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ABSTRACT
Advancement in the discovery of drugs has led to many highly lipophilic compounds with very low water solubility. Amorphous solid
dispersion is one of the emerging technologies to increase the solubility of these drugs. The stability of these systems is critical since the high
energy system tends to recrystallize, which negates the benefits of these systems. In this paper, we are evaluating the use o f colloidal silicon
dioxide as a potential stabilizer to stabilize the amorphous solid dispersions. Two types of colloidal silicon dioxide are used: porous colloidal
silicon dioxide -Syloid 244 Fp and nonporous fumed silica – Aerosil 200. These silicon dioxides have a high surface area. Two methods of
incorporation are used to incorporate silicon dioxide into the solid dispersion. The spray drying method is used to make amorphous solid
dispersion. It was found that porous silicon dioxide is better to increase stability as well as increasing dissolution rate and % release of the
drug. The addition of silicon dioxide internally to the dispersion increases the dissolution rate, and the addition of silicon dioxide externally
increases the stability of the solid dispersion.
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INTRODUCTION
Solid dispersion is widely used in this decade to increase the
solubility of poorly water-soluble BCS Class II drugs 1-3.
These drugs have high permeability and thus the only
barrier to increase bioavailability is the solubility of the
drugs. As per the Noyes- Whitney equation, if we increase
the solubility of the drug it will lead to increased absorption
of the drugs4. In solid dispersion, the crystalline drug is
converted into amorphous form thus increasing the
solubility of the drug. Typically, solid dispersion consists of a
hydrophilic drug and a hydrophobic polymer.
The crystalline form of the drug is thermodynamically
stable. As we convert the drug in an amorphous state, it has
very high energy and high mobility and thus
thermodynamically less stable. Therefore, solid dispersions
tend to recrystallize, this affects the drug solubility and
dissolution profile of the drug5. The hydrophilic polymer
also helps in increasing the stability of the amorphous drug
to a certain extent.
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Several methods are available for preparation of solid
dispersions like hot melt extrusion (HME)6, fusion method7,
supercritical fluid precipitation8, mechanical milling9, freeze
drying10, and spray drying11. Out of these methods, HME and
spray drying are widely used due to scalability aspects.
However, HME involves use of high temperature and hence
not suitable for low melting point drugs. In this research, we
have used spray drying to prepare solid dispersion.
The addition of stabilizers in the solid dispersion can lead to
a reduction in the energy and increase the stability of the
SD12, 13. Many excipients have been used in literature as a
stabilizer. In this research, we have used colloidal silicon
dioxide as the stabilizer for the SD. Two different types of
colloidal silicon dioxide are used: porous silica – Syliod 244
Fp and nonporous fumed silica Aerosil. Two different
methods are used to incorporate this silica into solid
dispersion.
In the first method, a stabilizer is added to the organic
solution of the drug and polymer and subsequently spraydried and stored. In the second method, the stabilizer is
mixed with the prepared solid dispersion physically and
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then stored. The addition of colloidal silicon dioxide also
increases the powder flow and thus making the handling of
solid dispersion easy in downstream processing.
In this paper, Fenofibrate (FENO) is used as a model drug to
study the effect of incorporating colloidal silicon dioxide in
the solid dispersion. Fenofibrate has very low water
solubility and high permeability. The tg of the FENO is 21.30C. This model drug was chosen as it tends to
spontaneous recrystallization.

Stability Studies
All the spray-dried dispersion was subjected to 400C and
75% relative humidity (RH). Samples were pulled after 2, 4,
and 6 weeks. After removal, the samples were thoroughly
dried in silica gel (0% RH) desiccators for 48 hours. The
samples were then stored in a tightly sealed container in 0%
RH desiccators for further analysis.

RESULTS AND DISCUSSION

MATERIALS AND METHODS

Solid dispersion

Materials

Solid dispersion was prepared using a spray drying
technique. The dispersion was prepared using a 1:5 Drug to
polymer ratio. The silicon dioxide was added to the
dispersion in two different ways. The colloidal silicon
dioxide was added to the solution of drug and polymer and
spray dried using the same parameter as the one without
colloidal silicon dioxide. This solid dispersion is named as an
internal solid dispersion. Another way of adding solid
dispersion with colloidal silicon dioxide is by physically
mixing the silicon dioxide to the solid dispersion. These solid
dispersions are named as an external solid dispersion. Table
1 gives the list of the solid dispersion prepared.

