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AbstractUsnic acid, a secondary metabolite of lichen Usnea sp., has several pharmacological activities, but it is poorly soluble in water. Thisstudy aimed to improve the solubility and dissolution rate of usnic acid loaded in mesoporous silica SBA-15 at a mass ratio of 1:1. andevaluate its physical stability. Physicochemical characterization was carried out via the nitrogen adsorption–desorption isotherm,differential scanning calorimetry (DSC), Fourier transform infrared (FTIR) spectroscopy, and powder X-ray diffraction (PXRD). Usnicacid-loaded SBA-15 was stored at 40 °C with various relative humidities (RH) and then analyzed by PXRD for the physical stability.Usnic acid adsorbed well in the pores of SBA-15, as shown by a decrease in the volume pore and surface area of SBA-15 according tothe nitrogen adsorption. Moreover, usnic acid-SBA-15 showed a decrease in the degree of crystallinity according to PXRD analysisand no melting point based on DSC analysis. The FTIR spectrum of usnic acid–SBA-15 corresponds to the spectra of each rawmaterial. The solubility of usnic acid increased 5.15 times after adsorbed on SBA-15. The dissolution rate also showed a significantincrease (p < 0.05) from 19.51% to 84.27%. Usnic acid–SBA-15 was relatively stable at RH 75%. Thus, the adsorption of usnic acid onSBA-15 can increase its solubility, dissolution rate, and physical stability.
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1. INTRODUCTION

Lichen Usnea sp. has a secondary metabolite derived from
dibenzofuran, which was isolated for the first time in 1844 and
is known as usnic acid. Lichen, which contains a considerable
amount of usnic acid, has been extensively studied by scientists
and is widely available commercially (Fitriani et al., 2018a) .
In the health sector, usnic acid has been used in medicines,
owing to its many pharmacological activities, such as antiviral
(Sokolov et al., 2012) , anticancer (Mayer et al., 2005) , anti-
proliferative (Campanella et al., 2002) , antipyretic, analgesic
(Okuyama et al., 1995) , antioxidant (Behera et al. (2005) ), and
anti-inflammatory (Vijayakumar et al., 2000) activities. How-
ever, usnic acid has a solubility of less than 0.01 g in 100 mL of
water at 25 °C, which is practically insoluble in water (Fitriani
et al., 2018a) . Based on the Biopharmaceutical Classification
System (BCS), usnic acid is included as a BCS class II, due to
low solubility but high permeability. This has an impact on the
low absorption of usnic acid in the gastrointestinal tract, thus
limiting its bioavailability (Brugnoli et al., 2024) . Therefore,
higher doses are needed to achieve its therapeutic effect (Hol-
ford and Sheiner, 1981) . Meanwhile, in vitro, the low solubility

of a substance in water will affect several stages of product de-
velopment, including dissolution, may change the drug activity,
and may even lead to toxicity (Maleki et al., 2017) .

The limitations of the physicochemical properties of usnic
acid, particularly its solubility, have an impact on its limited
pharmacological effects, thus promoting investigations to in-
crease its solubility (Brugnoli et al., 2024) . Many methods
have been confirmed to increase the solubility and dissolution
rate of usnic acid, such as solid dispersion with Poloxamer 188
(Brugnoli et al., 2024) , PVP K-30 and PEG 6000 (Chairunisa
et al., 2022), and HPMC 2910 (Fitriani et al., 2018a). In ad-
dition, inclusion complex methods with 𝛽 -cyclodextrin (Lira
et al., 2009) , multi component crystals (Douglas A. Araújo
et al., 2019) , and particle size reduction (milling) (Zaini et al.,
2016) have been reported. However, these methods have lim-
itations. Solid dispersions are difficult to produce on a large
scale, and the products have low physical and chemical stability.
Agglomeration occurs during post-grinding storage, and the re-
sulting particle size is unstable, resulting in varying dissolution
rates for the particle size reduction method (Shen et al., 2010) .
Meanwhile, the inclusion complex with 𝛽 -cyclodextrin has
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limitations in terms of size and requires greater costs (Maleki
et al., 2017) .

