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A B S T R A C T

Mangiferin, a poorly water soluble compound, was processed via a dry amorphisation technique (ball milling) in
combination with mesoporous silica to enhance the solubility of mangiferin.

The amorphous samples were prepared by mixing 1:1 (w/w) Syloid® XDP 3050 silica-mangiferin mixtures
using a planetary mono mill at different milling speeds and milling times according to a 32 full factorial ex-
perimental design. The prepared samples were characterized for dissolution profile, particle size distribution
using laser diffraction particle size analyzer, thermal characteristics using DSC, crystalline characteristics using
XRD and molecular interactions using FTIR and ss-NMR. The samples were tested for stability at stress conditions
(40 °C/75%RH) for up to 6months in open and closed containers. To improve stability of the samples, mixtures
of 1:1:2 mangiferin-polymer (Soluplus or HPMC)-silica samples were also prepared and analyzed.

Amorphisation of mangiferin is possible using dry amorphisation by ball milling with mesoporous silica in a
short amount of time. The amorphisation rate of the samples improved with the energy input of the milling
process. The samples prepared with high energy input resulted in amorphous samples and showed a better
stability at the stress conditions for up to 3months. Solubility of these samples increased from 0.32 to 0.50 mg/
ml and the particle size decreased from 35.5 µm to around 7 µm. The spectral analysis suggest presence of
interactions between the silica material and the compound. The amorphous stability was improved with addition
of polymer, even though the solubility of the samples was lower.

1. Introduction

Due to patient convenience and compliance the preferred drug de-
livery route is oral administration [1]. The active pharmaceutical in-
gredients (API) have to possess a high bioavailability to achieve the
desired therapeutic effect. The biopharmaceutical classification system
divides the API’s in four different groups according to their perme-
ability and water-solubility. Class II (poor solubility, high permeability)
and Class IV (poor solubility and poor permeability) compounds de-
monstrate a low bioavailability, which can be improved by solubility
enhancement methods, such as salt formation [2,3], solid dispersions
[4,5], micronisation [6] and encapsulation in cyclodextrins [7–9].

Nowadays, methods that improve the solubility of APIs by con-
verting the crystalline form into its amorphous form are of high interest.
Mostly amorphous polymer-based solid dispersions are used to achieve
a good stability of the amorphous form while maintaining the solubility
enhancement properties [10].

Mesoporous silica materials (MPS) gained the attention due their
tunable porosity, high surface area, inertness and good biocompat-
ibility, which makes them suitable for drug delivery. Silica based drug
carrier materials are more resistant to heat, pH, mechanical stress and
hydrolysis-induced degradation than many polymer materials which
makes them a good alternative for traditional solid dispersions.[11]
These silica materials are characterized by their pore size, which varies
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between 2 and 50 nm and are randomly oriented.[12] MPS is suitable
for solubility enhancement of poorly water-soluble compounds by en-
trapping the drugs in an amorphous form and by preventing re-
crystallization due to the small pore size and the interaction between
the silanol groups and the drug substance [13]. The high surface area
and hydrophilicity of MPS enhances the wettability which results in
faster dissolution. Improvement of the stability of the amorphous form
is achieved by the reduction of the Gibbs free energy due to the high
surface energy of MPS [11]. In addition, the chance for nucleation and
crystal growth is reduced by the constrained space [14]. Drug loading
capacity of these materials are high, even up to 60% [15]. As solvent-
free method, the co-milling method is a low cost and easy method for
large–scale processing. Various technologies such as planetary [16],
oscillatory ball mill [17] or turbula mill can be used to load drugs into
the pores. The degree of amorphisation and the extent of drug loading is
influenced by several parameters, such as the time and intensity of
milling, or the silanol content of MPS. Several studies were performed
for co-milling of API with mesoporous silica to improve the dissolution
properties of the API, but in these cases the processing time was a
couple of hours or even days [18–20]. Reduction of processing time still
remains an important challenge to make this technology more attain-
able for industrial application.

The compound used in this study is a promising therapeutic poly-
phenol, namely mangiferin. It possesses several health improving
properties, such as antiviral, anti-inflammatory, antidiabetic, analgesic,
immunomodulatory and anticancer properties [21,22]. However, all
these activities are hindered when the compound is administered orally
due to its poor solubility, low bioavailability, and high hepatic first-pass
metabolism [23,24]. Therefore, there is high need to develop a for-
mulation that increases the solubility and bioavailability of mangiferin.
Due to its poor solubility, not only in water, but in organic solvents as
well, the applied technology to formulate this compound was dry
amorphisation using mesoporous silica.

