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A B S T R A C T   

Chiral materials exert special functions to be studied. To explore the chiral porous drug delivery effect of silica 
xerogel that synthesized using biomimetic method, two carriers with different chirality (BSX-CL and BSX-CD) 
were prepared. Morphology and porous size distribution of BSX-CL and BSX-CD were characterized. After 
loading indometacin into the two carriers, systemic physical state was studied using fourier transform infrared 
spectroscopy (FTIR) and differential scanning calorimeter (DSC) before measuring in vitro dissolution and in vivo 
pharmacodynamics. The results showed that BSX-CL was small sphere nanoparticles while BSX-CD turned out to 
be solid interlaced networks. Their distinguished morphology differences were mainly attributed to the function 
of small chiral molecules, resulting in the relative large mesopores of BSX-CL highly centralized within 5–10 nm, 
while that of BSX-CD mainly gathered within 6–13 nm. Indometacin was amorphous state in the two carriers, 
leading to the enhancement of in vitro drug dissolution and oral bioavailability. The relative bioavailability of 
indometacin loaded BSX-CL and indometacin loaded BSX-CD achieved 1.27 times and 1.87 times higher than 
indometacin. To summarize, BSX-CL and BSX-CD regulated indometacin release and oral bioavailability via 
controlling the porous size distribution.   

1. Introduction 

Amorphous silica has been widely applied in establishing drug de-
livery systems owing to its characteristics, including non-toxic, good 
biocompatibility and biodegradability, rigid frame, high stability, abil-
ities of loading and delivering drugs [1–5]. Among various kinds of 
amorphous silica, silica xerogel has been long recognized as drug carrier 
according to previous reports. Silica xerogel is formed after undergoing 
from sol of a colloidal suspension system to gel. After gelatinization, wet 
gel is initially formed into a globally connected solid matrix. Xerogel is 
obtained after drying gel [6]. In silica sol system, many determined 
factors, such as pH, polarity, the involved small molecules or polymers 
and its volume, should be seriously considered when designing its drug 
loading system. The matrix of silica xerogel can be rendered as drug 
repository and therefore the property of matrix is a crucial influencing 
factor for managing drug delivery effect. Generally, drug molecules can 
be incorporated into silica matrix through two methods, which are in 
situ loading method and post adsorption method [7]. Their advantages 
can be described as high efficiency of drug loading and highly dispersed 

drug distribution in the silica matrix, respectively. It has been reported 
that a large number of drugs, either water-soluble or poorly 
water-soluble, can be loaded into silica xerogel to perform scheduled 
drug delivery effect, examples were seen with nifedipine, heparin [8], 
propranolole hydrochloride, levofloxacin hydrochloride, metformin 
hydrochloride and toremifene citrate [6] as model drugs. 

Instead, a variety of additives consisting of polypeptides, poly-
saccharides, peptides and polyamines, are able to shoulder the re-
sponsibility of forming biomimetic synthesized silica. The outstanding 
advantages of biomimetic synthesized silica include: (1) the whole 
process accomplishes at ambient working conditions, including normal 
temperature, normal pressure and static state without stirring, which 
can save much energy [9]; (2) easy and facile ways to manage the 
process by regulating pH, polarity, polymer concentration and other 
additives in the system. It has been reported that poly(ethyleneimine)s 
(PEIs) that belongs to polyamines can be the template for forming bio-
mimetic synthesized silica. PEIs consist of branched PEIs and linear PEIs, 
which can be obtained from the ring-opening polymerization of cyclic 
ethyleneimine and hydrolysis of linear polyoxazoline, respectively. 
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Branched PEIs were normally used for preparing silica materials owing 
to its nontoxicity at low molecular weight (<25kD) [10,11]. 

As we all know, chirality is the nature property in the universe. 
Chiral characteristics of chiral drugs are important determinants for 
their bioavailability in oral drug delivery systems. For example, the 
bioavailability of levofolic acid is approximately 100% and that of 
dextrofolic acid is only 20% when orally administrating racemic folic 
acid. Notably, chiral materials exert special functions, typically as chiral 
recognition and matching ability, when being applied in biological 
environment [12]. It has been reported that chiral nanofibers con-
structed by chiral amino acids had different adhesion to cells. Therefore, 
it is feasible to establish chiral drug delivery systems based on chiral 
silica materials, which is of great research value and a new breakthrough 
in the materials science and drug delivery systems. For the first time, the 
present work synthesized a type of chiral silica materials using bio-
mimetic method, which was biomimetic silica xerogel with chiral pores 
that named as BSX-C (levorotatory chiral or dextral chiral BSX-C were 
named as BSX-CL or BSX-CD, respectively). Branched PEIs was taken as 
biomimetic template and the reaction occurred at mild conditions. 

