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Abstract The purpose of this study was to develop and
evaluate a novel amorphous solid dispersion system for
tectorigenin (TG). TG is one of isoflavone aglycones
extracted from Iris tectorum and flowers of Pueraria
thunbergiana, but its poor water solubility and low mem-
brane permeability have severely restricted the clinical
application. To increase the aqueous solubility and oral
bioavailability of TG, we prepared the solid dispersions of
tectorigenin (TG-SD) using a simple solvent evaporation
process with TG, polyvinylpyrrolidone (PVP) and
PEG4000 at weight ratio of 7:54:9 after tested in several
ratios. The prepared solid dispersions of tectorigenin are
duly characterized for drug morphological conversion,
in vitro dissolution and in vivo bioavailability. The X-ray
diffraction (XRD), differential scanning calorimetry (DSC)
and scanning electron microscopy (SEM) studies have
indicated the morphological conversion of tectorigenin to
amorphous form. In vitro release profiles revealed that the
% release of TG-SD was achieved 4.35-fold higher than
that of the pure drug after 150 min. The oral bioavailability
of the solid dispersion in rats was also increased based on
AUC_; and C,,, of TG-SD, which were 4.8- and 13.1-fold
higher than that of TG crystal, respectively. It is worth
noting that physical mixture containing TG, PEG,g, and
PVP produced a similar level of oral exposure as TG-SD,
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suggesting that PEG4p09 and PVP were able to enhance
bioavailability of TG in rats. However, with the reduction
of particle size, TG-SD provided the fastest oral absorption
compared to physical mixture and pure drug. These results
demonstrated that the efficacy of solid dispersions for the
enhancement of TG oral bioavailability was by increasing
its aqueous solubility and the solid dispersion formulation
could be a viable option for enhancing the oral bioavail-
ability of TG.
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1 Introduction

Tectorigenin (TG) is an isoflavone aglycone, which can be
isolated from [ris tectorum and flowers of Pueraria thun-
bergiana. In the ancient, the plants above had been used as
Chinese traditional medicines as antipyretic, antidiarrhetic,
diaphoretic and antiemetic agents (Keung and Vallee
1998). It had been indicated that isoflavone was one of the
native components of the medicines by several groups
(Choudhary et al. 2001; Miyazawa et al. 2001; Qi et al.
2005; Choudhary et al. 2008; Farag et al. 2009; Penetar
et al. 2012). Isoflavones in plants were presented in the
forms of glycosides and aglycones; glycosides were the
main forms (Kim et al. 2006). Though most of isoflavone
glycosides were water-soluble compounds, they were
poorly absorbed by the intestinal epithelium and had
weaker biological activities than the corresponding agly-
cones (Vitale et al. 2013). It was reported that after iso-
flavone glycosides were ingested, they were hydrolyzed to
aglycones in apical membrane of the lumen of the small
intestine (Xu et al. 1995). In addition, isoflavone aglycones
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were absorbed faster than isoflavone b-glucosides (Izumi
et al. 2000). Therefore, TG was considered to be the
pharmacodynamic substance foundation. Till recently,
various pharmacological effects had been reported for TG,
including antidiabetic (Jung et al. 2002; Chen et al. 2010;
Kwon et al. 2011), antioxidative activity (Pool-Zobel et al.
2000; Kang et al. 2005; Wozniak et al. 2010), preventing
prostate cancer (Farhan et al. 2002; Thelen et al. 2005;
Hedlund et al. 2006; Iranshahi et al. 2012), estrogen-like
effect (Yildiz et al. 2005; Shimozawa et al. 2007),
chemoprevention (Jung et al. 2003; Sarkar et al. 2006; Lien
et al. 2009), antiangiogenic and antitumor potency (Zhang
et al. 2008; Kapoor 2013). Thus, TG was expected to be an
active material in the clinical treatment. TG, belonging
biopharmaceutical classification system (BCS) class IV
drugs (Lindenberg et al. 2004) with low aqueous solubility
and low permeability, exhibited a poor absolute bioavail-
ability in pharmacokinetic studies. Hence formulation
approaches which enhance solubility of TG in the gas-
trointestinal fluid were considered crucial to increase oral
absorption. To our knowledge, studies on TG formulation
had not been reported. The present study aimed to develop
an optimized formulation, which efficiently enhanced the
dissolution rate and oral bioavailability of TG. The effi-
cient approaches had been investigated, including salt
formation, prodrug formation, particle size reduction,
complexation, micelles, microemulsions, nanoemulsions,
nanosuspensions, solid lipid nanoparticle and solid dis-
persion (Vo et al. 2013).