Alternatively, one of the methods effective at increasing the
solubility of active drug substances and guaranteed stability is
adsorption, in which this method has attracted great interest
due to its benefit such as simple for application in many fields in-
cluding pharmaceutical preparation or medicines (Palapa et al.,
2023) . The active compound can be adsorbed in the surface
of mesoporous including silica which have been approved gen-
erally recognized as safe materials (GRAS) by food and drug
administration (FDA) (Tng and Low, 2023) . The pore size
distribution of mesoporous silica can be varied and adjusted be-
tween 2 and 50 nm. In addition, silica-based mesopores have a
high specific surface area, resulting in a higher adsorption poten-
tial, large pore volume, and surface-containing silanol groups
with the function of modifying drug release (Shen et al., 2010) .
The most frequently used types of mesoporous silica are Mo-
bile Composition of Matter-41 (MCM-41) and Santa Barbara
Amorphous-15 (SBA-15), with a hexagonal two-dimensional
arrangement. The other type is the Mobile Composition of
Matter-48 (MCM-48), which has a cubic three-dimensional
arrangement (Maleki et al., 2017) . Mesoporous SBA-15 silica
with a pore wall thickness of 4 nm and a pore diameter of 10
nm is more stable than mesoporous MCM-41 silica with only a
1-nm pore wall thickness and 4-nm pore diameter (Galarneau
et al., 2007) . Mesoporous SBA-15 uses an amphiphilic tri-
block copolymer from poly(ethylene oxide)-poly(propylene
oxide), such as Pluronic P123, as a structure-directing reagent
in highly acidic media (Vinu et al., 2006) .

In this study, usnic acid was adsorbed on SBA-15, and sol-
ubility and dissolution rate tests were conducted. In addition,
physical stability tests were carried out to ensure that adsorbed
usnic acid is physically stable. The SBA-15 mesopores and us-
nic acid – loaded SBA 15 that were prepared then characterized
by nitrogen adsorption–desorption isotherm, powder X-ray
diffraction (PXRD), Fourier transform infrared (FTIR) spec-
troscopy, differential scanning calorimetry (DSC), and scanning
electron microscopy (SEM)

2. EXPERIMENTAL SECTION

2.1 Materials
Usnic acid and tetraethyl orthosilicate (TEOS) were purchased
from the Tokyo Chemical Industry (TCI) (Japan). Pluronic
P123 and sodium chloride were provided by Sigma Aldrich
(USA). Sodium lauryl sulfate (SLS), chloroform pro analysis
(p.a) and hydrochloric acid were purchased from Merck (Ger-
many). All materials were used without further purification.

2.2 Preparation of Mesoporous Silica SBA-15
The synthesis of SBA-15 was carried out by preparing TEOS
: NaCl : HCl : H2O : Pluronic P123 in a molar ratio of 1 : 6
: 6 : 166 : 0.02, respectively. Pluronic P123 and NaCl were
mixed, and H2O and 2 M HCl were added. The mixture was
stirred using a magnetic stirrer at 300 rpm for 24 h at room
temperature. Then, TEOS was added, and the stirring speed

was increased up to 700 rpm for 3 h. The mixture then was
heated in the oven at 80 °C for 24 h, which is a hydrothermal
process. The precipitate that formed was filtered using filter
paper, rinsed using distilled water, and then dried at 50 °C for
approximately 14 h. The last step was to remove the surfactant
via a calcination process at 550 °C for 4 h; then, SBA-15
mesoporous powder was obtained (Yu et al., 2001; Liu et al.,
2023)

2.3 Adsorption of Usnic Acid in Mesoporous Silica SBA-15
The adsorption of usnic acid in mesoporous SBA-15 was car-
ried out at a ratio of 1:1 (w/w). 200 mg of usnic acid was
dissolved in 10 ml chloroform p.a. Then, SBA-15 powder was
added to the usnic acid solution. The mixture was stirred with
a magnetic stirrer at a temperature of 80 °C and a speed of 300
rpm. Stirring was continued until the solvent evaporated, and
SBA-15 usnic acid powder was obtained. The dried usnic acid
loaded in SBA-15 was then kept in a desiccator.

2.4 Nitrogen Adsorption–desorption Isotherm
SBA-15 and usnic acid – loaded SBA-15 samples were tested
using an adsorption–desorption isotherm with nitrogen gas
using the BET surface area and a pore-size analyzer (Quan-
tachrome Novatouch LX-4, USA). The experiment was carried
out at a degassing temperature of 150 °C. The results obtained
included the P/Po value and the BET transformation value
[1/W(P/Po)] for calculating the area.