To explore the chiral porous drug delivery management of BSX-C, 
poorly water soluble indometacin was taken as model drug. Indometa-
cin belongs to nonsteroidal anti-inflflammatory drug with poor solubi-
lity, and its applications are mainly covering acute and chronic 
rheumatoid arthritis, gout arthritis and cancer pain [13–16]. It can also 
be used for bursitis, tenosynovitis and joint bursitis. What is more, it is 
effective for colic caused by ureteral calculi, migraines and menstrual 
cramps. Indometacin was loaded into BSX-CL or BSX-CD through in situ 
loading method. Indometacin, BSX-CL, BSX-CD, Indometacin loaded 
BSX-CL and indometacin loaded BSX-CD were characterized using 
fourier transform infrared spectroscopy (FTIR), scanning electron mi-
croscopy (SEM), nitrogen adsorption/desorption and differential scan-
ning calorimeter (DSC). In the end, in vitro release behavior and in vivo 
pharmacokinetic studies were carried out to reveal how BSX-CL and 
BSX-CD regulate drug release with chiral porous control manner. 

2. Materials and methods 

2.1. Materials 

Tetramethoxysilane (TMOS) was purchased from Aladdin (Shanghai, 
China), branched poly(ethyleneimine)s (PEIs) with weight-average 
molecular weight of 20000 was kindly donated by Qianglong new 
chemical materials (Wuhan, China). All other chemical were of reagent 
grade and deionized water was prepared by ion exchange. 

The laboratory animal experiment was conducted according to the 
ethical guidelines that approved by the Ethics Review Committee for 
Animal Experimentation of Shenyang Medical College (Shenyang, 
China). 

2.2. Preparation of BSX-CL and BSX-CD 

BSX-CL and BSX-CD were synthesized using the similar working 
conditions. The brief preparation process of BSX-CL was described as 
follows. Initially, small chiral molecular solution with concentration of 
50 g/L was prepared by dissolving L-tartaric acid in deionzed water. PEIs 
aggregate solution was prepared by mixing PEIs with deionzed water to 
get the final PEIs concentration of 1.0 wt%. Afterwards, 0.5 mL TMOS 
was mixed with 0.4 mL absolute ethyl alcohol, followed by adding small 
chiral molecular solution, APTES and PEIs aggregate solution with 
volume ratio of 0.5:0.5:0.2. The system was left at ambient condition 
statically until the formation of wet gel. Finally, organic solvent inside 
the system was evaporated at room temperature until xerogel state. BSX- 
CD was obtained using the same preparation process except that D-tar-
taric acid was applied as small chiral molecular agent. 

2.3. Loading indometacin into BSX-C 

There are two methods normally applied to load drug molecules into 
silica carriers, which are in situ loading method (one-pot drug inclusion 
method) and post drug adsorption method [7]. By adopting in situ 
loading method, desired amount of drug was impregnated into silica 
carriers, which was easy and efficient with no need to calculate drug 
loading amount as well as drug loading efficiency. Herein, a certain 
amount of indometacin was dissolved in absolute ethyl alcohol. 0.5 mL 
TMOS was mixed with 0.2 mL absolute ethyl alcohol, followed by add-
ing indometacin anhydrous ethanol solution, small chiral molecular 
solution, APTES and PEIs aggregate solution with volume ratio of 
0.2:0.5:0.5:0.2. The system was left at ambient condition statically until 
the formation of wet gel. Finally, organic solvent inside the system was 
evaporated at room temperature until xerogel state. 

2.4. Morphology and porous structure of carriers 

2.4.1. SEM 
SEM was obtained with SURA 35 field emission scanning electron 

microscope (ZEISS, Germany) to analyze surface morphology of BSX-CL 
and BSX-CD. Samples were mounted onto metal stubs using double- 
sided adhesive tape and sputtered with a thin layer of gold under 
vacuum. 

2.4.2. Porous distribution analysis 
According to a large number of literatures that studied silica mate-

rials as drug carrier, the porous size was the main determination for 
managing drug release manner. Therefore, the porous size distribution, 
specific surface area and pore volume of BSX-CL and BSX-CD were 
studied by nitrogen adsorption and desorption measurement using V- 
Sorb 2800P (app-one, China). All samples were degassed at 50 �C vac-
uum drying for sufficient time prior to analysis to remove adsorbed 
water. 