Feno was obtained from Sigma Aldrich. HPMC E5 (Methocel
E5 LV) was procured from Dow chemicals. Syloid 244FP was
procured from Grace and Aerosil was obtained from Evonik.
The reagent like ethanol 190 proof was obtained from Sigma
Aldrich.
Preparation of solid dispersion.
Solid dispersion was prepared by using Buchi Mini spray
dryer B-290 (Buchi Laboretchnik AG, Flawil, Switzerland)
connected to inert loop B-295. The drug was dissolved in
water, and the polymer was dissolved in water. Both the
solution was mixed to result in ethanol and water
hydroalcoholic mixture (70:30). Silicon dioxide was
dispersed in the formed solution. The feed concentration of
3.2% was used for spraying at a rate of 15ml/min at 120C
inlet temperature. The spray-dried dispersion obtained was
then stored in a tightly closed vial at room temperature in
desiccators.
Characterization of Solid Dispersions:
Modulated Differential Scanning Calorimetry
Modulated differential scanning calorimetry was performed
using Q200 (TA Instruments, USA) equipped with a cooling
system. Nitrogen was used as a purge gas with a flow rate of
50ml/min. 3-5 mg of sample was weighed into pinhole
aluminum cell and hermetically sealed. Samples were
heated up from 20-150⁰C at the heating rate of 5⁰ C/ min
with modulation of 1.59⁰C every 60 seconds.
The Heat-cool-heat cycle was used to analyze the physical
mixtures. A single heat cycle was used for heating of the
spray-dried solid dispersion samples.
Fourier Transform Infrared Spectroscopy.
The MAGNA-IR-60 Spectrophotometer (Nicolet Instrument
Corp, Madison WI) was used to obtain Fourier Transformed
Infrared spectroscopy (FTIR). The small quantity of all
samples was triturated with pure potassium Bromide (KBr)
and compressed to for the thin semitransparent film. The
film was scanned for 400 to 4000 cm-1 wavenumbers. A
total of 64 scans were collected for each sample.
Dissolution Testing
Dissolution testing was carried using UPS Apparatus II. The
deionized water (DI) and DI water with 1% SLS were used as
testing media. The dispersion equivalent to 25 mg of FENO
was weighed and added to the 1000 ml media. The media
was maintained at 37 0C with a paddle speed of 75 RPM. The
5 ml of sample is withdrawn after 5, 10, 15, 30, 45, 60
minutes of dissolution. Each sample is filtered using a 0.45
µm PTFE syringe filter and analyzed using a UV
spectrophotometer at 288 nm wavelength.
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Table 1: Solid dispersion composition
Solid
dispersion
SD1
ISD 1
ISD 2
ISD 3
ISD 4
ESD 1
ESD 2
ESD 3
ESD 4

Composition

Ratio

FENO:Methocel E5
FENO:Methocel E5:Syloid 244FP
FENO:Methocel E5:Syloid 244FP
FENO:Methocel E5:Aerosil 200
FENO:Methocel E5:Aerosil 200
FENO:Methocel E5:Syloid 244FP
FENO:Methocel E5:Syloid 244FP
FENO:Methocel E5:Aerosil 200
FENO:Methocel E5:Aerosil 200

