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Background: Tanshinone IIA (TSIIA) exhibits a variety of cardiovascular effects; however, it has www.phcog.com

low solubility in water. The preparation of poorly soluble drugs for oral delivery is one of the DOI:

greatest challenges in the field of formulation research. Among the approaches available, solid 10.4103/0973-1296.137375
dispersion (SD) technique has proven to be one of the most commonly used these methods for
improving dissolution and bioavailability of drugs, because of its relative simplicity and economy
in terms of both preparation and evaluation. Objective: This study was aimed at investigating the
dissolution behavior and physical stability of SDs of TSIIA by employing nano-hydroxyapatite (n-HAp).
Materials and Methods: The TSIIA SDs was prepared to use a spray-drying method. First, an
in vitro dissolution test was performed to assess dissolution characteristics. Next, a set of
complementary techniques (differential scanning calorimetry, scanning electron microscopy,
X-ray powder diffraction, and Fourier transform infrared spectroscopy) was used to monitor the
physicochemical properties of the SDs. The SDs was stored at 40°C/75% relative humidity for
6 months, after which their stability was assessed. Results: TSIIA dissolution remarkably improved
because of the formulation of the SDs with n-HAp particles. Comparisons with the corresponding
physical mixtures revealed changes in the SDs and explained the formation of the amorphous
phase. In the stability test, virtually no time-dependent decrease was observed in either in vitro
drug dissolution or drug content. Conclusion: SD formulation with n-HAp may be a promising
approach for enhancing the dissolution and stability of TSIIA.
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INTRODUCTION The SD technique is defined as the dispersion of one or
more active ingredients within an inert cartier or matrix.!'*!!

The number of poorly soluble drug compounds has  Although, the SD approach has generated considerable

increased sharply since high-throughput screening
and combinatorial chemistry were introduced into
pharmaceutical development processes.'”) Enhancing
the oral bioavailability of poorly water-soluble drugs by
an increasing dissolution is one of the most challenging
tasks in drug development.**! The various methods such
as salt formation, solubilization, particle-size reduction,
and solid dispersion (SD) formation have been reported
for this purpose.l*” Among these, SD technique is
frequently used.
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interest, its commercial application has been limited
because of difficulties involved in the manufacturing
process, as well as problems with product stability.">"" Poor
stability can result in the reversal of the amorphous drug
into a crystalline state and can thus, alter its dissolution
properties upon storage. Nevertheless, specific interactions
between drugs and their carriers have been reported
to inhibit recrystallization and/or stabilize the active

ingredient in the amorphous state.['*"!

Hydroxyapatite (Ca, (PO,) (OH),), a substantial inorganic
component of mammalian bones and teeth, is an
excellent biomaterial because of its biocompatibility and
osteoconductivity.'*" In addition, hydroxyapatite has been

used as an adsorbent for a wide range of ions, small molecules,
and macromolecules."™”) Nano-hydroxyapatite (n-HAp)
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exhibits a significant adsorption capacity owing to its
relatively large surface area®™ and was found to be a
superior sorbent because of its low cost, availability,
and high defluoridation capacity, as previously reported
by Sairam Sundaram ez a/P" n-HAp has also received
significant attention for application in medicine and
dentistry.?** However, there are currently no reports on
the application of n-HAp as a carrier in SD formulations.

Tanshinone ITA (TSIIA), a main biologically active
component extracted from the root of Salvia miltiorrhiza
Bunge, exhibits a variety of cardiovascular effects. It is
used to treat cardiovascular and cerebrovascular diseases
such as angina pectoris, arrhythmias, acute ischemic
stroke, and hypetlipidemia.”>* However, TSITA has low
oral bioavailability® because of its negligible solubility in

B insufficient dissolution rate,’*? and first-pass
33)

water,
metabolism.!

In the present study, solid dispersions (SDs) was prepared
to use the TSIIA and n-Hap, which were used as models
of a pootly water-soluble drug and a dispersion carrier,
respectively. Physical changes in the SDs were examined
using the differential scanning calorimetry (DSC),
scanning electron microscopy (SEM), X-ray powder
diffraction (XRPD), and Fourier transform infrared
spectroscopy (FTIR), and the dissolution performance
was evaluated. The stability of the SDs after long-term
storage was also tested.