2.5. Verification physical state of indometacin inside carriers 

2.5.1. FTIR 
Fourier transform infrared spectroscopy (FT-IR, Spectrum 1000, 

PerkinElmer, USA) spectra of samples were obtained over the spectral 
region 400 to 4000 cm� 1. Samples were prepared by gently and 
respectively grounding with KBr. 

2.5.2. DSC 
Thermal analysis was conducted by utilizing differential scanning 

calorimeter (DSC, Q1000, TA Instrument, USA). Samples were placed in 
pierced aluminum pans and heated from 30 to 300 �C at a scanning rate 
of 10 �C/min under nitrogen protection. 

2.6. Wetting property and drug release 

2.6.1. Contact angle measurement 
The contact angle was conducted using JCY series (Shanghai, China). 

Automatic contact angle meter model was applied for measurement. 
200 mg powder was weighed and compressed using a circular stainless 
steel punch and die in a infrared tablet press for 10 s at high pressure. A 
drop of dissolution medium contacted compressed plate and the initial 
contact angle was measured [17]. 

2.6.2. In vitro dissolution 
Drug release experiment was carried out using small paddle method 

(100 rpm, 37 �C, and 250 ml dissolution medium) with a ZRD6-B 
dissolution tester (Shanghai Huanghai Medicament Test Instrument 
Factory, China). Indometacin, indometacin loaded BSX-CL and indo-
metacin loaded BSX-CD were exposed to enzyme-free simulated intes-
tinal fluid (pH 6.8). At predetermined time intervals, 5 ml samples were 
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withdrawn from the release medium and then an equivalent amount of 
fresh medium was added to maintain a constant dissolution volume. 
Samples administered through 0.45 μm microporous membrane were 
analyzed using UV-1750(Shimadzu, Japan)at the wavelength of 320 nm. 

2.7. In vivo pharmacokinetics 

Male Wistar rats weighing 200 � 20 g were randomly divided into 
three groups (A group, indometacin; B group, indometacin loaded BSX- 
CL; C group, indometacin loaded BSX-CD) with three animals in each 
group. All the rats were fasted for 12 h but allowed to get water before 
experiment. Sample solutions with dose of 8 mg/body weight were 
orally administered to corresponding groups of rats. Blood of each ani-
mal was collected via the suborbital vein at different time intervals and 
then immediately centrifuged at 5000 rpm to collect plasma. 200 μL 
plasma was mixed with 10 μL internal standard 0.3 mg/mL naproxen 
solution, 90 μL 10% K2HPO4 (pH 3.0) and 1 mL dichloromethane. The 
mixture was vortexed for 3 min and centrifuged at 10000 rpm for 4 min. 
The above aqueous phase was removed and the organic phase was dried 
under nitrogen protection. 100 μL mobile phase was added to redissolve 
samples and the supernatant of each sample was subjected to HPLC 
analysis. 

3. Results and discussions 

3.1. Preparation process and mechanism 

The formation mechanism of BSX-CL and BSX-CD can be concluded 
as the aggregation of PEI, polycondensation of silica source to form silica 
frame, transformation from silica sol to silica gel and finally silica 
xerogel. During the formation process of silica sol to silica gel, the sys-
temic viscosity gradually increased. The turning point ascribed to the 
establishment of silica network structure with sufficient strength. Gel 
state failed to be obtained if the gel strength was not strong enough to 
remain the solvent within silica frame. The special discovery for the 
synthesis of BSX-CL and BSX-CD was that the sol to gel process belonged 
to reversible reaction (see Fig. 1), which meant the transformation of sol 

Fig. 1. Photo of BSX-C during sol to gel process and schematic illustration of 
different systemic inside state of BSX-CL and BSX-CD. 