Solid dispersion was one of the most applicable for-
mulation strategies to structurally transform poorly water-
soluble drugs with a wide range of physicochemical
properties and had been extensively studied to improve the
bioavailability of poorly soluble compounds (Bhatnagar
et al. 2013). The techniques included spray-dried disper-
sion, solvent evaporation and hot-melt extrusion. The ul-
timate formulations including eutectic, solid solution or
amorphous solid dispersion could improve solubility and
dissolution rate of compounds by dispersing the poorly
water-soluble drug in a biologically inert solid matrix
carrier.

In the present study, we described the preparation of
TG-loaded solid dispersion (TG-SD) using a conventional
solvent evaporation method. PVP, PEG4g09 and PEGgggo
had been previously shown to enhance drug solubilization
in the gastrointestinal tract (Thanki et al. 2013). Therefore,
these hydrophilic polymers were used as carriers to en-
hance dissolution rate of TG. Characterization of the drug
in the various formulations was performed by XRD, SEM
and drug release was quantified by dissolution studies. In
addition, the bioavailabilities of TG from the pure drug,
solid dispersion formulation and physical mixture were
also compared in vivo.
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2 Materials and methods
2.1 Materials

TG was obtained from Must bio-technology Co., Ltd.
(Chengdu, China), and the purity was >98 %. PEGyggo was
purchased from sigma Co., Ltd. (USA). PVP (PLASDONE
K-29/32) was obtained from ISP Co., Ltd. (USA). Ethanol
was received from Tianhua chemical industry science and
technology Co., Ltd. (Chengdu, China). All the other
reagents were of analytical grade and purity.

2.2 Preparation of tectorigenin-loaded solid dispersions
(TG-SD)

The solid dispersion of TG was prepared by a conventional
solvent evaporation method. The weight ratios of drug to
mixed carrier (PEG400o/PVP at the weight ratio of 1:6 in
previous study)were 1:3, 1:6 and 1:9. TG and mixed carrier
were dispensed into a beaker. While the beaker was placed
in a water bath held at 60 °C, TG and mixed carrier were
dissolved in a defined amount of absolute ethyl alcohol.
The solution was transferred to a rotary evaporator and the
solvent was evaporated under vacuum. Following that, the
preparation was cooled immediately at —20 °C and soli-
dified for 12 h. The solidified masses were stored in a
thermostatic Air-blower-driven drying closet for 12 h and
then pulverized by a pestle. The powders were passed
through a 0.154-mm sieve and then collected.

2.3 Preparation of physical mixture

Physical mixture was prepared with mixed carrier and TG
at weight ratio of 9:1. Each component was accurately
weighed out according to the desired amount and mingled
by simple mixing.

2.4 Preparation of drug-loaded CMC-Na suspension

The drug-loaded CMC—Na suspension was prepared by
adding small amounts of 0.5 % (w/v) CMC-Na suspension
to the drug and mixing thoroughly. The 0.5 % (w/v) CMC-
Na suspension was prepared by adding the required amount
of CMC—-Na and mixing in hot water followed by adequate
agitation until solution was clear.

2.5 Characterization of formulations
2.5.1 Powder X-ray diffraction (XRD)
The diffraction patterns of samples were recorded using a

DX-1000 diffractometer (Dandong instrument Ltd, Dan-
dong, China) with a copper anode (Cu Ka radiation), a
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voltage of 40 kV, a current of 25 mA radiation scattered in
the crystalline regions of the samples. Patterns were ob-
tained using a step width of 0.06 °C with a detector
resolution in 26 (diffraction angle) between 2 and 50 °C.