Molecular interactions between the compound and the silica mate-
rial were evaluated as well as the amorphisation and the solubility
enhancement potential of the method. Stability of the formulations at
accelerated stability conditions was monitored for up to 6months. In
addition, amorphisation and stability of a ternary system including a
hydrophilic polymer was evaluated.

2. Materials and methods

2.1. Materials

Mangiferin (MNG) (Fig. 1) was purchased from Shaanxi Sciphar Hi-
Tech Industry (China). Syloid® XDP 3050 silica was kindly provided by
Grace (Worms, Germany). The polymers, hydroxypropyl-methylcellu-
lose (HPMC) and polyvinyl caprolactam-polyvinyl acetate-polyethylene
glycol graft copolymer (Soluplus®) were purchased from Alfa Aesar
(Kandel, Germany) and BASF (Ludwigshafen, Germany), respectively.
The reagents for HPLC, acetonitrile and methanol, both HPLC grade,
were purchased from Chem-Lab (Zedelgem, Belgium). Potassium
phosphate monobasic was bought from Acros Organics (Geel, Belgium).
Disodium hydrogen phosphate dehydrate and sodium dihydrogen
phosphate dehydrate extra pure were purchased from Merck (Darm-
stadt, Germany) and sodium chloride from Carl Roth (Karlsruhe, Ger-
many).

2.2. Methods

2.2.1. Preparation of samples
Amorphous mangiferin samples were prepared using a Pulverisette

6 planetary mono mill (Fritsch, Oberstein, Germany). MNG and Syloid®
XDP 3050 silica were mixed in a 1:1 wt ratio (total mass of 8 g) to
achieve a high drug loading and the mixture was placed in a 250mL
zirconium dioxide vessel with 50 zirconium dioxide balls of 10mm
diameter. The milling speed was varied between 400 and 600 rpm,
while the milling time was 1 to 20min according to the 32 full factorial
experimental design seen on Fig. 2. All samples were prepared once, the
center point of the design (sample E) was prepared in triplicate. The
resulting mass was passed through a 25 mesh sieve (opening 710 µm)
and stored in a plastic container protected from light until further use.

Mangiferin, polymer (HPMC or Soluplus®) and Syloid® XDP 3050
silica were mixed in a 1:1:2 wt ratio and the mixture was processed
according to a fractional design with the settings of the outer points and
the middle point of the experimental design of the silica-mangiferin
mixture (400 rpm/1 min, 500 rpm/10min and 600 rpm/20min) to
evaluate the stability improvement after polymer addition to the API-
silica mixture. The processing parameters and sample compositions are
listed in Table 1.

An accelerated stability study at 40 °C/75% RH was performed on
all samples according to the ICH guidelines [25]. Samples were tested
for drug release and thermal characteristics at following time points: 0,
1, 3 and 6months.

2.2.2. Particle size analysis
The particle size distributions of the formulated products were

analysed using an integrated light-scattering instrument, Mastersizer
3000 (Malvern, United Kingdom) using the dry dispersion method with
air pressure of 2 bar and 50% feeding rate.

2.2.3. Differential scanning calorimetry
The thermal properties of the powder samples were determined

using a Discovery DSC25 equipment from TA Instrument (New Castle,
DE, USA). Sample powders (5–10mg) were analyzed in Tzero alu-
minum pans under 50mL/min nitrogen gas purge in modulated tem-
perature mode. The enthalpy and temperature was calibrated using an
indium standard and the heat capacity was calibrated using a sapphire
standard. All samples were heated from -40 to 320 °C at a 10 °C/min
heating rate with a modulation of 1.6 °C/min. Determination and
quantification of the melting peak was performed using the TA
Instruments TRIOS software.

2.2.4. In vitro release study
The pharmaceutical performance of API as such, API/silica and API/

silica/polymer formulations were evaluated using in vitro release stu-
dies. The dissolution profiles over a period of 1 h were measured using a
modified USP apparatus 2, with 0.5 mg/ml total mangiferin con-
centration (200mg formulation) in 100/200mL of phosphate buffer
with a pH of 6.8 ± 0.1, as dissolution medium at 37 ± 1 °C. 1mL
samples were withdrawn and immediately replaced with 1mL phos-
phate buffer at 2, 5, 10, 15, 30, 45 and 60min. The taken samples were
centrifuged for 5min at 5000 rpm to separate the supernatant from the
undissolved particles. The samples were analyzed by means of HPLC.
The experiments were conducted in triplicate. The dissolution profiles
of all samples of the experimental design were compared to the dis-
solution profile of crystalline mangiferin using the difference factor (f1)
and the similarity factor (f2) [26]. Generally if two curves have f1 value
below 15 and f2 value above 50 they are considered equivalent.