1:5
1:5:1
1:5:2
1:5:1
1:5:2
1:5:1
1:5:2
1:5:1
1:5:2

Dissolution
The dissolution of Feno and its dispersion was carried out in
deionized water and deionized water with 1% SLS. The
fenofibrate has very low water solubility and hence FENO
and its physical mixtures do not release in water. The
samples
were
analyzed
using
an
ultraviolet
spectrophotometer. This analysis technique does not detect
the concentration below. The limit of quantification of this
spectrophotometer was 2 µg/ml. The solubility of the Feno
in 1% SLS is 337 µg/ml. Hence, DI water represents the
nonsink condition, and 1% SLS represents the sink
condition. As per literature, FENO dispersion dissolution in
nonsink media correlates better with in vivo absorption
profile 14.
The release profile of all the internal solid dispersion and
external solid dispersion in distilled water and the presence
of 1% SLS is shown in Figures 1 and 2 respectively. The pure
fenofibrate is insoluble in water and it can also be seen from
figure 1. From the release profile, it is evident that the
addition of colloidal silicon dioxide internally increases the
rate of dissolution and it is concentration-dependent. The
addition of colloidal silicon dioxide externally also enhances
the dissolution rate. However, if colloidal silicon dioxide is
added internally more pronounced effect is produced. The
syloid 244FP shows faster release as compared to Aerosil
when used internally as well as externally. The release
profiles are similar in both the media used.
CODEN (USA): JDDTAO
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Figure 1: Dissolution of Fenofibrate, SD 1, SDI 1, SDI 2 SDI 3, SDI 3, ESD1, ESD2, ESD3, and ESD4 in DI water.

Figure 2: Dissolution of Fenofibrate, SD 1, SDI 1, SDI 2 SDI 3, SDI 3, ESD1, ESD2, ESD3, and ESD4 in DI water.
Modulated Differential Scanning Calorimetry
FENO is a crystalline drug converted into an amorphous
state in solid dispersion. The amorphous state of the drug
has high energy and therefore, it tends to convert into a
stable crystalline form. The use of the polymers increases the
stability of the amorphous solid dispersions. Figure 3 shows
the DSC thermograms of the solid dispersions. All the
dispersions have the absence of crystalline FENO peak,
indicating the amorphous nature of the dispersions. Figure 4
shows the thermograms of stability samples. All the
ISSN: 2250-1177
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dispersions show the recrystallization of the FENO. In this
study, the stability samples were stored at 40C and 75%
humidity in the open vials. The open vials allow the humidity
exchange. The water acts as the media and increases the
mobility of the molecule resulting in the recrystallization.
The polymer and the stabilizer are used to inhibit the
recrystallization. Hence, it will increase the stability of the
amorphous solid dispersion when stored in appropriate
packaging with desiccants. The percent crystallinity of the
CODEN (USA): JDDTAO
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solid dispersions and its stability samples are calculated with
the help of Eq1 15, 16.
------ Eq 1
Where, A= area under the melting endotherm, Wt= amount
of FENO in the solid dispersion and H= heat of fusion of pure
crystalline FENO.
The DSC thermograms of the pure FENO and its dispersions
are shown in figure 3. The thermograms of the stability
sample of solid dispersion SD 1 is shown in figure 4. The
thermograms of the internal and external solid dispersion
and its stability samples are given in figure 5 and 6
respectively. It is seen in thermograms that on stability there
is recrystallization of the FENO. Figure 7 shows the percent
crystallinity of all the stability samples. It is seen that Solid

dispersion is stable for 2 weeks and after 2 weeks it showed
approximately 40% of crystallinity at 4 weeks. The addition
of stabilizers increases stability and it increases as the
amount of stabilizer is increased. The method of addition
also has an impact on the stability of the dispersion. When
Syloid 244 Fp is used as a stabilizer, the addition of stabilizer
externally shows the lower crystallinity i.e. increased
stability. Whereas for Aerosil no significant difference is seen
in internal and external solid dispersion. This is attributed to
the nonporous nature of the Aerosil. The Syloid 244FP has
the porous nature and hence it is more effective to increase
the release rate and when added externally it creates
physical separation which avoids two molecules of FENO to
come together to recrystallize.

A

B
Figure 3: A: DSC thermograms of the pure FENO and syloid 244 FP solid dispersions, B: DSC DSC thermograms of the pure
FENO and Aerosil solid dispersions
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Figure 4: DSC thermograms of the soldi dispersion SD 1 and its stability samples

B

A

D

C

Figure 5: DSC thermograms of the internal solid dispersion and its dispersions
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B