2.5.2 Differential scanning calorimetry (DSC)

Thermal characteristics of TG crystal, carrier, physical
mixture and TG-SD were investigated using a differential
scanning calorimeter (DSC Q2000 TA Instruments, USA).
Samples were accurately weighed into sealed aluminum
pans. The temperature range for the thermogram was
25-250 °C at a heating rate of 5 °C/min. Samples were
purged in a stream of dry nitrogen flowing at 50 mL/min.

2.5.3 Scanning electron microscopy (SEM)

The surface morphology and particle size of TG, carrier,
physical mixture and TG-SD were determined by JSM-
7500F scanning electron microscopy (SEM) (JEOL,
Japan), with an accelerating voltage of 5 kv. The samples
were sputter coated with gold primarily.

2.5.4 In vitro dissolution rate

Release of TG from the solid dispersion was evaluated with
a stirring rate of 100 rpm in 1,000 mL of dissolution media
using the basket method, according to the method in the
Chinese Pharmacopoeia 2010 (Appendix XC, the first
method) at 37 £ 0.5 °C. Dissolution samples of 5 mL
were collected at 10, 20, 30, 60, 90, 120 and 150 min,
respectively, and immediately followed by addition of an
equal volume of fresh dissolution medium maintained at
the same temperature to keep the volume of dissolution
media constant and to maintain the sink conditions. The
samples were filtered through a membrane filter (0.45 pm)
within 30 s, and the absorbance value of TG was analyzed
by UV at 268 nm (UV 759CRT, Youke instrument Co.,
Ltd. Shanghai, China).

2.6 In vivo bioavailability study
2.6.1 Animals

Male Sprague-Dawley rats, weighing ca. 250 £+ 20 g
(8-9 weeks of age; animal experiment center of Sichuan
university, Sichuan, China), were housed two per cage in
the laboratory with free access to food and water, and
maintained on a 12-h dark/light cycle in a room with
controlled temperature (24 & 1°C) and humidity
(55 £ 5 %). All procedures used in the present study were
conducted in accordance with the guidelines approved by
the Institute of Animal Resources of Sichuan University.

2.6.2 Pharmacokinetic study

The rats were fasted overnight before dosed at 40 mg/kg by
gavage. All the formulations were suspended by 0.5 %
(w/v) CMC—-Na before administration. Blood samples were
obtained at a volume of 500 pL from the tail vein of
unanesthetized rats at the indicated times (0.083, 0.167,
0.33,0.5, 1, 2, 4, 6, 8, 10, 12, 14, 16, 24 and 36 h). Each
blood sample (500 pL) was centrifuged at 8,000 rpm to
prepare plasma samples. The samples were kept frozen at
below —40 °C until they were analyzed. TG concentrations
in plasma were determined by HPLC. In brief, 400 pL of
precipitator (methanol: acetic acid, 9:1) was added to
200 pL of plasma sample, and the solution was vortex-
mixed for 5 min and centrifuged at 8,000 rpm for 5 min.
The upper layer was transferred to another tube and
evaporated at 40 °C by a nitrogen evaporator. The residue
was reconstituted by 100 pL of mobile phase and cen-
trifuged at 12,000 rpm for 5 min, after that, 20 pL. of the
solution was injected for HPLC analysis.

2.6.3 High-performance liquid chromatography analysis

All compounds and internal standard were separated on a
Waters Symmetry reverse C-18 column (150 x 4.6 mm,
5 pm). Mobile phase consisted of methanol and phosphate
buffer solution at pH 3.0 (55:45, volume ratio). The ef-
fluent was monitored at a UV absorption wavelength of
268 nm at a flow rate of 1.0 mL/min (Liu et al. 2009). The
retention times of TG and internal standard (kaempferol)
were 9.7 min and 14.3 min, respectively. The calibration
curve of TG was linear within the concentration range of
0.03 ~10.00 pg/mL, and the lower limit of qualification
was 0.03 pg/mL. The intra-day and inter-day precision
(RSD) of TG were lower than 9.28 %, and the recovery
rates were up to 89.29 %. All the data obtained in the
method validation met the requirements of quantitative
analysis. The maximum plasma concentration (Cy,.,) after
oral administration and the time at which it was observed
(Tmax) Were observed directly from the individual plasma
concentration—time profiles. Area under the plasma con-
centration—time curve from 0 to 60 h (AUCy_¢o) was cal-
culated by the linear trapezoid rule. The terminal half-life
(t,) was calculated as In(2) divided by the absolute value
of the slope of the terminal log-linear phase. The relative
bioavailability was calculated by dividing mean AUC
value of TG physical mixture or solid dispersion formu-
lation by mean AUC of CMC-Na formulation.