2.2.5. High-pressure liquid chromatography
The API content of the dissolution samples was analyzed by HPLC-

UV. The HPLC system consisted of a pump (Shimadzu LC-20AT), DAD
detector (Shimadzu SPD-M20A), degasser (DGU-20A5), auto-samplerFig. 1. Mangiferin.
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(Shimadzu SIL-20A) and column (GraceSmart® RP18 Column
150× 4.6mm 5u 120A). The total flow rate was set at 1.0 mL/min and
the mobile phase consisted of acetonitrile (ACN)/0.01M KH2PO4 in
isocratic mode with 15% ACN and 85% 0.01M KH2PO4. The injection
volume was 20 μL, and detection was performed at 254 nm. The in-
tegration of the peak area was performed using LC Postrun Analysis
(Shimadzu), and the concentration was calculated with reference to an
external calibration curve.

2.2.6. Fourier-transformation infrared spectroscopy (FTIR)
FTIR spectra of the samples were obtained using ATR-FTIR Nicolet

IS5 spectrophotometer (Thermofisher, Waltham, USA). The spectra
were recorded in the 4000–500 cm−1 region with a resolution of
4 cm−1 on ATR-diamond crystal. Each sample was measured in tripli-
cate.

2.2.7. X-ray powder diffraction (XRPD)
XRPD was performed using a Siemens D5000 diffractometer

(Bruker, Karlsruhe, Germany) with Cu Kα radiation (0.154 nm). An
acceleration voltage of 40 kV was used. Samples were scanned between
5° and 60° 2θ with a step size of 0.02° and a step time of 1 sec/step.

2.2.8. High resolution solid-state NMR
Carbon-13 solid-state cross-polarization magic angle spinning (CP/

MAS) NMR spectra were acquired on an Agilent VNMRS DirectDrive
400MHz spectrometer (9.4T wide bore magnet) equipped with a T3HX
3.2 mm probe. Magic angle spinning was performed at 16 kHz with
ceramic rotors of 3.2mm in diameter (34 μL rotors). The aromatic
signal of hexamethylbenzene was used to determine the Hartmann-
Hahn condition (ω1H= γH B1H= γC B1C=ω1C) for cross-polarization,
and to calibrate the carbon chemical shift scale (132.1 ppm).

Fig. 2. Design of experiments for silica-mangiferin mixtures.

Table 1
Prepared samples for the ternary systems.

SAMPLE NAME MILLING TIME (MIN) MILLING SPEED (RPM) POLYMER

Sample 1 1 400 Soluplus
Sample 2 10 500 Soluplus
Sample 3 20 600 Soluplus
Sample 4 1 400 HPMC
Sample 5 10 500 HPMC
Sample 6 20 600 HPMC

(D)

(C)

(B)

(A)

Fig. 3. DSC thermograms of (A) pure mangiferin; (B) Sample G (400 rpm,
1min); (C) Sample E (500 rpm, 10min) and (D) Sample C (600 rpm, 20min).
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Fig. 4. The XRD patterns of crystalline mangiferin (A, orange), Syloid® XDP 3050 (A, purple); Physical mixture of Syloid® XDP 3050 and mangiferin (B, blue), and
ball milled samples: the low energy milled sample (B, red), the middle point sample (B, green) and the high energy milled sample (B, purple). (For interpretation of
the references to colour in this figure legend, the reader is referred to the web version of this article).
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Acquisition parameters used were the following: a spectral width of
50 kHz, a 90° pulse length of 2.5 μs, a spin-lock field for CP of 75 kHz, a
contact time for CP of 2ms, an acquisition time of 25ms and a recycle
delay time of 5 s. High power proton dipolar decoupling during the
acquisition time was set to 100 kHz.

Fig. 5. SEM pictures of ball milled mangiferin-silica formulations: (A) Sample G (400 rpm, 1min); (B) Sample E (500 rpm, 10min); (C) Sample C (600 rpm, 20min).

Fig. 6. SEM picture and EDX mapping of ball milled mangiferin-silica formulations: Sample G (400 rpm, 1min) - left; Sample C (600 rpm, 20min) - right.