MATERIALS AND METHODS

Materials

A TSIIA standard with purity greater than 99% was
purchased from the National Institute for the Control of
Pharmaceutical and Biological Products (Beijing, China). In
additional TSITA was supplied by Nanjing ZelL.ang Medical
Technology Co. Litd., and its purity was greater than 98%;
n-HAp with an average particle size of 60 nm was supplied
by Nanjing Aipurui Nano Materials Co. Ltd (Nanjing,
China). All reagents were of analytical grade except for
methanol, which was of chromatographic grade.

Preparation of SDs and physical mixtures

The SDs of TSIIA with n-HAp in the following ratios was
prepatred to use a spray-drying method: TSIIA: n-Hap at
ratios of 1:2,1:4, 1:6, and 1:8. TSIIA was dissolved in ethanol
and n-HAp was added. After ultrasonication for 15 min, the
suspensions were fed into a spray dryer (SD-06 Labplant,
Labplant UK Limited, North Yorkshire, Britain) at a rate of
8 ml/min. The inlet and outlet temperatures of the drying
chamber were maintained at 100°C and 50°C, respectively.
The resultant powders were dried in a desiccator with a
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blue silica gel under reduced pressure for 1 day prior to
assessment of their properties. The physical materials (PMs)
were prepared by blending the components in a mortar.

In vitro dissolution study

HPLC analysis of TSIIA

The concentration of TSIIA in the dissolution medium
was determined using the high-performance liquid
chromatography (HPLC). The HPLC equipment included
a high-performance 1200 system (Agilent technologies,
CA, USA) fitted with quaternary pumps, an autosampler,
a UV detector set to a wavelength of 270 nm, and a
column compartment at 30°C. The HPLC stationary
phase consisted of a reverse phase Agilent Zorba SB-C18
column (150 X 4.6 mm, 5 um; Agilent Technologies Co.
Ltd., USA). The mobile phase consisted of methanol and
water (85:15, v: v) and was pumped isocratically at a flow
rate of 1 ml/min. The samples (10 UL) were injected into
the HPLC system for analysis.

In vitro dissolution studies

Dissolution studies of the samples were performed using
an intellective dissolution apparatus (RCZ-8A dissolution
apparatus, Precision Instruments, Tianjin University) in
900 mL of distilled water containing 0.5% sodium dodecyl
sulfate at 37 £ 0.5°C. A paddle method was used at a
rotation speed of 50 rpm according to ChP 10 method
2 (paddle method). The samples equivalent to 5 mg TSIIA
were spread onto the surface of the dissolution medium,
and 5 mL of the samples was withdrawn at 15, 30, 45, 60,
90, and 120 min. Equal volumes of fresh medium were
added into the dissolution vessel after each sample was
obtained. The aliquots were filtered through a 0.45-um
filter membrane, and the initial sample volume (2 ml)
was discarded, resulting in a final volume of 3 ml that
was collected and analyzed by HPLC. These dissolution
experiments were performed in triplicate, and the average
dissolution profiles and standard deviations were calculated.

DSC

DSC measurements were performed using a
TA-2910-modulated calorimeter (TA Instruments,
New Castle, DE, USA). Specific heat measurement was
standardized using a sapphire. TSIIA, PMs, and SDs were
ground for 2 min by using a mortar and pestle, and then
slightly compressed in an aluminum pan by using a steel
plunger. The samples (2-4 mg) wete heated (25-500°C) at
a constant scanning speed (5°C/min) by using nitrogen as
the purging gas (50 ml/min).

SEM

SEM images of either TSIIA alone or the SD preparations were
obtained using a scanning electron microscope (S-3000 N,
Hitachi, Japan) with 30 kV accelerating voltage.
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XRPDn-HAp

XRPD measurements of the samples were performed using
an X-ray diffractometer (D8-Advance; Bruker, Karlsruhe,
Germany) with a Kb filter, Cu radiation, a voltage of 25 kV,
and a current of 30 mA. The powder samples were placed
in a sample-holder groove and were tightly packed. They
were continuously spun and scanned at a rate of 1°min™"

over a 20 range of 5-70°.

FTIR

FTIR spectra of TSIIA, n-HAp, PMs, and SDs were
recorded with an FTIR instrument (8400 S, Shimadzu,
Japan) using KBr disk method (0.5% [w/w] of the sample).
The instrument was operated under a dry air purge. The
scanning range was 4000-400 cm™, and the resolution

was 1 ecm™.

Stability test

SDs were packed in aluminum foil and monitored for
up to 6 months at a consistent ambient temperature and
relative humidity (40°C/75% RH). The samples were then
removed and analyzed for (1) drug content, and (2) the
extent of dissolution.

