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1. INTRODUCTION

One of the most important tasks in pharmaceutical technology is to optimize the drug
release. The hot-melt technology is a method of modifying the bioavailibility. Sekiguchi and
Obi [1] introduced the melting method comprising melting of the drug within the carrier,
followed by cooling and pulverization of the product. They used urea as a highly
water-soluble carrier to enhance the rate of dissolution of sulphathiazole. Since then, many
other carriers have been applied in melt technology to modify the release of different drugs.
At first, crystalline materials were used, such as urea and sugars, which form crystalline solid
dispersions. Later, carriers with an amorphous region were used in melt technology, e.g.
polyethylene glycols (PEGs) or polyvinyl pyrrolidone (PVP). With these polymers, it is
possible to form an amorphous solid dispersion, where the drugs are molecularly dispersed in
the carrier, and the drug release from the product is accelerated. Recently, there has been great
interest in the surface-active carriers, such as inulin or Gelucire®. With these surfactants, the
highest degree of bioavailability can be achieved for poorly-soluble drugs [2].

For the substances utilized in melt technology, investigation of their thermal behaviour
1s necessary. There are many methods with which to study the thermal properties of materials,
e.g. standard and modulated differential scanning calorimetry (DSC and MTDSC),
thermogravimetry (TG) or hot-stage microscopy (HSM). If the thermal behaviour of the
materials is known, it can help in the prediction of the changes in substances during various
technological processes. The other important way to characterize the initial materials is
structural investigation. In the characterization of structure, X-ray powder diffraction (XRPD)
is the most common procedure.

Sucrose esters (SEs) are often used in the melt method, but the information available
about these carriers is not sufficient. The aim of authors who used SEs with active agents was
to increase or decrease the dissolution of drugs. To be able to predict the drug release, it is
necessary first to understand the material properties. SEs are promising carriers for the
hot-melt technology, because of their low melting points and their surfactant properties, so it

is useful to evaluate their structural and thermal properties.



2. AIMS

SEs are often applied in hot-melt technology, but the information available on these
carriers is not sufficient and further investigations are needed. Hence, the aim of my PhD
work was to investigate the thermal behaviour and structure of SEs in order to ascertain the

applicability of these carriers in melt technology.

A. The primary objective was to study the structure and the thermal properties of some
commercial SEs (P1670, S1670, S970, S370 and B370), to evaluate and analyse the
time-dependent solid-state changes (crystalline-amorphous phases and polymorphism)
in these SEs, to study their swelling behaviour and to demonstrate differences between
the properties of SEs with various hydrophilic-lipophilic balance (HLB) values.

B.  After the characterization of the SEs, the next purpose of my work was to study the
effects of active agents on the structure and thermal behaviour of SEs. Meloxicam (ME)
and diclofenac sodium (DS) as model drugs and three SEs with different polarities
(P1670, S970 and B370) were chosen for these investigations. Drug-SE products were
prepared by melt technology, and the effects of the SEs and the drug-SE solid-state
interactions on the drug release were examined. The factors affecting the drug release
from the SE-containing products were studied.

C. Finally, conclusions were drawn concerning the applicability of SEs in practical work.

3. LITERATURE

3.1. Compositions of sucrose esters of fatty acids

SEs are non-ionic surface-active agents consisting of sucrose as hydrophilic group and
fatty acids as lipophilic groups. Sucrose contains 8 hydroxy groups, and it is therefore

possible to produce sucrose esters containing from 1 to 8 fatty acid moieties (Fig. 1).
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Fig. 1 Chemical structure of sucrose ester

The most common fatty acids used in SEs are lauric (C12), myristic (C14), palmitic (C16),
stearic (C18), oleic (C18) and behenic acids (C22). By changing the nature or number of the
fatty acid groups, a wide range of HLB values can be obtained (Fig. 2).
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Fig. 2 Relation between the degree of esterification and the HLB value of SEs [3]



3.2. Chemical and physical properties of fatty acid products

For a better understanding of the behaviour of SEs, it is helpful to consider first the
properties of the well-known fatty acid products.