2.6.4 Statistical analysis

All the results obtained from pharmacokinetic study were
expressed as mean + standard deviation. Pharmacokinetic
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parameters were obtained using drug and statistics (DAS)
version 2.1.1 software (Mathematical Pharmacology Pro-
fessional Committee of China, Shanghai, China). Statistical
differences among groups were assessed using the
ANOVA test among three means for unpaired data. When
P < 0.05, statistical significance was considered to be
achieved.

3 Results and discussion
3.1 Preparation of solid dispersion

The solid dispersions of TG were prepared with the mixed
carrier(PEG4000/PVP at the weight ratio of 1:6 in previous
study)in the ratios of 1:3, 1:6 and 1:9 (drug:carrier) by a
conventional solvent evaporation method through pre-
liminary study using dissolution profiles. The results were
presented in Fig. 1. The solvent evaporation method in-
volves dissolution of TG and mixed carrier in absolute
ethyl alcohol, hot bath, evaporation of the solvent and
cooling to obtain the product. The key procedure was to
ensure TG powder dispersed uniformly. In addition, with
the improved ratio of mixed carrier in solid dispersions,
the dissolution of TG from solid dispersions was obvi-
ously increased. Ultimately, we obtained the optimal
formulation of TG-SD with drug, polyvinylpyrrolidone
(PVP) and PEGygyo at weight ratio of 7:54:9. PVP and
PEG were the most frequently used polymers for the
preparation of solid dispersions (Bikiaris 2011a, b; Alam
et al. 2012). PVP was a polymeric lactam, which had low
toxicity, strong hydrophilic properties, and physiological
tolerance (Narang and Srivastava 2002). PVP was ex-
tensively used as carrier in preparation of solid dispersion
by solvent methods because of its universal solubility in
hydrophilic and hydrophobic solvents (Sharma and Jain
2010; Barmpalexis et al. 2011). In addition, PEGs were
widely used in preparation of solid dispersion because of
their low melting point (50-60 °C), rapid solidification
rate and capability of forming solid drug solutions. Con-
sequently, a mixed carrier containing two polymers was
designed aimed at preparing an optimized solid dispersion
with enhanced dissolution rate and oral bioavailability.
The effect of various carriers on the solubility of TG was
selected as the evaluation indicator. The absorbance value
of TG in the filtrate was analyzed by UV at 268 nm (UV
759CRT, Youke instrument Co., Ltd. Shanghai, China).
According to the previous studies, PVP and PEG4000
were the most effective solubilizers for TG, and the
mixed carrier of PEGygyy and PVP at the ratio of 1:6
(w/w) could be used to prepare a TG-SD with the highest
dissolution rate of TG in vitro.
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Fig. 2 Powder X-ray diffraction patterns of TG, TG-SD, physical
mixture and carrier

3.2 Characterization of formulations
3.2.1 Powder X-ray diffraction analysis

Powder X-ray diffractograms of TG alone, TG-SD, phy-
sical mixture and carrier are shown in Fig. 2. The presence
of TG distinct peaks in the XRD spectrum indicated that
TG was present in nature as a crystalline material with
major characteristic diffraction peaks appearing at a
diffraction angle of 260 at 5°-30°. The carrier exhibited a
distinct pattern with diffraction peaks at 26 value of 19.2°
and 23.6°. Diffraction peak intensity of physical mixture
weaken comparing with that of TG alone, but there were
still many obvious diffraction peaks in comparison to that
of carrier, demonstrating that there still existed a crystal
form of TG in the physical mixture, which attributed to TG
crystal and excipients. Meanwhile, the diffraction pattern
of TG-SD showed an absence of major diffraction peaks
corresponding to TG crystal, indicating that TG in TG-SD
presented predominantly as the amorphous state. More-
over, no peaks other than those that could be assigned to
pure TG and carrier were detected in the solid dispersions
of TG, indicating no chemical interaction in the solid state
between the entities.
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3.2.2 Differential scanning calorimetry analysis