RESULTS AND DISCUSSION

In vitro dissolution study

The dissolution profiles of TSIIA, PMs, and SDs at various
drug-carrier ratios are shown in Figure 1. The SDs improved
the dissolution rates of TSIIA to the greatest extent, unlike
those observed in the case of either pure TSIIA or PMs.
TSIIA exhibited a poor dissolution rate with less than
30% of the drug dissolved after 120 min. As expected,
the PMs did not influence the dissolution of crystalline
TSIA. In contrast, all of the SDs prepared with the n-HAp
displayed markedly improved TSIIA dissolution rates. The
dissolution rate of TSIIA increased with increasing n-HAp
contentin the SDs. At a TSIIA: N-HAp ratio of 1:6, more
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Figure 1: The dissolution profiles of Tanshinone IIA solid dispersions at
different Tanshinone [IA/n-HAp ratios of 1:2, 1:4, 1:6, 1:8, and the 1:8
physical materials. Each point represents the mean + SD value (n=3)
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than 90% of TSIIA was dissolved within 45 min, which was
approximately a 0.8-fold increase compared to pure TSIIA.
The SDs prepared at a TSITA: n-HAp ratio of 1:8 showed
the highest dissolution rate, with approximately 96%
dissolution at 45 min. This marked improvement in the
dissolution rate of TSIIA from the SDs may be explained
by the reduction in particle size during the formation of
the SDs, reduction of aggregation phenomena among
the drug patticles, and/or an increase in the effective
surface area owing to more intimate particle contact and
fine dispersion into the carrier.’¥ Another factor that
might have contributed to the increase in the dissolution
rate is the rapid desorption of the drug from the n-HAp
surface as previously described for silica-based excipients
in the eatly 1970s.”"! Moreovet, loss of drug crystallinity
due to its nearly complete amorphous dispersion in SDs
(as confirmed by DSC and XRPD studies) further supports
the interpretation that the dissolution properties are
enhanced by SD formulation.

SEM

Images obtained using the SEM is shown in Figure 2.
Differences between the crystalline forms can be clearly
seen. An SEM image of TSIIA is shown in Figure 2a. The
morphology of TSIIA was marked by irregularly shaped
crystals. However, the original morphology of TSIIA was
entirely altered when formulated as SDs as shown in the
SEM micrographs in Figure 2b, suggesting that TSIIA
homogeneously dispersed into the n-HAp carrier and thus,
may exist in an amorphous form.

DSC

DSC thermograms of TSIIA, n-HAp, PMs, and SDs are
shown in Figure 3. Pure TSIIA [Figure 3a] exhibited a
sharp melting peak with the onset temperature of 218.9°C,
indicating its crystalline nature. Similar observations have
been reported by Zhao e a/P® During the scanning of
PMs [Figure 3¢, melting and an exothermic peak of TSITA
was observed. Because a large amount of n-HAp acts as
an impurity, most of the drug exists in an eutectic form.
In the SDs [Figure 3d], the characteristic peak of TSIIA
disappeared entirely, demonstrating that the drug may be
present in the SDs in an amorphous state.

a '30kV. X2,000 10pm 10 50 X8,000 . 2pm 10 40 SEI

Figure 2: Photomicrographs obtained on performing scanning electron
microscopy of Tanshinone IlA (a) and 1:8 (w/w) solid dispersions (b)
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Figure 3: Differential scanning calorimetry curves of Tanshinont (a),
nano-hydroxyapatite (b), 1:8 (w/w) physical materials (c), and 1:8 (w/w)
solid dispersions (d)

XRPD

The crystallinity of TSIIA in PMs and SDs was examined
by petforming XRPD. X-ray diffraction results of TSIIA,
n-HAp, PMs, and the corresponding SDs are shown in
Figure 4. TSIIA [Figure 4a] showed sharp and intense
peaks in the range of 5-45° 20, indicating its crystalline
nature; n-HAp [Figure 4b] had several salient peaks between
24° and 64° 20. In the PM [Figure 4c], the characteristic
diffraction peaks of both the carrier and the drug were
presentas if the sum of the components had been analyzed
separately, and this pattern suggested that TSIIA existed as a
crystalline form in this PM. However, in the case of the SDs,
the main characteristic crystalline peaks of TSIIA were not
observed, suggesting a change in the drug from a crystalline
to an amorphous form [Figure 4d]. This observation was
consistent with the findings of the DSC study.