2.5 DSC analysis
The thermodynamic properties of usnic acid, SBA-15, and
usnic acid-loaded SBA-15 were analyzed by thermal analysis
via DSC on a Shimadzu DSC-60 Plus (Japan) which set in the
temperature range of 25–250 °C with a heating speed of 10
°C/min.

2.6 PXRD analysis
PXRD analysis was performed for usnic acid, SBA-15, and us-
nic acid-loaded SBA-15 using a diffractometer (PAN analytical
MPD PW3040/60 type X’Pert Pro, The Netherlands). The
measurement conditions included a Cu metal target and K𝛼

filter. In the testing process, a generator setting was used with a
voltage of 40 kV, a current of 30 mA, and in the 2𝜃 range of
5–50°.

2.7 FTIR Spectroscopy
Samples of usnic acid, SBA-15, and usnic acid-loaded SBA-15
were analyzed to identify the functional groups in each sample
using an FTIR spectrophotometer (Shimadzu IR-Tracer-100-
AH, Japan) by dispersing the sample on a KBr plate that was
compressed under high pressure. The absorption spectrum
was recorded at 4000–500 cm−1.

2.8 SEM Analysis
SEM analysis was performed for samples of usnic acid, SBA-15,
and usnic acid-loaded SBA-15 (Hitachi Flexsem 100, Japan).
Samples in powder form were placed in an aluminum sample
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holder and coated with gold with a thickness of 10 nm. The
SEM was programmed at 5 kV, and the samples were observed
at various magnifications.

2.9 Entrapment Efficiency
Entrapment efficiency was performed for usnic acid-loaded
SBA-15 in a ratio of 1 : 1 (w/w), by weighing a sample equiva-
lent to 10 mg of usnic acid. Then, the sample was dissolved in
chloroform for analysis. The amount of usnic acid absorbed
in SBA-15 was determined using a UV–Vis spectrophotome-
ter (Shimadzu UV-1700, Japan) at the maximum wavelength
(283.6 nm). Entrapment efficiency (EE) can be calculated with
the following equation:

%EE =
Usnic Acid Mass Adsorbed
Usnic Acid Mass Used

× 100%

2.10 Solubility Test
Solubility tests were carried out on intact usnic acid and usnic
acid-loaded SBA-15 samples. The excess amount of sample
was dissolved in 100 mL of CO2-free distilled water. The test
was conducted for 24 h using an orbital shaker at room tem-
perature. Then, the sample was filtered through a 0.45-µm
membrane filter, and the absorption of the filtrate was measured
using a UV–Vis (Shimadzu UV-1700, Japan) spectrophotome-
ter at 289.6 nm. The test was carried out in triplicate.

2.11 Dissolution Test
The dissolution rate profile was carried out on intact usnic acid
and usnic acid-loaded SBA-15 samples using a type II dissolu-
tion apparatus (paddle type) (Hanson SR8-Plus, USA). The
dissolution flask was filled with 900 mL of CO2-free distilled
water medium and 0.1% w/v SLS. The dissolution apparatus
was set at 37 ± 0.5 °C with a speed of 50 rpm. The sample was
weighed equivalent to 10 mg of usnic acid. Samples were pipet-
ted (5 mL) at intervals of 5, 10, 15, 30, 45, and 60 min. The
sample that was pipette was replaced using a fresh dissolution
medium using the same conditions (volume and temperature).
Each sample was placed into a vial and analyzed via UV–Vis
spectrophotometry (Shimadzu UV-1700, Japan) at 289.4 nm.

2.12 Physical Stability Test
A physical stability test was carried out for usnic acid–SBA-15.
The samples were stored in a climatic chamber (Memmert
HPPeco, Germany), and the relative humidity (RH) was set at
75%, 85%, and 90% at 40 °C for 2 weeks (Zaini et al., 2016) .
Then, the physical stability of the usnic acid was investigated
via PXRD analysis.

2.13 Data Analysis
The solubility and dissolution rate results were analyzed statis-
tically with one-way ANOVA using SPSS 26 (IBM, USA).

3. RESULTS AND DISCUSSION

A nitrogen adsorption–desorption isotherm was used to deter-
mine the synthesized SBA-15 pores. At low relative pressure
(approximately zero), the adsorption volume of nitrogen in-
creases as the pressure increases. This indicated that the meso-
pores are filled with nitrogen and the surface will be covered,
thus forming a monolayer, and at the end of the curve, a slope
will form, indicating that the first multilayer has formed as
illustrated in Figure 1.

