methanol
was added to the supernatant and sonicated for 15 minutes
before filtration for analysis. The filtrate was analyzed in
triplicates with HPLC to determine the concentration of
dissolved retinoic acid®®1’,

2.7. Particle size and zeta potential analysis

Particle size and zeta potential of the nanosponge
were determined using Zetasizer (ZEN 1600, Malvern,
UK). Nanosponges were diluted 10 times using distilled
water as a dispersant before being analyzed in triplicate!®*°,

2.8. Determination of surface morphology

The shape and surface topography of nanosponge
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and nanosponge loaded with retinoic acid were evaluated
through the FESEM model JSM-7800F Prime (JEOL,
Tokyo, Japan) using an acceleration voltage of 5-7kV.
Samples were coated with a thin gold-palladium layer
before being placed on a glass slide and kept under
vacuum. Nanosponge was recorded under magnification
ranging from 3,000x to 30,000x%-2L,

2.9. ATR-FTIR spectroscopy study

Analysis was done using Spectrum RX Two Instru-
ment (PerkinElmer Inc., USA) complete with Spectrum
3.5 software. Each sample was placed on the zinc selenide
crystal and was run a total of 16 scans at a scanning range
of 400 cm™ - 4,000 cm™* with a temperature of 25°C.

2.10. DSC study

Thermal analysis was carried out with a DSC from
Netzsch model DSC214 Polyma with the Netzsch
Proteous® software (Selb, Germany). Samples of the
retinoic acid, blank nanosponge, and retinoic acid loaded
nanosponge were analyzed using standard alumina with
aluminium sample pans whereby an empty pan was used
as the reference standard. 5 mg samples in aluminum
pans were heated at a range from 30°C to 300°C under a
nitrogen atmosphere with a heating rate of 10°C per
minute!’.

2.11. In vitro Franz diffusion cells study

An in vitro drug release study was done using 8 sets
of vertical Franz cells. A finite study was done using
dorsal skin from Sprague Dawley rat as the membrane.
The skin was obtained ethically with an ethical approval
number (IACUC-2020-025) obtained from the Institu-
tional Animal Care and Use Committee (I-ACUC). A
study was done with similar strength (0.05%), commer-
cial retinoic acid cream formulation (stearyl alcohol,
isopropyl myristate, polyoxyl 40 stearate, xanthan gum,
acid sorbic, stearic acid, butylated hydroxytoluene, water)
and a retinoic acid loaded nanosponge gel-cream formu-
lation (water, hydroxy ethyl cellulose, lecithin, glycerin,
squalane, propylene glycol, tocopherol acetate, phenoxy-
ethanol, ethyl hexylglycerin). The receptor chamber was
filled with phosphate buffer saline and methanol solution
ata 2:1 v/v ratio and placed on a stirring plate submerged
in a water bath at 37°C to maintain the skin at 32°C. 10
mg/cm? of the formulation was applied onto the skin and
distributed homogenously. Samples were taken at 0.5 1,
23,4,5,6,8, 12, and 24 hours, and the same amount of
medium was replenished each time to maintain sink
conditions. The cumulative drug amount was calculated
and plotted. After washing the skin surface, the skin left
was cut into small pieces and soaked in methanol for 24
hours with continuous shaking at 150 rpm for 24 hours
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Table 3. Main effect and interaction plot for parameters varied in nanosponge development.
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to extract remaining retinoic acid. All samples were
analysed with HPLC. The recovery was calculated from
the equation below where T is total recovery, P is per-
meation, W is washings and E is extraction.

T=P+W+E
3. RESULTS AND DISCUSSION

3.1. Nanosponge development and optimization

3.1.1. Factorial design analysis of nanosponge develop-
ment

The measured particle size, polydispersity index
(PDI), and zeta potential for the varying polymer to cross-
linker ratio and homogenization time were analysed with
32 factorial design in design of experiment using Minitab
software. The independent variable or the cause in this
analysis is the polymer: crosslinker ratio and homogeni-
zation time. Particle size, PDI, and zeta potential are the
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dependent variables or effects. The main effects plot and
interaction plot are presented in Table 3. The main effect
plot is the effect of an independent variable on the depen-
dent variable while the interaction plot is the effect of
independent variables interacting on the dependent
variable.