There are various natural and artificial products, which consist of fatty acids and long
have been used in pharmaceutical technology, e.g. the fatty acid esters of glycerol, sorbitan
fatty acid esters, propylene glycol fatty acid esters or polysorbates.

Among the least complex fatty acid products are the esters produced from one
molecule of glycerol and one, two or three fatty acids. Glycerol is a trihydroxy alcohol that
can combine with up to three fatty acids to form monoglycerides, diglycerides and
triglycerides. The hydrocarbon chain can be saturated (e.g. capric, lauric, myristic, palmitic
and stearic acids) or unsaturated (e.g. oleic, linoleic and palmitoleic acids). There are
abundant literature data on the chemical and physical properties of the glycerides, and it is
well known that these materials display very complex behaviour. For example, they have
different crystal forms (a, B, and B’ polymorphs), which have been extensively reviewed, and
correspondingly complex melting and crystallization behaviour [4-15].

Other products have more complex structures and hence similarly complex properties.

In the SEs, the fatty acids are attached to sucrose, a disaccharide consisting of two
monosaccharides, glucose and fructose. The commercial SEs are mixtures of SEs with various
esterification degrees; due to their complexicity, they exhibit very diverse behaviour, like the
glycerides.

As compared with other fatty acid products, SEs have high HLB value range (Fig. 3),

and thus very diverse properties.
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Fig. 3 HLB values of some fatty acid products [3]

3.3. Nomenclature of the sucrose esters

A number of manufacturers supply SEs, e.g. Dai-Ichi-Kogyo Seiyaku and Mitsubishi
in Japan, Croda in the USA, or Sisterna and Goldschmidt in Germany [16, 17].
The major manufacturer of SEs in Japan is the Mitsubishi-Kagaku Foods Corporation, which
produces SEs under the name Ryoto Sugar Esters. They sell SEs for food (Ryoto Sugar
Ester), cosmetic (Surfhope SE Cosme) and pharmaceutical (Surfhope SE Pharma)
applications.

The nomenclature of the SEs in different grades varies (Table 1).

Table 1 Nomenclature of SEs

Food grade Cosmetic grade Pharma grade
Leading letter Initial of fatty acid C D
Last two numbers % of named fatty acid HLB HLB
First 1/2 numbers HLB Fatty acid chain length* Fatty acid chain length*

* For unsaturated acids, the chain length is reduced by 1



SEs with the same composition therefore have different grade names, depending on their

application (some examples are given in Table 2).

Table 2 Examples of the different grade names of SEs

Fatty acid Degree of Fatty acid % of named HLB  Food Cosmetic Pharma

chain length unsaturation fatty acid grade grade grade
12 0 Lauric 95 16 L-1695 C-1216 D-1216
16 0 Palmitic 70 16  P-1670  C-1616 D-1616
18 0 Stearic 70 3 S-370 C-1803 D-1803
18 1 Oleic 70 1 0-170 C-1701

It must be said that in the literature the food grade names of SEs are generally used, for the

pharmaceutical applications too. This procedure will be followed in this thesis.

3.4. The use of sucrose esters in pharmaceutical dosage forms

SEs are commonly used in food industry as emulsifiers, antibacterial agents or
crystallization inhibitors [3, 18-23], and recently there is a great interest to use them also in
the field of pharmacy. They have attracted considerable interest as pharmaceutical excipients
for a number of reasons. The wide range of HLB values of SEs results in a similarly wide
range of properties. They can be applied in pharmaceutical technology as O/W or W/O
emulsifiers, wetting and solubilizing agents, liberation and absorption modifying agents or
lubricants [24-44].