Fig. 2. SEM images and porous size distribution curves of BSX-CL and BSX-CD.  
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to gel accomplished at room temperature while gel state can be turned to 
sol phase at high temperature (above 50 �C). This phenomenon reflected 
the thermosensitivity of BSX-CL and BSX-CD owing to the approximate 
half volume ratio of aqueous solution and the thorough dispersion of PEI 
in the system. Therefore, high temperature (above 50 �C) should not be 
used during the formation of silica gel. However, after silica xerogel was 
obtained, high temperature condition was proper to be used to evapo-
rate residual organic solvent. Notably, both PEI and APTES exerted 
catalysis functionalities owing to their amino groups. After forming 
silica xerogel, a large number of silanol groups together with amino 
groups originating from PEI and APTES contributed to be active sites for 
interacting with newcomers for loading drug or realizing surface 
modification [18]. In the two synthesized systems, small chiral mole-
cules endowed porous channels with chiral property because these small 
chiral molecules interacted with the amino groups of APTES to control 
silica condensation and therefore affected the formation of silica frame 
and porous structure. Different from other surface modified silica ma-
terials, BSX-CL and BSX-CD were surface modified with carboxyl and 
amino groups and also chirally modified. 

3.2. SEM 

SEM images of BSX-CL and BSX-CD were shown in Fig. 2. It was 
obvious that BSX-CL presented small sphere nanoparticles while BSX-CD 
turned out to be solid interlaced networks. Their distinguished 
morphology differences were mainly attributed to the function of small 
chiral molecules in regulating the aggregation state of PEI in the system. 
Dextral small molecules were capable of strengthening the extended 
state of PEI owing to the interface forces between carboxyl groups with 
amino groups and most of natural substance was clockwise formed, 
further leading to the silica condensation with sufficient time to form 
interlaced networks. On the contrary, levorotatory small molecules did 
not form strong interaction with PEI and therefore PEI failed to spread 
with high extensibility, resulting in silica condensation with sphere 
particle structure. It was interesting that small chiral molecules can 
obviously affect materials morphology, which turned out to be an 
important discovery in the study of chiral silica materials, confirming 
that this parameter was crucial in silica formation process. Since BSX-CL 
and BSX-CD displayed distinguished differences in morphology, 
whether their porous size distributions were different or not remained to 
be seen. 

3.3. Nitrogen adsorption/desorption measurement 

For a large number of silica materials as drug carriers, porous size 
was the determined factor for controlling drug delivery behavior 
[19–21]. Normally, fast drug release rate and high cumulative drug 
release amount can be obtained from silica carriers with large porous 
size since the large pores provided wide space for drug molecules to 
escape from the carrier restraint. Herein, the porous size distributions of 
BSX-CL and BSX-CD were measured, which can be seen in Fig. 2. 
Generally, their porous size distribution profiles presented two-stage of 
distribution within mesoporous size (<50 nm), which can be divided 
into one stage of relative small mesopores (<5 nm) and the other stage of 
relative large mesopores (>5 nm). The two-stage porous size distribu-
tions of BSX-CL and BSX-CD showed different curve patterns. The most 
important point can be concluded as that BSX-CL displayed smaller 
porous size of relative large mesopores compared with BSX-CD, 
reflecting their different distribution ratios of relative large mesopores 
and relative small mesopores. To be specific, the relative large meso-
pores of BSX-CL highly centralized in the range of 5–10 nm, while the 
relative large mesopores of BSX-CD mainly gathered within 6–13 nm. 
The different distributions of relative large mesopores were closely 
related with their formation mechanism. Due to small chiral molecules 
was the main different factor during the formation of these two carriers, 
their porous size distributions were ascribed to the functions of small 

chiral molecules. As stated previously, dextral small molecules were 
capable of strengthening the extended state of PEI and further leading to 
the silica condensation with sufficient time to form interlaced networks, 
while levorotatory small molecules failed to facilitate the spread of PEI 
with high extensibility and resulted in silica condensation with sphere 
particle structure. Therefore, BSX-CD with higher level of interlaced 
networks comprised of relative large mesopores that mainly gathered in 
larger porous range, while the relative large mesopores of BSX-CL 
centralized in relative lower porous range (see illustration graph in 
Fig. 2). The clear elucidation of formation mechanism, morphology and 
porous size distribution of BSX-CL and BSX-CD solidified the compre-
hension of biomimetic silica xerogel with chiral property. In addition, 
specific surface area and pore volume of BSX-CL and BSX-CD were 
provided in Supporting information Table 1 and their nitrogen adsorp-
tion/desorption isotherms were shown in Supporting information Fig. 1. 
It demonstrated that the specific surface area and pore volume of 
BSX-CD were a little larger than BSX-CL, while the difference was not 
significant, which further confirmed the crucial role of porous size dis-
tribution for the two carriers. 