A sharp endothermic peak corresponding to the melting
point of crystalline TG was recorded at 230.98 °C in the
DSC thermogram (Fig. 3). However, a less intense and
broader melting peak for TG was observed in the DSC
thermogram of physical mixture, with a peak shift toward
lower temperature 210.19 °C. This may result from the
impact of the melted carrier on crystalline TG within the
physical blend. There was no distinct TG melting peak
observed in TG-SD thermogram, which confronted well
with the XRD results.

3.2.3 Scanning electron microscopy analysis

To investigate the morphological differences of samples
and to further explain the XRD/DSC results, SEM analysis
was performed and the results are shown in Fig. 4. TG was
observed as prismatic crystals. Carrier which contained
PVP and PEG4000 existed as spherical or irregularly
shaped particles with smooth surfaces. The figure of the
physical mixture of TG with carrier showed the presence of
drug crystals surrounded by carrier. On the other hand, in
TG-SD, the irregularly shaped particles of carrier could be
observed, and the smooth surface was covered by many
small lamellas attributed to TG. Figure. 4 shows TG had
lost its crystalline structure, suggesting that TG had con-
verted to amorphous form in TG-SD. This speculation was
confirmed by the results of XRD/DSC analysis. Mean-
while, it can be observed that the particle size of TG re-
duced appreciably with variable degrees. Theoretically, an
amorphous formulation of poorly soluble chemicals tended

to exceed its crystalline formulation markedly in terms of
aqueous solubility and dissolution behavior.

3.2.4 Dissolution analysis

It is interesting to compare the results of TG dissolution
tests from solid dispersion samples performed by solvent
evaporation method with those of the corresponding phy-
sical mixture as well as plain TG. As shown in Fig. 5,
enhancement of TG dissolution rate was achieved. The %
release of TG-SD was 99.22 4+ 8.36 % at the end of
150 min, signifying that TG had dissolved completely,
meanwhile, the % release of TG crystal and physical
mixture was 22.80 + 2.94 and 46.18 & 2.83 %, respec-
tively. Obviously, the TG-SD gave significantly higher
dissolution ratios compared to the pure drug powder and
physical mixture in defined time, which supported the re-
sult that TG crystal transformed to amorphous material in
TG-SD. In addition, physical mixture exhibited higher
dissolution ratio than pure drug powder, which attributed
mainly to the improved solubilization efficacy of PEG4000
and PVP. The dissolution tests of TG, physical mixture and
TG-SD were ensured under sink conditions and pH 6.8
PBS was selected as dissolution media to simulate the in-
testinal environments.

The dissolution study indicated that the mixture of
PEG4000 and PVP as the carrier in solid dispersions leads
to an improvement in the solubility of TG. Enhancement of
TG dissolution rate was achieved significantly by preparing
an innovative solid dispersion of TG with the mixed carrier
of PEG4000 and PVP, but the full mechanism behind the
improved dissolution rates for amorphous drug compounds
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Fig. 4 Scanning electron microscopy photographs of a TG, b carrier (PVP:PEG4000, 9:1, w/w), ¢ physical mixture (TG:PVP:PEG4000, 7:54:9,

w/w), d TG-SD

98 1

78 1

—— TG -= TG-SD —— Physical mixture

58 1

% Release

38 1

18 1

0 40 80 120 160

Time (min)

Fig. 5 In vitro dissolution profiles of TG, TG-SD and physical
mixture (mean £+ SD, n = 3)

stabilized by a hydrophilic carrier is still not fully under-

stood. Comprehensive reviews of the subject have been
given by others (Leuner and Dressman 2000; Craig 2002;
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Vasconcelos et al. 2007; Dhirendra et al. 2009; Bao et al.
2014). This dissolution has been suggested to either be
carrier controlled or drug controlled (Khan et al. 2014;
Prasad et al. 2014). For the carrier controlled, the disso-
lution is dominated by the properties of the carrier and the
weight ratio of mixed carriers, whereas for the drug con-
trolled, drug properties such as particle size and physical
form can be linked to the dissolution rate. The possible
reasons for leading to improvement in dissolution rate were
that the solvent evaporation method, synergistic effect of
trituration and solubilization of used solvent reduced
crystallinity of drugs. The other reason may be due to
availability of increased surface area of particles and dis-
persing uniformity.