The most common pharmaceutical application of SEs is for the modification of
bioavailability. Due to the wide range of their HLB values, they can increase or decrease drug
liberation or absorption. There are some literature data about the applicability of SEs as
permeation enhancers through the skin or mucosa. For example, L-595 and L-1695 have been
used in microemulsions to improve the penetration of hydrocortisone through the stratum
corneum [30]. Ganem-Quintanar et al. [31] studied four SEs (S-1670, O-1570, P-1670 and L-
1695) as absorption enhancers for the oral mucosal permeation of lidocaine hydrochloride.

They observed an increase in the passage of lidocaine through the mucosa only for L-1695;



the other SEs did not display any promoting effect. Ayala-Bravo ef al. [32] investigated the
effect of sucrose oleate (O-1570) and sucrose laurate (L-1695) in water or in Transcutol® on
the stratum corneum barrier properties in vivo. They examined the impact of these SEs on the
in vivo percutaneous penetration of the model penetrant 4-hydroxy-benzonitrile. Their results
showed that the combination of SEs with Transcutol® is able to temporally alter the stratum
corneum barrier properties, thereby promoting 4-hydroxy-benzonitrile penetration. Okamoto
et al. [33] examined the effects of SEs on the transdermal permeation of lidocaine and
ketoprofen. They suggested the combination of J-1205 and propylene glycol as a potent
vehicle for transdermal formulations. Csoka et al. [34] also examined the applicability of
different SEs (S-370, S-970, S-1670, O-1570, P-1670, L-1695 and M-1695) as drug-delivery
agents in transdermal therapeutic systems. They demonstrated that all SEs increased the drug
(metoprolol tartrate) release, but this effect depended on the HLB value and the C atom
number of the fatty acid chain in the SE.

Drug release has also been investigated from physical mixtures, solid dispersions,
coprecipitates and tablets. For example, Ntawukulilyayo et al. [35] evaluated the dissolution
rate-enhancement properties of nifedipine-SE-containing coprecipitates. The use of sucrose
palmitate of high HLB value dramatically improved the dissolution rate, especially when a
drug:ester ratio of 1:14 was used. Otsuka et al. [36, 37] also examined the
dissolution-enhancement properties of SEs. They used S-1670 (HLB=16) to improve the rate
of dissolution of phenytoin and glybuzole. Marton et al. [38] utilized three SEs with an HLB
value of 16 (S-1670, L-1695 and M-1695) to increase the rate of dissolution of
spironolactone. They found a linear relationship between the amount of drug dissolved and
the SE concentration. Csdka et al. [39] applied SEs with different HLB values (S-370, S-970,
S-1170, S-1670, L-1695, M-1695 and O-1570) to influence the dissolution of ibuprofen.
Seiler et al. [40] examined the possibility of preparing controlled-release matrix formulations
of theophylline by using S-1670 with hot-melt extrusion. Although S-1670 is hydrophilic, the
formulations exhibited controlled drug release. Ntawukulilyayo et al. [41] also used SEs with
high HLB values (S-1570 and P-1570) as tablet matrix-forming agents, in the cases of
ibuprofen and theophylline. The latter authors attributed the matrix-forming property to the H-
bond formed between the SE and the cellulose molecule present in the formulated product.

Ullrich et al. [42] recently investigated the rheological behaviour of aqueous SE

(S-1170F) dispersions, and concluded that SEs are applicable as alternative new matrices in



lipid-based drug-delivery systems. Abd-Elbary et al. [43] developed controlled release
proniosome-derived niosomes, using sucrose stearates as non-ionic surfactants for the
nebulisable delivery of cromolyn sodium. They used S-1170 and S-1670 and found that SEs
are promising carriers for the preparation of niosomal dispersion.

There are some products, especially on the German market, in which SEs are utilized

as controlled-release agents (e.g. Ibu KD retard, Esprenit retard and Cronasma retard) [44].

3.5. Melt technology

Melt technology has been commonly used since the early 1960s, when Sekiguchi and
Obi [1] prepared a eutectic mixture with the hot-melt method. With this technology, they
attained faster release of the poorly water-soluble sulphathiazole and chloramphenicol. Since
then, much research has been performed in efforts to influence the bioavailability of drugs
with hot-melt technology, and numerous reviews have appeared in the literature on this
method [45-62]. Much research work has likewise been performed to characterize the
physicochemical properties of the applicable carriers [63-80].