3.4. FTIR 

As shown in Fig. 3, infrared spectra of BSX-CL and BSX-CD presented 
characteristic peaks belonging to silica xerogel, including Si–O–Si 
bending vibration at 465.1 cm� 1 and 465.6 cm� 1, Si–O–Si symmetric 
stretching vibration at 798.4 cm� 1 and 798.7 cm� 1, Si–O–Si antisym-
metric stretching vibration at 1079.6 cm� 1 and 1079.9 cm� 1 [22], 
-COO- stretching vibration at 1400.9 cm� 1 and 1401.1 cm� 1, N–H 
deformation vibration at 1630.2 cm� 1 and 1630.5 cm� 1, OH of Si–OH 
antisymmetric stretching vibration at 3439.7 cm� 1 and 3439.5 cm� 1. 

Table 1 
In vivo pharmacokinetic parameters of indometacin, indometacin loaded BSX- 
CL and indometacin loaded BSX-CD.  

Parameters Indometacin Indometacin loaded 
BSX-CL 

Indometacin loaded 
BSX-CD 

AUC(0-t) (μg/ 
mL*h) 

458.654 � 26.375 582.671 � 64.365 857.638 � 73.368 

MRT(0-t) (h) 9.414 � 0.503 9.332 � 0.115 8.911 � 0.953 
t1/2z (h) 6.673 � 1.836 17.011 � 2.137 19.792 � 18.444 
Tmax (h) 6.000 � 0.000 6.000 � 0.000 6.000 � 0.000 
Cmax (μg/mL) 35.144 � 2.321 66.201 � 10.386 86.959 � 4.095  

Fig. 3. IR spectra of BSX-CL, BSX-CD, indometacin, indometacin loaded BSX-CL 
and indometacin loaded BSX-CD. 
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Infrared spectroscopy of Indometacin showed its classical characteristic 
peaks at 1717.3 and 1691.0 cm� 1 that assigned to the carbonyl groups of 
the acid and amide, peak at 1308.0 cm� 1 belonging to aromatic C–N 

stretching vibration, and peak at 1140.7 cm� 1 of C–O–C stretching vi-
bration. After loading indometacin into BSX-CL and BSX-CD, classical 
drug peaks of carbonyl groups and aromatic C–N stretching vibration 
had been covered, demonstrating that BSX-CL and BSX-CD were effec-
tive in encapsulating small drug molecules. In addition, the displayed 
peaks of N–H deformation vibration, -COO- stretching vibration and 
Si–O–Si antisymmetric stretching vibration that belonged to the two 
carriers had been blue shifted, while the drug classical peak of C–O–C 
stretching vibration showed red shifted, confirming that hydrogen 
bonds were formed between drug with the two carriers. The formed 
hydrogen bonds turned out to be the favourable factor for establishing 
drug loaded carrier systems and influencing the crystalline state of 
loaded drug. 

3.5. DSC 

Drug crystalline state can be also demonstrated by conducting DSC 
experiment [23,24]. DSC thermograms of BSX-CL and BSX-CD showed 
endothermic phenomena but not obvious endothermic peaks (Fig. 4), 
indicating that branched PEIs known as amorphous polyamine, was 
adsorbed onto amorphous silica. It is known to all that crystalline silica 
can cause a rapid influx of inflammatory cells, increase collagen depo-
sition in lungs, and change histological state of pulmonary lymph nodes 
[25], therefore BSX-CL and BSX-CD were safe to be drug carriers due to 
amorphous state of silica [10]. As shown in Fig. 4, the DSC curve of 
indometacin exhibited a single endothermic peak at 160.54 �C, which 
corresponded to its intrinsic melting points. However, no melting peak 
of indometacin was identified in the DSC curves obtained from indo-
metacin loaded BSX-CL or indometacin loaded BSX-CD. The absence of 
phase transitions owing to indometacin in the DSC analysis was evi-
dence that indometacin was in amorphous state [26–28]. The amor-
phous phase of indometacin was favourable for improving drug 
dissolution since the loaded amorphous drug had higher energy 
compared with crystalline drug to release into the medium. 

3.6. Wetting property of carriers and drug release 

For most of solid formulations, wetting property with ability to 
reflect the water penetration level of excipient is an important point 
should be considered. As shown in Fig. 5A, the overall contact angle of 
BSX-CD was significantly lower than BSX-CL, which illustrated that the 
larger porous range of relative large mesopores from BSX-CD contrib-
uted to its enhanced water penetration level than BSX-CL. Furthermore, 
the contact angle spots of BSX-CL and BSX-CD displayed two stages (the 
first stage of BSX-CL was in the range of 0–2 s and the second stage was 
within 2–7 s, while the first stage of BSX-CD was in the range of 0–3 s and 
the second stage was within 3–7 s), possibly can be ascribed to the two- 
stage distributions of mesopores in the two carriers. 