FTIR

The potential interactions between TSIIA and n-HAp in
the SDs were evaluated by FTIR. The spectra of TSIIA,
n-HAp, PMs, and the corresponding SDs are shown in
Figure 5. When scanned between 4000 nm and 400 nm,
TSIIA [Figure 5a] showed characteristic carbonyl-stretching
vibration absorption peaks at 1675 cm™. In this case, any
sign of an interaction would reflect a change in the carbonyl
vibrations and would be depend on the extent of the
interaction. The spectrum of n-HAp [Figure 5b] presented
characteristic signals at 1093, 1034, 602, 572, and 3570 cm™
that were attributed to stretching vibrations of phosphate
and OH groups.’™* The spectra of PMs [Figure 5c| were
identical to the additive spectrum of TSIIA and n-HAp, thus
indicating the absence of an interaction between TSIIA and
n-HAp. However, the SDs [Figure 5d] showed an almost
complete disappearance of the OH peaks at 3570 cm™,
and changes were also observed in the carbonyl group.
The peak at 1675 cm™ shifted to 1663 cm™, probably as

Pharmacognosy Magazine | July-September 2014 | Vol 10 | Issue 39

10 20 30 40 50 60
Angle(20 )

Figure 4: The X-ray powder diffractograms: Tanshinone IlA (a),
n-nano-hydroxyapatite (b), 1:8 (w/w) physical materials (c), and 1:8
(w/w) solid dispersions (d)

a consequence of hydrogen bonding between n-HAp and
TSIIA during a spray drying. Hydrogen bonding played a
role in maintaining the drug’s stability during storage.

Stability test

The lack of stability of SDs is the main problem and the
primary reason for the relatively few marketed products
based on SDs, despite numerous studies demonstrating
their potential advantages.""*l Amorphous drugs
formulated as SDs have a tendency to recrystallize
during long-term storage, eventually resulting in impaired
dissolution profiles. Temperature and humidity during
storage have been reported to influence the stability of the
amorphous forms of drugs. In the present study, storage
conditions at ambient temperature and RH (40°C/75%
RH) were adopted. SDs were stored for up to 6 months
and were subjected to dissolution and drug content testing
thereafter. The results of the stability test are shown in
Table 1, demonstrating that the content of TSIIA remained
constant during the test period. The dissolution (45 min) of
TSIIA from SDs after 6 months was similar to those of SDs
at day 0. These results indicate that the amorphous state of
TSIIA in SDs remained nearly unchanged for 6 months.
They also clearly demonstrate that n-HAp exhibited good
physical stability when used for TSIIA SD formulation.

n-HAp is considered to be one of the most biocompatible
and bioactive materials and has been widely accepted in
medicine and dentistry in recent years.***! This product
consists of primary particles of approximately 60 nm in
size, resulting in a relatively large surface area and enabling
the production of powders on which TSIIA may be
highly dispersed and/or adsorbed. The improved stability
of SDs may be attributed to the adsorption of TSIIA
onto the n-HAp surface, and by the interaction between
TSIIA and its carrier particles,* as evidenced by their
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Figure 5: Spectrums obtained using infrared spectroscopy. Tanshinone
IIA (a), n-nano-hydroxyapatite (b), 1:8 (w/w) physical materials (c), and
1:8 (w/w) solid dispersions (d)

Table 1: Stability test of the Tanshinone IIA solid
dispersions (n=6, x+s)

Samples 0 months 6 months
Drug (45 min) Drug (45 min)
content/  dissolution content/ dissolution
% rate/% % rate/%
1:8SDs  11.03+0.12 95.62+0.86 10.87+0.26 93.85+0.73

SDs: Solid dispersions

FTIR spectra [Figure 5]. As reported by Yang e a/*) the
interactions between drug and carrier particles increase
the energy barrier for nucleation and the initial event of
recrystallization, consequently enhancing physical stability.

CONCLUSIONS

In this study, SDs consisting of TSIIA and n-HAp were
successfully prepared to use a spray-drying method. The drug
dissolution behavior of TSITA was dramatically improved in
the SD formulation. The accelerated stability experiments
confirmed that drug stabilization was achieved for SDs with
n-HAp as a dispersing carrier. This stabilization was due to
the interactions between TSIIA and its carrier particles, as
well as its adsorption on the surface of n-HAp. Thus, SD
preparations with n-HAp may be a promising approach for
enhancing both the dissolution and stability of TSIIA.
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