In the melt method, the drug and the excipient are usually melted together and, after
solidification, a eutectic mixture, solid dispersion, or solid solution is obtained. The carrier
may be crystalline (with an ordered structure), amorphous (with a disordered structure) or
semicrystalline (with ordered and disordered regions), and the drug can be present in a fully
crystalline state, a semicrystalline state, or an amorphous state [81]. When the drug is
distributed in a crystalline carrier, a crystalline solid dispersion is formed. When the active
substance is dispersed in an amorphous carrier or in the amorphous region of a semicrystalline
material, an amorphous solid dispersion is obtained. Depending on their molecular
distribution, three different types of amorphous solid dispersions can be distinguished:

1. An amorphous solid solution consists of an amorphous carrier in which the drug is
molecularly distributed. This type of solid dispersion is homogeneous at a molecular level.
Only one phase is present.

2. In an amorphous solid suspension, the drug is dispersed as amorphous clusters in the
amorphous carrier. This system is not homogeneous at a molecular level and consists of

two phases.



3.One part of the drug is sometimes molecularly dispersed, while the remainder is
suspended in the amorphous carrier. This is the third type of amorphous solid dispersions

[82].

Figure 4 shows the classification of solid dispersions according to Vasconcelos et al [2]:

« The first-generation solid dispersions were prepared by using crystalline carriers, such as
urea and sugars, which were the first carriers to be employed in solid dispersions. They
have the disadvantage of forming crystalline solid dispersions, which are more

thermodynamically stable and do not release the drug as quickly as amorphous ones.

« The second-generation solid dispersions contained amorphous or semi-crystalline carriers
instead of crystalline ones. In these systems, the drugs are molecularly dispersed in an
irregular form within the amorphous region of the carriers, which are usually polymers

such as PVP, PEGs or cellulose derivatives.

« The third-generation solid dispersions contain a surfactant carrier, or a mixture of
amorphous polymers and surfactants as carriers. The surfactants commonly used in solid
dispersion systems are inulin, Inutec SP1%, Compritol 888 ATO®, Gelucire 44/14 and
Poloxamer 407% [2]. Surface-active carriers have an important biopharmaceutical role.
They can influence the bioavailability by increasing the thermodynamic activity of the
active substance and by changing the permeability of cellular membranes [83]. The
third-generation solid dispersions are intended to achieve the highest degree of
bioavailability for poorly-soluble drugs and to stabilize the solid dispersion, avoiding drug

recrystallization.
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Fig. 4 Classification of solid dispersions [2]

Recently, there has been great interest in solid dispersion systems, and it is useful to
characterize new carriers which can be used in melt technology, especially substances with
lower melting points such as the SEs. If the active substance decomposes at high temperature,
only carriers with low melting points can be used in the hot-melt method, and the drug
(without melting) should be mixed into the melted carrier. Due to their surfactant properties,
low melting points and wide range of HLB values, SEs are promising carriers for the

preparation of solid dispersions by melt technology.

4. MATERIALS AND METHODS

4.1. Materials

SEs (Mitsubishi-Kagaku Foods Corporation, Japan) with high (P1670 and S1670),
medium (S970) or low HLB values (S370 and B370) were studied in my PhD work. The
longer the fatty acid chains in the SEs and the higher the degree of esterification, the lower the
HLB value (Table 3).
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Table 3 Data on SEs by Mitsubishi-Kagaku Foods Corporation

Name of ‘ Decomposition Degree of
SE Fatty acid HLB Mp [°C] temperature [°C] Esterification
P1670 palmitate (C16) 16 48 235 mono-, di- and triester
S1670 stearate (C18) 16 56 237 mono-, di- and triester
S970  stearate (C18) 9 56 234 mono-, di-, tri- and tetraester
mono-, di-, tri-, tetra- and
S370  stearate (C18) 3  58and 69 238 pentaester
mono-, di-, tri-, tetra- and
B370 behenate (C22) 3 63 and 79 241 pentaester

They have many favourable properties, e.g. they are tasteless, odourless, non-toxic, non-

irritant to the skin, and biodegradable.