3.1.2. Particle size

Particle size is significantly affected by polymer:
crosslinker ratio (p=0.000) and homogenization duration
(p=0.003). The interaction of these factors also has a
significant effect on particle size (p=0.003). The main
effect plot shows the smallest particle size a 1:2 and at
10 minutes respectively. However, the homogenization
duration does show an increasing trend in particle size
with a longer duration of homogenization. An increase in
homogenization time caused an increase in the applied
total energy of the system which in turn increases particle
coalition and leads to the formation of larger particles.
A previous study found that with a mixing time of more
than 15 minutes, the increase in particle sizes was greater
(p<0.05)%. The interaction plot depicts that the smallest
particle size was obtained at a ratio of 1:2 with a homo-
genization duration of 15 minutes while the largest size
was at 1:8 with a homogenization duration of 20 minutes.
Generally, ratio 1:2 produced the smallest particle size
due to the lower crosslinking density which is related to
the polymer: crosslinker ratio. The crosslinking density
affects the chemical composition and physical properties
which include particle size. At a ratio of 1:2, the nano-
sponge has the lowest amount of crosslinker which means
it has lower crosslinking density producing particles that
are less hard and easier to be subjected to size reduction?.

3.1.3. Polydispersity index

Polymer: crosslinker ratio was not significant to PDI
and can be seen from the main effect plot which shows
that the PDI values fluctuate slightly from one another.
On the other hand, homogenization duration does show
greater fluctuations which is reflected in the data analysis
that found the significant effect of homogenization dura-
tion on PDI (p<0.005). The interaction of the two factors
was also found to have a significant effect on PDI (p=
0.000). From the interaction plot, the lowest PDI is
obtained at a ratio of 1:8 with 15 minutes homogenization
duration, and the highest PDI at a ratio of 1:8 with 20
minutes homogenization duration. Based on these results,
15 minutes is the optimum duration for a small PDI as the
PDl is low for all ratios. A larger PDI, specifically at 20
minutes homogenization duration seems to correspond
with the large particle size most likely produced through
particle coalition. Coalition in a vessel can occur between
particle and particle, vessel or repeller, and lead to particle
agglomeration hence the large size and distribution®-2°,
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3.1.4. Zeta potential

Both factors and their interaction significantly
affected zeta potential (p=0.000). At a higher polymer:
crosslinker ratio, zeta potential increases. From the main
effects plot, a higher polymer to crosslinker ratio (1:8)
causes lower zeta potential, while homogenization dura-
tion shows the lowest zeta potential at 15 minutes. The
interaction plot shows that at 10 and 15 minutes there is
an increasing trend of the zeta potential as the polymer:
crosslinker ratio decreases. Particle size is one of the
factors affecting zeta potential whereby the smaller the
particle size the greater the value of the zeta potential®®.

3.2. Characterization of retinoic acid-loaded nano-
sponge

From the analysis, three solutions were the outcome
which was the nanopsonge with polymer: crosslinker ratio
1:2 (solution A), 1:4 (solution B), and 1:8 (solution C) at
a homogenization duration of 15 minutes. The outcome
of the analysis was based on optimum characteristics of
particle size, zeta potential, and PDI. These three solutions
were then used to entrap retinoic acid and determine the
nanosponge with the best entrapment efficiency.

3.2.1. Entrapment efficiency and solubilization efficiency

Entrapment of retinoic acid was done by entrapping
the drug into three different nanosponges. The entrapment
efficiency obtained is shown in Figure 1. An average of
75.32% (SD=0.0289), 73.69% (SD=0.0781), and 78.19%
(SD=0.850) were obtained for solutions A, B, and C
respectively. The different nanosponge used (1:2, 1:4,
1:8) has a significant effect (p<0.005) on the percentage
of entrapment efficiency whereby there is no significant
difference between solutions A and B, but there is a signi-
ficant difference between solutions A & B compared to
solution C (p<0.005). Hence solution C (1:8) which
obtained the highest entrapment efficiency was selected
for further determination of the best drug: nanosponge
ratio for entrapment. A previous study that entrapped
paliperidone in NS 1:4 and NS 1:8 obtained similar
results whereby NS 1:8 had higher EE%?’. Another study
that entrapped calcium carbonate in B-cyclodextrin nano-
sponge also showed that nanosponge with polymer:
crosslinker ratio of 1:8 has the highest entrapment effi-
ciency®. The high entrapment efficiency obtained may be
the result of higher crosslinking between BCD and CDI
which permits better entrapment of retinoic acid in the
nanosponge®?’.

The polymer to crosslinker ratio shows a significant
effect on the solubility efficiency (p<0.005) of the loaded
nanosponge. All loaded nanosponges showed higher
solubility than retinoic acid alone as presented in Figure
2 due to the structural characteristic of nanosponges.
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Figure 4. Field emission scanning electron microscopy of plain nanosponge at (A1) 100 nm; (A2) 1 um (A3) 100 um and loaded nansoponge

at (B1) 100 nm; (B2) 1um (B3) 100 pm.