A

D

C

Figure 6: DSC thermograms of the External solid dispersion and its dispersions
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Figure 7: % crystallinity of solid dispersions
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Fourier Transformed Infrared Spectroscopy
FTIR was performed to determine Drug-polymer
interactions. The interactions can be in the form of hydrogen
bonding or van der Waal attraction forces. It helps stabilize
the system17.
Crystalline fenofibrate has four functional groups which can
act as a hydrogen acceptor, two hydroxyl groups (OH group),
and two oxygen atoms of the carbonyl group (C=O) but it
lacks a proton donor. It is being reported that hydrogen
bonds formed between drugs and polymers help to stabilize
the amorphous system.
Figure 8 shows the FTIR spectra of Syloid 244FP solid
dispersion initial and at 6 weeks. Figure 9 shows the FTIR
spectra of Aerosil solid dispersion initial and at 6 week.
Fenofibrate in crystalline form shows two peaks of carbonyl
carbon stretching at 1729 cm-1 and 1652 cm-1. The less
resolved and broader band peaks shapes in FTIR spectra
indicate the presence of amorphous fenofibrate18. Shifting of
peaks in IR spectra determines the strength of hydrogen
bonds.
IR spectra of pure FENO are shown in figure 8. It shows
peaks at 1729 cm-1 and at 1652 cm-1. All solid dispersions
show the shifting of peaks from 1729 cm-1 and at 1652 cm1. Solid dispersion without stabilizer (SD 4) shows a peak at
1733 cm-1 and 1657 cm-1. Solid dispersion with syloid as a
stabilizer (SDI 1 and SDI 2) shows a peak at 1734 cm-1 and
1657 cm-1, 1736 cm-1, and at 1657 cm-1 respectively.
Whereas solid dispersion with aerosil as stabilizer shows a

peak at 1731 cm-1 and 1656 cm-1, 1736 cm-1, and at 1656
cm-1 respectively. The shift of peaks toward higher
wavelengths in solid dispersion with stabilizer indicates the
formation of stronger hydrogen bonds as compared to solid
dispersion without stabilizers.
On stability, the SD 1 shows peaks similar to pure
fenofibrate indicating the conversion of amorphous FENO to
the crystalline state. IR spectra of 6-week samples for SDI 1
and SDI 2 show the peak of carbonyl stretching at 1733 cm-1
and 1653 cm-1, 1736 cm-1, and at 1653 cm-1 respectively.
Whereas for IR spectra for 6-week samples of solid
dispersion SDI 3 and SDI 4 shows peaks at 1730 cm-1 and
1652 cm-1 , 1735 cm-1, and at 1654 cm-1 respectively. This
indicates that solid dispersion with both stabilizers helps to
stabilize amorphous solid dispersion as it shows no spectral
shift on storage, indicating no conversion of amorphous
form into crystalline fenofibrate.
IR spectra of external solid dispersion, all of them show less
shift as compared to SD 1. This data supports the fact that SD
1 shows higher crystallinity as compared to solid dispersion
with stabilizers. In some cases, it is demonstrated that drugpolymer interactions are important to stabilize solid
dispersion. Some researchers argued that the antiplasticizing effect of polymer plays an important role in
stabilizing amorphous solid dispersion. From the results, it
can be said that the type of stabilizer as well as the amount
of stabilizer affects the amorphous characteristic of solid
dispersions.

Figure 8: FTIR Spectra of Syloid 244 Fp solid dispersion A: Initial and B: 6 week stability sample
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Figure 9: FTIR Spectra of Aerosil solid dispersion A: Initial and B: 6 week stability sample

CONCLUSION:
This study was performed to evaluate the colloidal silicon
dioxide as a stabilizer for FENO solid dispersions. Two
different grades of colloidal silica were studied, SYLOID
244FP-porous and Aerosil 200-nonporous. It was concluded
that both the porous and nonporous colloidal silicon dioxide
enhances the release rate of solid dispersions. It was
concentration dependent. The porous colloidal silicon
dioxide shows better results as compared to nonporous
colloidal silicon dioxide. The dispersion was subjected to
elevated temperature and humidity. As expected, FENO
recrystallizes out and colloidal silicon dioxide enhances the
stability by hindering the conversion of FENO from
amorphous form to the crystalline state. The porous
colloidal silicon dioxide is seen to have better stability as
compared to nonporous colloidal silicon dioxide. The
internal colloidal silicon dioxide enhances the dissolution
rate and release, but external colloidal silicon dioxide
improves the stability. It is concluded that colloidal silicon
dioxide ineffective to enhance dissolution rate and stability.
ISSN: 2250-1177
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The combination of internal colloidal silicon dioxide and
external colloidal silicon dioxide needs to be used to
maximize the benefits.
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