Figure 1. Schematic of Usnic Acid Loaded on Mesoporous
SBA-15

The results of the nitrogen adsorption–desorption isotherm
analysis revealed that the pore size of SBA-15 matched the
mesoporous range of 2–50 nm. This can be confirmed by the
formation of a type IV isotherm curve, with the presence of a
hysteresis loop at a relative pressure of 0.4–0.8, as shown in
the Figure 2 (Maleki and Hamidi, 2015) . This characterization
must be maintained when adsorption is complete, indicating
that the mesoporous material is still present and not damaged
after adsorption (Ahern et al., 2013) . The hysteresis loop is
formed because the number of nitrogen molecules that are
desorbed is less than the number of nitrogen molecules that are
adsorbed, even though the relative pressure P/Po is the same
(Fitriani et al., 2022) .

Table 1. The Result of Pore Characterization of SBA-15 and
Usnic Acid – Loaded SBA15

SBA-15
Usnic acid-loaded

SBA 15

Surface Area (m2/g) 650.44 177.30
Pore Volume (× 10−1 cm3/g) 8.931 2.262

Pore Size (nm)
R = 2.74 or R= 2.95 or
D = 5.49 D = 5.91
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Figure 2. Isothermic Curves of a) SBA-15 and b) Usnic Acid-SBA-15

Figure 3. Morphology of a) Usnic Acid, b) SBA-15, and c) Usnic Acid-SBA-15

Based on the surface area and pore volume analysis shown
in Table 1, the pores of SBA-15 were well filled with usnic acid
after adsorption. This result shows the smaller surface area and

pore volume of SBA-15 after adsorption. The surface area
decreased from 650.443 m2/g to 177.303 m2/g, and the pore
volume decreased from 8.93193 × 10−1 cm3/g to 2.262255
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Figure 4. Thermogram of a) Usnic Acid-SBA-15, b) SBA-15,
and c) Usnic Acid

× 10−1 cm3/g. However, the pore size of SBA-15 increased
slightly after adsorption owing to the complete filling of the
small mesopores. The pore diameters of SBA-15 increased
after it was adsorbed with a high concentration of active sub-
stance because the substance filled the smaller pores, while
there was still free space left in the larger pores (Heikkilä et al.,
2007) . However, the increase in pore diameter was not signifi-
cant, indicating that the pore shape before and after adsorption
did not change, which was also observed in the SEM analysis.
SEM shows the morphology of a solid material. The SEM
images (Fig. 3) showed that usnic acid has a needle-shaped
crystal morphology (Figure 3a). Meanwhile, SBA-15 (Figure
3b) has an aggregated rod-shaped morphology with uniform
lengths (Adrover et al., 2020) . The morphology of usnic acid
–loaded SBA 15 (Figure 3c) was similar to that of SBA-15,
which indicates that usnic acid can be adsorbed properly and
there is no visible usnic acid blocking the pores or outside the
SBA-15 pores. Therefore, only SBA-15 could be observed
because the usnic acid was adsorbed into the pores of SBA-15.
The morphology results were confirmed by the thermal char-
acterization via DSC, which showed that there were no sharp
endothermic peaks of usnic acid in the thermogram. This in-
dicated that usnic acid was well adsorbed in the mesoporous
material in an amorphous state and that usnic acid that was still
outside the pores was almost invisible. However, some were
not adsorbed in the pores, as shown in the PXRD (Shen et al.,
2010) . As shown in Figure 4, usnic acid showed an endother-
mic peak at 203.12 °C, which is the melting point of usnic acid.
There was no endothermic peak in the SBA-15 thermogram,
which indicated that SBA-15 was an amorphous solid material.
This is similar to the thermogram of the usnic acid – loaded
SBA 15, which also did not show an endothermic peak. In
usnic acid adsorbed on SBA-15, there was a “suppression of
crystallization” or obstruction of the crystallization process of

the active substance adsorbed on SBA-15. Thus, usnic acid
was transformed to a non-crystalline form and could return to
the crystalline state (amorphization process). The active sub-
stance adsorbed in mesoporous silica will experience a change
in thermodynamic properties compared to the intact one. If
a substance is adsorbed into a porous material with a limited
pore size, it will be prevented from forming a crystal lattice
(Van Speybroeck et al., 2009) . In this case, the pore diameter
of SBA-15 is only 5.49 nm; thus, the crystallization process of
usnic acid trapped in it will be hindered.