Nanosponge structurally has numerous pores that
may help improve the wetting property of retinoic acid
and improve its solubility?’. Ratio of BCD: CDI may be
a factor affecting the solubilization capacity of retinoic
acid as can be seen from the graph which shows 1:8 having
significantly higher solubilization efficiency in compa-
rison to other ratios. As the ratio increases, cross-linker
concentration also increases which provides more sites
for drug complexation hence improving solubilization
efficiency?.

Based on the entrapment efficiency and solubiliza-
tion efficiency NS 1:8 was selected for further investi-
gations. Three different retinoic acid: nanosponge (RA:
NS) ratios of 1:2, 1:4, and 1:6 were prepared and obtain
entrapment efficiency values of 73.90% (SD=0.1457),
59.73% (SD=0.0351) and 51.86% (SD=0.401) as depicted
in Figure 3. One-way ANOVA analysis showed that
different RA: NS ratio has a significant effect on the
entrapment efficiency. This leads to a nanosponge 1:8
with the drug: nanosponge ratio of 1:2 with the highest
entrapment efficiency. The graph shows a decreasing
trend in EE% with RA: NS ratio 1:2 having the highest
EE- well above the optimal EE% which is >60%2°. The
final nanosponge selected for further formulation was a
nanosponge with polymer to crosslinker ratio of 1:8
which was prepared with retinoic acid to nanosponge
ratio of 1:2 as it has high entrapment efficiency.

3.2.2. Particle size and zeta potential

The loaded nanosponge has a particle size of
193.90+2.74 nm which is desirable in topical treatment

with retinoic acid as smaller particle size provides slow
release and has better skin retention’4. The PDI of
0.322+0.0346 is below 0.5 which indicates acceptable
polydispersity®. The closer the PDI value to 0 indicates
a monodisperse particle distribution which is favourable
for better stability and drug delivery. The zeta potential
value was -26.17+0.513 mV which is much lower than
values obtained in previous studies which ranged from
-8.7410 -20.21 mV. These studies used similar nanosponge
but entrapping paliperidone and resveratrol?’*2. The zeta
potential of loaded nanosponge is influenced by the dif-
ferent polymers, crosslinkers, and drugs being entrapped
in the nanosponge. A study entrapping clobetasol propio-
nate in nanosponge found clobetasol to have a zeta
potential of 6.19 mV, yet became negative when entrapped
with a value between -17.27 mV to -27.77 mV ’. In this
study, the polymer (-21.8 mV), crosslinker (-22.5 mV),
and retinoic acid (-35.0 mV) are negatively charged
hence causing the nanosponge to be more negative.

3.2.3. Surface morphology

FE-SEM was done to gain more insights into the
shape and surface morphology of the developed nano-
sponge. The surface morphology is depicted in Figure 4.
FE-SEM image of plain nanosponge at 1 pm and 100 nm
as shown in images Al, A2, and A3 shows irregularly
shaped crystals with a porous structure which is respon-
sible to entrap retinoic acid. The retinoic acid-loaded
nanosponge which is depicted in images B1, B2, and B3
shows that the porous structure visible in plain nanosponge
is no longer visible. From the figure, a layer can be seen
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loaded nanosponge.

113



SSS. Omar et al.

on the surface demonstrating the entrapment of retinoic
acid in nanosponge which occurs through the effects of
freeze drying’.

3.2.4. ATR-FTIR Spectroscopy study

The FTIR spectrum of CDI in Figure 5 (A) shows
a peak at around 1,745 cm™and 1,726 cm™ due to C=0
stretching as well as a peak at 1,464 cm representing
C-N stretching®. The FTIR spectrum of BCD in Figure
5 (B) shows characteristic peaks at 3,300-3,400 cm™ due
to the O-H group stretching, at 2,924 cm™ due to C-H
stretching, at 1,646 due to H-O-H deformation bands of
water and at 1,152 cm?and 1,022 cm™ indicated C-H
overtone stretching®34, Figure 5 (C) depicts a plain nano-
sponge which retains the O-H group stretch from cyclo-
dextrin and C=0 stretch from carbonyldiimidazole.

In Figure 5 (D) which is the IR spectra of retinoic
acid peaks of C=0 bonds of the carboxylic group are
present at 1,685-1,666 cm™. The peaks attributed to the
OH functional group of carboxylic acid and C-H of the
double bonds are seen at 2,600-3,429 cm™ 3, The IR
fingerprint of the loaded nanosponge as depicted in

Pharm Sci Asia 2024; 51(2), 106-117

Figure 5 (E) confirms molecular interaction as the spectra
show disappearance and shift of the retinoic acid peaks.
This interaction indicates the inclusion of retinoic acid
in the cyclodextrin cavity™.