Fig. 7. ss-NMR spectra of crystalline mangiferin, physically mixed mangiferin with silica and ball milled mangiferin-silica formulations; Sample G (400 rpm, 1min),
Sample E (500 rpm, 10min) and Sample C (600 rpm, 20min).

Fig. 8. FTIR spectra of (A) mangiferin, (B) mesoporous silica, (C) physical
mixture of mangiferin-silica, ball milled mangiferin-silica formulations: (D)
Sample G (400 rpm, 1min); (E) Sample E (500 rpm, 10min) and (F) Sample C
(600 rpm, 20min).

Table 2
Difference factors and Similarity factors of the dissolution profiles of ball milled
mangiferin-silica samples.

SAMPLE NAME f1 value (%) f2 value (%)

Sample A 66.8 24.9
Sample B 67.1 24.6
Sample C 93.2 17.7
Sample D 60.1 27.2
Sample E 68.5 24.4
Sample F 62.0 26.2
Sample G 14.9 51.9
Sample H 10.2 57.7
Sample I 7.7 69.7
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2.2.9. Scanning electron microscope (SEM)
SEM measurements were performed using a Jeol JSM 6380 (Jeol,

Japan) on gold/palladium sputtered samples in order to analyze the
morphology. Energy-dispersive X-ray analysis was performed with the
use of Quantax set (Bruker, USA) to determine the element composition
of the samples. By scanning the electron beam across the sample surface
and detecting the emitted x-rays from each pixel, the elemental dis-
tribution can be point located and related to the SEM image [27].

3. Results and discussion

3.1. Syloid® XDP 3050 silica-mangiferin formulations

3.1.1. Solid state properties of formulations
Mangiferin was in its crystalline state before processing as it is

shown on the DSC thermogram by an endothermic peak around 275 °C
(Fig. 3). Amorphisation of mangiferin was achieved after 20min of
processing in the planetary mono mill with a milling speed of 600 rpm.
The processing time was significantly shorter than that of already re-
ported co-milling experiments ranging from 3 h to 12 h. [16,28–30].
While ball milling of API’s as such can decrease the particle size and
affect the specific surface area and particle shape [31], it also can lead
to amorphisation of the compound [32]. The conversion into crystalline

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

A B C D E F G H I M

M
el

tin
g 

en
th

al
py

 (J
/g

) 

Initial 1 months open 1 month closed 3 months open
3 months closed 6 months open 6 months closed

Fig. 9. The melting enthalpies of (M) mangiferin and binary samples stored at
accelerated storage conditions up to 6months.

Fig. 10. Dissolution profiles of (A) Sample C, (600 rpm, 20min) (B) Sample E (500 rpm, 10min) and (C) Sample G (400 rpm, 1min) compared to the dissolution
profile of mangiferin followed in stability evaluation.
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Fig. 11. The melting enthalpies of (M) mangiferin and ternary samples stored at
accelerated storage conditions during 3months.
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form usually happens spontaneously after processing as a result of
thermodynamic instability of disordered systems. Stability of the
amorphous form can be increased by using binary systems with hy-
drophilic excipients, like polymers. The properties of the used excipient
strongly affect the performance and the quality of the drug formulation,
therefore appropriate drug-carrier combination selection is needed.
Using mesoporous silica in combination with certain compounds can
shorten the processing time for amorphisation by intermolecular in-
teraction due to the surface hydroxyl groups. The amorphous nature of
mangiferin in ball milled silica formulation with high energy processing
(Sample C) was confirmed by the absence of the endothermic melting
peak. The middle point samples (Sample E) showed almost complete
amorphisation with melting point temperature reduction of the re-
maining crystalline fraction. In case of low energy processing (Sample
G) the endothermic peak was reduced, but complete amorphisation was
not achieved. The reduction of peak enthalpy and temperature is due to
the immobilization by strong chemical interactions between mangiferin
and silica material [33]. Due to the silanol groups present on the surface
of the silica material and the hydroxyl groups present in mangiferin,
formation of hydrogen bonds are likely.

The X-ray diffractograms of the crystalline mangiferin and the
Syloid® XDP 3050 are given in Fig. 4A. The crystalline diffraction
pattern shows characteristic peaks for mangiferin, while the diffracto-
gram of the silica material suggests an amorphous structure. On Fig. 4B
the X-ray diffractograms of the physical mixture, the middle and the
two outer points of the design are presented. For the physical mixture
and the low energy milled sample (Sample G) the characteristic peaks
of the mangiferin are still present, while in case of the high energy
milled sample (Sample C) the diffraction pattern shows a halo, sug-
gesting the presence of amorphous material. In case of the middle point
sample (Sample E) peaks are still present in the halo shown on the

diffractogram, corresponding to the partial amorphisation. These re-
sults confirm the results of the DSC analysis.