Functional group analysis via FTIR was performed for us-
nic acid, SBA-15, and the usnic acid-loaded SBA-15 sample
(Figure 5). Usnic acid shows a C O bond at 1687.71 cm−1, a
C–H bond at 1442.75 cm−1, a C C bond at 1616.35 cm−1,
and an O–H bond at 3091.89 cm−1. The results were similar
to those in previous studies, which showed C O and C C
bonds at 1691.60 cm−1 and 1610.36 cm−1 (Fitriani et al.,
2018b) . In the SBA-15 spectrum, at 3523.95 cm−1, the peak
indicated the presence of O–H groups. At 422.41 cm−1, we ob-
served the presence of Si O Si bonds. In addition, the peak
at 1045.42 cm−1 showed asymmetric Si–O–Si bending, and
that at 804.32 cm−1 showed symmetric Si–O–Si stretching.
Asymmetric Si–O–Si stretching occurs at 1090–1103 cm−1;
however, symmetric Si–O–Si stretching is shown at 801 cm−1

(Thahir et al., 2019) . After the adsorption of usnic acid on
SBA-15, the FTIR spectrum of usnic acid–SBA-15 showed
a superimposition of the characteristic spectrum of intact us-
nic acid with that of SBA-15. This confirmed that usnic acid
adsorbed well on SBA-15, although there was a slight shift
in the peak. C O, C C, C–H, Si–O–Si bending, Si–O–Si
asymmetric bending, Si–O–Si symmetric stretching, and O–H
bonding are represented by 1691.57 cm−1; 1631.78 cm−1;
1456.26 cm−1; 439.77 cm−1; 1037.70 cm−1; 800.46 cm−1

and 3714.90 cm−1, respectively. This change is related to the
hydrogen bonding between Si–OH and the usnic acid func-
tional group (Maleki and Hamidi, 2015) . Therefore, based on
functional group analysis with FTIR, the structures of usnic
acid and SBA-15 did not change after the adsorption process
occurred.

PXRD is typically used to identify and characterize crys-
talline materials. Each crystalline material has a unique diffrac-
tion pattern due to the arrangement of its atoms in the lattice
(Zaini et al., 2016) . The diffractogram for usnic acid shows
a sharp and distinctive peak, which means that usnic acid is
a crystalline solid in nature. The specific diffraction crystal
peak of usnic acid is shown at 2𝜃 positions of 10.35, 12.77,
14.67, 18.58, 19.90, 25.01, 26.30, 29.49, and 44.21. How-
ever, SBA-15 demonstrated a diffuse diffractogram pattern,
which indicated that SBA-15 is an amorphous solid. After
usnic is adsorbed on mesoporous SBA-15, the peaks of usnic
acid crystals are still detected in the diffractogram of usnic acid
– loaded SBA-15, although the intensity is lower than the intact
crystal, as shown in Figure 6. This phenomenon occurs because
most of the usnic acid is already in an amorphous state, but the
rest of it has not been adsorbed into SBA-15 and is still in the
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Figure 5. Diffractogram of a) Usnic Acid – Loaded SBA-15, b)
SBA-15, and c) Usnic Acid

Figure 6. Diffractogram of a) Usnic Acid – Loaded SBA-15, b)
SBA-15, and c) Usnic Acid

crystalline state. Consequently, usnic acid crystals that were still
outside the pores were detected by PXRD. The results were
similar to those in a carbamazepine study. Carbamazepine
crystal peaks were still detectable when carbamazepine was ad-
sorbed at 30% onto SBA-15. However, when carbamazepine
was only 10% and 20% adsorbed, the crystal peaks disappeared
(Wang et al., 2012) . In another study, ibuprofen was adsorbed
onto SBA-15 at a mass ratio of 1:1, and the diffraction peak
of ibuprofen crystals on the diffractogram still appeared even
though adsorption occurred according to the PXRD analysis.
The phenomenon, which is similar to this study, showed that
ibuprofen still had peak intensity likely owing to the forma-
tion of ibuprofen crystals on the pore surface during solvent
removal by the evaporation process (Shen et al., 2010) .