3.3 Rat pharmacokinetics analysis

The dose for pharmacokinetic study was 40 mg/kg based
on the previous study (Park et al. 2004; Lee et al. 2005).
The mean plasma concentration profiles of TG after oral
administration of TG crystal, physical mixture and solid
dispersion to rats at a dose of 40 mg/kg as TG are shown in
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Fig. 6, which displayed TG from TG-SD formulation and
physical mixture exhibited more rapid absorption, com-
pared with the TG crystal. Moreover, TG existed in TG-SD
had the highest C,, than that of corresponding to physical
mixture and TG crystal. The key pharmacokinetic pa-
rameters of TG are listed in Table 1, from which we could
observe that both TG-SD and physical mixture exhibited
distinct improvements in the Cpax, Tmax and AUCy_ over
TG crystal (P < 0.05). In particular, C,,,x from the TG-SD
was 13.1 and 5.86-fold higher than TG crystal and physical
mixture, respectively, the AUC(_ from the TG-SD was
4.8- and 1.5-fold higher than TG crystal and physical
mixture, respectively, and Ty,,x was significantly shorter
than those of the other two preparations (P < 0.05). All of
the results above suggested that developed solid dispersion
formulation could improve the drug release and absorption
rate in the gastrointestinal tract and consequently improve
the oral bioavailability of TG.

As the results of XRD, DSC and SEM analysis for
characterization of formulations, it could be inferred that
TG crystal transformed to amorphous nature in TG-SD. An
amorphous solid was a material which was similar to a
crystalline solid, but had no long-range order of molecular
energy surface corresponding to different molecular pack-
ing or well-defined molecular conformation. Structure like
this resulted in some properties which were valuable in
pharmaceutical research, including higher solubility and
higher dissolution rate (Yu 2001). Therefore, it could be
anticipated that TG-SD would exhibit a higher dissolution
rate compared to the pure drug. In dissolution study, the %
release of TG-SD was 4.35-fold higher than the pure drug
(Fig. 5), which supported the above point.

The most ponderable result was obtained in the phar-
macokinetic study. The key pharmacokinetic parameters of
TG showed that the AUC_; and C,,,x of TG-SD were in-
creased by 4.8- and 13.1-fold, respectively, compared to
TG crystal. In brief, the relative bioavailability of TG-SD
was 4.8-fold higher than that of TG crystal. The results
could be attributed to the amorphous nature of TG in this
formulation. The enhanced dissolution rate and solubility
of amorphous material were able to improve the

3.5

- TG
2 4 - TG-SD

—#= Physical mixture

Concentration (ng/mL)

30 40 50 60
Time (h)

Fig. 6 Mean plasma concentration—time profiles of TG after oral
administration of TG, TG-SD and physical mixture (mean £ SD,
n=2>5)

bioavailability of the drugs, of which the solubility or
dissolution rate could be the limiting step for their ab-
sorption (Gao 2008). Interestingly, the physical mixture
exhibited a similar relative bioavailability compared to TG-
SD (P > 0.05), which was significantly different with pure
drug (P < 0.05). One possible explanation for this result
was the presence of PVP and PEGyyyy. According to
Noyes—Whitney equation, the main possibilities for im-
proving drug dissolution would be to increase the drug
surface area available for dissolution by decreasing the
particle size of the solid compound and/or by optimizing
the wetting characteristics of the compound surface (Finia
et al. 2005). Excipients from physical mixture and TG-SD
maintained the drug in a supersaturated state in the gas-
trointestinal tract, and particularly maximized the drug
solubility within the prime absorptive site of the gut
(Janssens and Van den Mooter 2009). Especial for PVP,
which had been indicated to prevent drug precipitation or
increase absorption by increasing drug-free fraction
(Gosangari and Dyakonov 2013). In addition, TG-SD ex-
hibited a shortest T,,, relative to pure drug and physical
mixture, which suggested that TG-SD provided the fastest