Physical mixture samples had an average particle size of 35.5 µm
before processing. The high energy milling process resulted in particles
with a particle size around 7 µm, while low energy processing did not
affect the particles size. In case of the low energy milled samples por-
osity did not change significantly, the silica structure stayed stable and
the particles were only partially filled with mangiferin. With high en-
ergy milling complete filling of the pores was achieved. The porosity
and the pore volume of the samples change as well, as due to the milling
process the pores collapsed. This hypothesis regarding the porosity
changes was verified and confirmed using N2 physisorption measure-
ments (data not shown).

The SEM pictures (Fig. 5) confirmed the reduction of particle size at
higher milling time and rotation speed. It is also clear that in case of low
energy milling, the mangiferin crystals are still present, while at high
energy milling, complete dispersion of mangiferin in the pores of silica
is achieved (Fig. 6). While in case of the low energy milling the man-
giferin crystals (1yellow) are still numerously present next to the silica
particles (blue), in case of the high energy milling only the silica par-
ticles (blue) are visualized.

3.1.2. Molecular interaction between silica and mangiferin
To understand the interaction between mangiferin and mesoporous

silica 13C solid-state NMR and Fourier transformation infrared spec-
troscopy were performed. NMR spectra are shown in Fig. 7. The dif-
ference in the chemical shifts (peak position) of the NMR peaks between

Fig. 12. Dissolution profiles of samples with HPMC compared with that of pure mangiferin: (A) Sample 4 (400 rpm , 1min); (B) Sample 5 (500 rpm, 10min); (C)
Sample 6 (600 rpm, 20min).

1 For interpretation of color in Fig. 6, the reader is referred to the web version
of this article.
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crystalline and amorphous state was not significant. Broadening of the
peaks was more remarkable in case of the sample prepared by high
energy milling. The broadening of the peaks can be explained by the
amorphisation of mangiferin, which enables a broader distribution of
molecular orientation [13]. The peak shapes clearly differ between the
low energy (Sample G) and high energy milling (Sample C). The pre-
sence of sharp peaks in the spectrum of the physical mixture and
Sample G suggest that crystalline mangiferin is present in the system.

The Fourier transformation infrared spectra are shown in Fig. 8. In
the spectrum of the mesoporous silica material, a broad band can be
observed around 1060 cm−1 which corresponds to the asymmetric
stretching of SieOeSi bond. The peak around 800 cm−1 is due to the
symmetric stretching vibration of the SieO bond while the band at
960 cm−1 corresponds to the symmetric SieOH. The spectrum of
crystalline mangiferin shows a broad absorption band around
3373 cm−1 corresponding to the hydroxyl groups, while around
2933 cm−1 the absorption band of the asymmetric CeH stretching can
be observed. The signals of the aromatic nucleus are shown around
1622 cm−1. As the energy of milling increases, major changes occur in
the region 1600–800 cm−1 in case of the ball milled samples. The in-
tensity of the signals of the aromatic conjugated carbonyl groups
(1651 cm−1) together with signals of the aromatic nucleus (1622 cm−1)
alter after the incorporation of mangiferin in the mesoporous silica.
These signals are getting broader with the increasing energy of the
milling. Due to the molecular interaction between mangiferin and the
mesoporous silica, also the absorption band (3373 cm−1) of the hy-
droxyl groups of mangiferin flattens out proportionally with the energy
provided to the samples during milling. This provides another con-
firmation for the formation of hydrogen bonds between the silanol
groups of the mesoporous silica and the hydroxyl groups of mangiferin.

3.1.3. In vitro release study
Crystalline mangiferin showed a dissolved concentration of

0.183mg/ml after 2min and 0.321mg/ml after 60min. Low energy
milling did not improve the dissolution profile of mangiferin, these
samples had a dissolved concentration of 0.104mg/ml after 2min and
0.305mg/ml after 60min. In contrary, the high energy milled samples
(Sample C) had an increased dissolution rate and solubility with
0.405mg/ml concentration after 2min and 0.491mg/ml dissolved
mangiferin after 60min. The difference and similarity factors are pre-
sented in Table 2. All samples processed during at least 10min by ball
milling improved the dissolution profile of mangiferin.