3.2.5. DSC study

The DSC thermograms of retinoic acid (blue), plain
nanosponge (green), and retinoic acid-loaded nanosponge
(red) are shown in Figure 6. DSC analysis of retinoic acid
depicted a sharp endothermic peak at 183.5°C which
indicates its melting temperature®. In the case of plain
nanosponge, a broad peak appeared around 77.2°C cor-
responding to the expulsion of water content from the 3-
cyclodextrin cavities?®. The DSC thermogram of retinoic
acid-loaded nanosponge showed the disappearance of the
melting endotherm of retinoic acid. This suggests a pos-
sible interaction of retinoic acid with nanosponge and the
formation of inclusion and non-inclusion complex. After
incorporation of retinoic acid in the nanosponge, the drug
is entrapped and molecularly dispersed in the cyclodextrin
cavity hence unable to crystallize reflecting the disap-
pearance of its peak!®17:3,

DSC /{(mW/mg) Flow /(mI/min)
41 texo
250
2 -
- 200
0- i —at
e L 150
-2
s L 100
i)
-6 1 o | 50
-8 4 e
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Maw 202204070027  Uses UMD Tempera‘ure /oc

Figure 6. Overlapped Differential Scanning Calorimetry thermogram of (blue) Retinoic Acid, (green) Plain nanosponge, and (red) Retinoic
acid loaded nanosponge. (Run at 40°C and 60°C is nitrogen as purge gas and protective gas, respectively).

3.2.6. In vitro Franz diffusion cells study

Figure 7 shows the cumulative amount of retinoic
acid permeated from the commercial formulation while
retinoic acid-loaded nanosponge gel-cream formulation
on the other hand recorded a negligible amount and could
not be plotted. The graph shows that the cumulative
amount increased at a fast rate initially before slowing
down towards the end of the study. This characteristic
reflects the depletion of the drug over time which is
usually seen in finite studies. The recovery of retinoic

acid is presented in Figure 8. The total recovery recorded
for commercial formulation is 93.03% while nanosponge
formulation recorded a total of 94.17%. The recovery
obtained for both formulations is in alignment with
ranges suggested by both the Scientific Committee on
Cosmetic Product®” and the Organization for Economic
Cooperation and Development® which is 85-115% and
90-110%, respectively The major percentage of recovery
in commercial formulation came from the permeation
(68.35%) while for nanosponge formulation the major
percentage came from the skin extraction (58.73%). The
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Figure 7. The cumulative amount of retinoic acid permeated through rat skin from commercial retinoic acid formulation (Mean+SD, n=8).
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differences between the commercial and nanosponge
groups were found to be significant (p<0.05) for permea-
tion, washings, and extraction while the total recovery did
not show any significant difference.

This indicates that nanosponge formulation mostly
remained within the skin layers while commercial formu-
lation permeated into the donor compartment which
reflects permeation into blood bloodstream. The skin
extraction found that 13.04% of the retinoic acid in the
commercial formulation remained within the skin while
62.37% retinoic acid from the nanosponge formulation
remained within the skin layers. These results show that
nanosponge provides slowed and prolonged the release
of retinoic acid allowing it to remain and act within the
skin layers instead of penetrating the blood circulation.
Prior studies also discovered findings in agreement with
the current results. Encapsulation of retinoic acid in nano-
structured lipid carrier (NLC) and nanocapsule did not
detect or found negligible values of retinoic acid in the
receptor fluid compared to its commercial counterpart3-4,
Other studies that encapsulated retinoic acid in solid
lipid nanoparticles (SLN) and NLC which did lead to
permeation into the receptor fluid discovered that the
release of retinoic acid became slow and prolonged*#2,
The amount of drug released within the stipulated time
was also much lower compared to the marketed formu-
lation which released 100% of the drug by the end of the
study“2. The amount of drug extracted from the skin was
also much higher in the NLC formulation compared to the
commercial formulation by almost double the value®.

5. CONCLUSION

The synthesis of cyclodextrin nanosponge and the
entrapment of retinoic acid within the nanosponge
produced a complex with superior characteristics. The
entrapment of retinoic acid in nanosponge was proven
to increase the solubilization of retinoic acid compared to
the drug alone. The effect of different polymer to cross-
linker ratios and speed of homogenization was studied
and it was confirmed that a ratio of 1:8 and with a dura-
tion of 15 minutes has the best entrapment efficiency and
increases solubilization compared to retinoic acid alone.
The nanosponge was then assessed further by carrying
drug: nanosponge ratio of 1:2, 1:4, and 1:6 w/w. The ratio
of 1:2 showed high entrapment efficiency. The complex
formation was confirmed with ATR-FTIR and DSC. The
Franz diffusion cells study indicates that nanosponge
maintains the action of retinoic acid within the skin layers
and prevents it from absorbing into the bloodstream.
Future works can further formulate nanosponge into a
topical formulation for acne treatment.
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