Table 1 Key pharmacokinetic parameters of TG in rats after a single oral administration of TG, TG-SD, physical mixture (mean &+ SD, n = 5)

TG-SD

Physical mixture

Parameters Unit TG

AUC mg/L*h 3.099 + 0.687
AUC o) mg/L*h 3.266 + 0.723
MRT h 9.509 + 1.127
ts h 5.861 & 0.822
Tinax h 1.8 & 0.447
Crax mg/L 0.297 £+ 0.048
Ka 1/h 1.592 + 0.448

14.950 £ 3.992%*
15.498 £ 4.003
11.628 £+ 1.054
10.706 £+ 1.062
0.375 £ 0.159*
3.892 £+ 1.916*
14.882 £ 5.214*

8.352 + 2.918*
10.471 £ 2.820
17.198 £ 1.623
23.188 £+ 5.573

0.6 £ 0.224*

0.664 £ 0.269*

4.462 £+ 1.406*

* P < 0.05, compared with TG
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oral absorption of TG. The shortest T,,,x was attributed
mainly to the highest dissolution rate influenced by the
decreased particle size, combined with the results observed
from the SEM results (Fig. 4) and dissolution profiles of
TG, physical mixture and TG-SD (Fig. 5) and the plasma
profiles shown in Fig. 6. On the other hand, it was once
reported that drugs with smaller particle size enhanced
bioavailability not only by enhancing dissolution but also
the increased uptake by the gastrointestinal lymphatic
system, a route from which drug nanoparticles could enter
into circulation circumventing the first-pass effect (Nassar
et al. 2011). Although amorphous material existed a widely
use in pharmaceutical researches, it was thermody-
namically unstable and may recrystallize during storage
(Konno and Taylor 2006). Thus storage stability of this
formulation should be investigated in further studies.

TG belonged to BCS class IV drugs with low solubility
and low permeability. As dissolution was a rate-limiting
step for oral absorption of these drugs, it had been widely
demonstrated that development of solubility could lead to a
correspond enhancement in oral bioavailability (Leuner
and Dressman 2000). Hence, the present study focused on
the attempts to increase the dissolution rates of the drug.
Finally, we successfully developed a TG-SD with an en-
hancement of 4.8-fold in oral bioavailability, relative to TG
crystal. In addition, lipid-based formulation approaches
may be successfully employed to enhance the uptake of
drug in gastrointestinal tract for drugs class IV (O’Driscoll
and Griffin 2008), such as microemulsion and self-emul-
sifying drug delivery systems. In recent years, it had been
reported that various novel formulations that based on
combined formulations (Venishetty et al. 2012; Faisal et al.
2013; Onoue et al. 2013; Siddiqui et al. 2013) enhanced the
oral bioavailability via developing both solubility and
permeability of drugs, and were expected to become opti-
mized formulations of BSC class II/IV drugs. Since for-
mulation studies of TG had not been reported, further
studies would be needed to screen formulations of TG
using novel or conventional strategies, which aimed at
improving the physicochemical properties and in vivo be-
havior of compounds.

4 Conclusion

Solid dispersion in the enhancement of aqueous solubility
and oral bioavailability of poorly soluble drugs has been
becoming prominent. In the present work, an innovative
solid dispersion with mixed carrier for an aqueous insol-
uble drug, TG, is prepared by a solvent evaporation
method. TG-SD could obviously improve the dissolution
rate of TG in vitro and the oral bioavailability in vivo
compared to plain drug. The results of characterization

A\ Adis

indicated that the enhancement of aqueous solubility and
oral bioavailability can be attributed to the factors such as
reduced particle size, amorphous form of drug, which re-
sulted in the enhancement of dissolution rate and intestinal
uptake. This formulation could be applied as a new, ef-
fective and viable option for enhancing the oral bioavail-
ability of TG. In the future, we are going to optimize the
strategies for lipid-based formulations to develop an opti-
mal oral formulation with the higher oral bioavailability of
TG.
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