3.1.4. Stability of the formulations
According to the DSC results only one sample was still completely

amorphous after 1month storage, the high energy milled sample
(Sample C) in closed storage conditions. This sample showed signs of
recrystallisation after one month in open conditions. Samples stored in
open container showed a higher rate of recrystallisation than the
samples stored in closed containers. Due to the high humidity condi-
tions in an open container, the amorphous mangiferin molecules, which
are not interacting with the silica material, convert back to the crys-
talline form due to the solubilizing effect of water. The water molecules
go also into competition with the hydroxyl groups of mangiferin to form
hydrogen bonds with the silanol groups. Due to competition, the water
molecules are driving the mangiferin molecules, which are in molecular
interaction with the silica material, out of the pores of mesoporous si-
lica. Outside of the pores the mangiferin molecules can easily re-
crystallize as no more hindering is present. After 3months all samples
showed recrystallisation in open and closed conditions as well. The
enthalpies of the melting peaks of the samples can be seen on Fig. 9.
After 6months storage all sample reached a melting enthalpy around
10 J/g which is around 50% crystalline material, except sample D
which had processing parameters of 400 rpm and 10min milling.

The dissolution profiles were also compared. In case of high energy
milled samples a decrease in total dissolved compound in 60min can be

seen, from 0.505mg/ml it decreased after 6months storage to
0.325mg/ml in open and 0.340mg/ml in closed conditions which can
be explained by the recrystallisation of the compound in the formula-
tion, but the dissolution rate was still significantly higher than that of
crystalline mangiferin, 0.310mg/ml after 2min independent of storage
conditions compared to the 0.183mg/ml of mangiferin. The samples
with low energy milling showed a lower dissolution rate and a lower
total dissolved amount of mangiferin after 6months storage in-
dependent of storage condition than crystalline mangiferin. Dissolution
profiles of high energy milling and low energy milling can be seen on
Fig. 10.

3.2. Syloid®XDP 3050 silica-polymer-mangiferin formulations

Preparation of ternary systems using mesoporous silica-API-polymer
systems can improve amorphisation of the API and also the stability of
the amorphous form in the formulation. A higher amorphisation rate
was confirmed as even at low milling settings a higher amorphisation
rate was achieved (11.5 ± 0.5% crystalline compound content) com-
pared to the binary formulation (30.5 ± 1% crystalline compound
content). These samples remained amorphous during storage, since no
significant changes were observed during stability evaluation in-
dependent of the processing parameters (Fig. 11). Sample 2 was
amorphous even after 3months storage, while sample 3, 5 and 6 had
less than 3.5% crystalline mangiferin in the formulation. Slight de-
crease can be observed in crystallinity for the samples stored in open
container. Interaction between polymers, silica material and API needs
to be further examined to be able to properly understand the reason of
the decrease in crystallinity during storage.

When looking at the dissolution profile these samples had an initial
solubility which was lower than that of the binary systems independent
of the preparation parameters. The samples prepared with Soluplus as
polymer component showed a similar solubility compared to crystalline
mangiferin, even with high energy milling. Low energy milled samples
showed a reduced solubility with only 0.148mg/ml dissolved mangi-
ferin after 60min. In the observed time frame these samples did not
reach steady-state solubility yet. The dissolution profile of these sam-
ples did not change significantly during stability evaluation. In case of
the HPMC samples an improvement of solubility could be observed
with increased milling energy on Fig. 12, the low energy milled sample
(sample 4) had a solubility of 0.226mg/ml, the middle point sample
(sample 5) had a solubility of 0.335mg/ml while the sample with high
energy milling had a solubility of 0.373mg/ml. In these cases the dis-
solution rate was also increased, 0.326mg/ml mangiferin was dissolved
after 2min. After 3months stability evaluation the dissolution profile of
the low energy milled samples did not change, while the high energy
milled samples showed similar dissolution profile as the binary samples
prepared with the same ball mill settings. For the high energy milled
samples solubility was still slightly higher than that of crystalline
mangiferin with 0.344mg/ml in open and closed conditions.

4. Conclusion

The results showed that – depending on the settings during ball
milling – molecular interactions were present between mesoporous si-
lica and mangiferin, resulting in an amorphous system with increased
solubility. This amorphisation was achieved in already 20min, which
was significantly faster than previously reported. In comparison with
other solubility enhancement methods, a high drug loading in the
mesoporous silica was achieved and no organic solvent was needed
during sample preparation. Addition of polymer enhanced the amor-
phisation rate of the samples and improved their stability.
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