The entrapment efficiency of usnic acid in mesoporous

Table 2. Solubility Data of Usnic Acid and Usnic Acid-SBA-15

Sample
Solubility ± Solubility

SD (mg/100 mL) Enhancement

Intact Usnic Acid 0.60 ± 0.03 -
Usnic Acid -SBA-15 3.10 ± 0.14 5.15 times

SBA-15 is 88.58% ± 1.31. Effective adsorption of a drug
molecule will occur if the entrapment efficiency is close to
100%. However, the proportion of entrapment efficiency is
categorized as good if the value is greater than 60% (Supraba
et al., 2021) . The loss of usnic acid by as much as 11.41% in
the adsorption process was likely due to some processes before
the measurements. Adsorption of usnic acid in SBA-15, which
was at 88.58%, could increase the solubility and dissolution rate
of usnic acid in CO2-free distilled water, as shown in Table
2. Previous research showed that albendazole, which is only
adsorbed at approximately 30.3% in SBA-15, can increase the
solubility and dissolution rate of albendazole – loaded SBA 15
(Adrover et al., 2020) . In this study, the solubility of usnic acid
increased 5.153 times when it was adsorbed on mesoporous
silica SBA-15. The increase in solubility was likely due to
the inhibition of the recrystallization process of the adsorbed
usnic acid. The formation of hydrogen bonds through surface
silanol groups and the limited space in the mesoporous SBA-
15 channel is because of the thick and rigid SBA-15 framework
(Letchmanan et al., 2017) . Therefore, usnic acid that has been
adsorbed on mesopores has a higher solubility compared to its
crystalline form.

Figure 7. Dissolution Rates Profile of (a) Usnic Acid and (b)
Usnic Acid – Loaded SBA 15

The percentage of dissolved usnic acid in CO2-free distilled
water with an additional 0.1% w/v SLS is shown in Figure 7.
The amount of usnic acid dissolved in SBA-15 was greater than
in the intact usnic acid. The dissolutions of intact usnic acid
and usnic acid-loaded SBA-15 after 5 min were 3.90 ± 0.434
and 47.40 ± 2.62, respectively. Dissolution of both samples
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Figure 8. Diffractogram of Usnic Acid – Loaded SBA15 at a)
RH 90% , b) RH 85%, c) RH 75%, and d) Usnic Acid –
Loaded SBA15

continued to increase over time until 60 min, reaching 19.51
± 1.56 and 84.26 ± 1.84 for usnic acid and usnic acid loaded
SBA-15, respectively. According to the Noyes–Whitney equa-
tion, the dissolution rate depends on several factors, such as
the solubility and surface area of the active substance (Gao
et al., 2021). Usnic acid adsorbed on SBA-15 has a solubility
5.15 times higher than pure usnic acid. In addition, the small
particle size makes better contact between the active substance
and the dissolution medium. Its large specific surface area can
also increase the wettability of hydrophobic drugs (Wang et al.,
2012) . The pore structure of the SBA-15 mesopores exerts a
restrictive effect that does not allow crystals to form. Crystals
that have high lattice energy limit the solubility process. The
formation of the amorphous phase of usnic–SBA-15 acid, re-
sulting in a reduction in lattice energy from usnic acid solids,
is also the cause of increased dissolution of usnic acid when it
is adsorbed on SBA-15 (Dadej et al., 2021) . In another study,
the active substance dispersed in an amorphous state in the
SBA-15 pores, which interacted with the silanol group on the
mesoporous surface, consequently increasing the dissolution
rate of the active substance. Increased dissolution of the active
substance due to adsorption on SBA-15 can increase the ab-
sorption and bioavailability of the insoluble drug in the body
(Wang et al., 2012) . Physical stability tests on usnic acid-loaded
SBA 15 were conducted in a climatic chamber at RH values of
75%, 85%, and 90%, respectively, at 40 °C for 2 weeks. PXRD
analysis was used to evaluate the solid-state properties of usnic

acid-loaded SBA-15. Figure 8d shows the PXRD pattern of
usnic acid-loaded SBA-15 before storage and after storage at
different RH values (Figure 8 a-c). The diffractogram of usnic
acid did not considerably change. This indicated that the trans-
formation of crystalline usnic acid to another form was ruled
out at high RH. In general, usnic acid – loaded SBA-15 was
physically stable upon storage at high RH.

4. CONCLUSIONS

Usnic acid can be adsorbed in SBA-15 silica mesopores ac-
cording to nitrogen adsorption–desorption isotherm analysis,
SEM, DSC, PXRD, and DSC. The adsorption of usnic acid on
SBA-15 can increase the solubility of usnic acid by 5.15 times
and increase the dissolution rate of usnic acid from 19.51% to
84.26% within 60 min. Usnic acid–SBA-15 is also relatively
stable if stored at high RH.
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