It has been well acknowledged that the release mechanism of silica 
xerogel can be concluded as diffusion and erosion [6]. As can be seen in 
Fig. 5B, drug dissolution of both indometacin loaded BSX-CL and 
indometacin loaded BSX-CD had been significantly improved evidenced 
by their obvious higher drug release profiles than indometacin. The 
enhancement of drug dissolution was attributed to the amorphous phase 
of indometacin in the carrier matrix that proved by DSC measurement 
since its high energy facilitated drug release. What is more, the cumu-
lative drug release of indometacin loaded BSX-CL and indometacin 
loaded BSX-CD at 20 min reached almost 80% and 100% respectively, 
demonstrating that BSX-CD with superior wetting property based on its 
larger porous range of relative large mesopores than BSX-CL was 
beneficial for releasing drug molecules, which was in agreement with 
the widely accepted principle that fast drug release can be achieved by 
applying silica with large mesopores [27]. The enhancement of drug 
dissolution was crucial for indometacin because poorly water-solubility 
was the main limiting factor of drug release. 

Fig. 4. DSC curves of indometacin, BSX-CL, BSX-CD, indometacin loaded BSX- 
CL and indometacin loaded BSX-CD. 

Fig. 5. A, Contact angle of BSX-CL and BSX-CD; B, In vitro dissolution of 
indometacin, indometacin loaded BSX-CL and indometacin loaded BSX-CD. 
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3.7. In vivo pharmacokinetic studies 

In vivo pharmacokinetic profiles and parameters were shown in 
Fig. 6 and Table 1. It was obvious that BSX-CL and BSX-CD had ad-
vantages in improving indometacin bioavailability evidenced by their 
enhanced Cmax and AUC. The Cmax of indometacin, indometacin loaded 
BSX-CL and indometacin loaded BSX-CD turned out to be 35.144 μg/mL, 
66.201 μg/mL and 86.959 μg/mL, respectively. The mean AUC values of 
indometacin loaded BSX-CL and indometacin loaded BSX-CD reached to 
582.671 μg/mL and 857.638 μg/mL, which were 1.27 times and 1.87 
times higher than mean AUC value of indometacin. The oral bioavail-
ability enhancement was obtained because amorphous phase of indo-
metacin in carriers had higher dissolution than crystalline indometacin 
[29–32]. Furthermore, the oral bioavailability of indometacin loaded 
BSX-CD was better than indometacin loaded BSX-CL, which was in 
agreement with in vitro drug release result, demonstrating that the large 
porous range of relative large mesopores was superior in improving 
dissolution of poorly water-soluble drug and further enhancing oral 
bioavailability. 

4. Conclusions 

BSX-CL and BSX-CD that surface modified with carboxyl groups and 
amino groups had been successfully synthesized using biomimetic syn-
thesis method and possessed chirality. According to the results of a series 
of measurement, BSX-CL presented small sphere nanoparticles while 
BSX-CD turned out to be solid interlaced networks. Their distinguished 
morphology differences were mainly attributed to the function of small 
chiral molecules in regulating the aggregation state of PEI in the system, 
further leading to the relative large mesopores of BSX-CL highly 
centralized in the range of 5–10 nm, while the relative large mesopores 
of BSX-CD mainly gathered within 6–13 nm. BSX-CL and BSX-CD were 
effective in encapsulating small drug molecules and hydrogen bonds 
were formed between indometacin with the two carriers. DSC curves 
obtained from indometacin loaded BSX-CL or indometacin loaded BSX- 
CD showed no drug melting peak, confirming that indometacin was in 
amorphous state. The conversion of drug crystalline state contributed to 
the enhancement of in vitro drug dissolution, and BSX-CD with superior 
wetting property based on its larger porous range of relative large 
mesopores than BSX-CL was beneficial for releasing drug molecules. In 
vivo, the relative bioavailability of indometacin loaded BSX-CL and 
indometacin loaded BSX-CD achieved 1.27 times and 1.87 times higher 

than indometacin. To summarize, BSX-CL and BSX-CD regulated indo-
metacin release and oral bioavailability via controlling the porous size 
distribution. BSX-CD with large porous range of relative large mesopores 
was superior in improving dissolution of poorly water-soluble drug and 
further enhancing oral bioavailability. 
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