As model drugs, two NSAIDs, ME (EGIS Ltd, Hungary) and DS (Sigma Co.,
Hungary) were used. They belong in BCS class II: ME is a poorly water-soluble material,
while DS is slightly soluble in water, but its solubility increases as the pH rises. The particle

sizes of the drugs: D(0.9) = 65 um for ME, and D(0.9) = 6 um for DS.

CHy CH,COONa
OH ﬁ S \
AN e N/k\ N i
| | Cl cl
s Ven
o] o) a b

Fig. 5 Chemical structures of ME (a) and DS (b)
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4.2. Sample preparation

For the physical evaluation of SEs, three types of samples were used:

« Untreated samples (SE): SEs without any special treatment (commercial).

« Freshly solidified samples (SE(melt)): SEs were melted in a porcelain dish in an oven
(Factory for Laboratory Equipment, Budapest, Hungary, Labor type 123) from 25 °C to
100 °C, and then allowed to recrystallize at room temperature.

« Aged samples: The freshly solidified samples were stored for up to 4 weeks at room
temperature (20+2 °C) to detect any physical aging effect:

*  SE(Alweek): samples stored for 1 week
*  SE(A4weeks): samples stored for 4 weeks

The drug-containing melted products were prepared as follows: The drug-SE physical
mixtures (1:1) were melted in a porcelain dish in an oven (Factory for Laboratory Equipment,
Budapest, Hungary, Labor type 123), with heating from 25 °C to 100 °C, and then cooled
back to room temperature. The notation applied for the melted and solidified samples is
“drug-SE(melt)” (e.g. ME-P1670(melt)). After the preparations, the samples were in all cases

pulverized in a mortar and sieved to 200 um.

4.3. Methods

4.3.1. Hot-stage microscopy

HSM is a powerful tool that is widely used for the visual characterization of all kinds
of thermal transitions. It is an analytical technique, which combines the best properties of
microscopy and thermal analysis to enable the characterization of the physical properties of
materials as a function of temperature [84]. HSM observations of morphological features and
changes during heating were carried out with a Leica MZ6 microscope (Wetzlar GmbH,
Germany) equipped with a Leica 350 heating stage and a JVC TK-1280E (Japan) colour

video camera. The structural changes in the SEs during heating were observed under the

12



microscope by using a scanning speed of 1 °C min™. Data were imported into a computer and

captured images were analysed by using the Leica Q5S00MC program.

4.3.2. Thermogravimetry

TG is a method commonly used in the identification of drugs and excipients. It can be
employed to study any physical (such as evaporation) or chemical process (such as thermal
degradation) that causes a material to lose volatile gases [85]. In TG studies, 50 mg of SE and
50 mg of inert Al,O3 were placed into the platinum container of a Derivatograph-C apparatus
(MOM, Hungary). The instrument was calibrated by using CuSO45H,0. The samples were
heated from 25 to 100 °C at a heating rate of 5 °C min.

4.3.3. Differential scanning calorimetry

DSC is the most highly regarded thermoanalytical method and is an essential tool for
materials research and development [85-87]. DSC studies were performed with a DSC 821°
(Mettler-Toledo GmbH, Switzerland). The instrument was calibrated by using indium.
Samples of 10 mg were heated in a sealed aluminium pan. Measurements were made in an Ar
atmosphere at a flow rate of 100 ml min"'. The samples were heated from 25 to 100 °C at a
heating rate of 1 °C min™. For analysis of the recrystallization process, samples were heated
up to 100 °C as described above, then cooled down to 25 °C at a rate of 2 °C min™', and
reheated to 100 °C at a heating rate of 1 °C min.

The crystallinity indices for the freshly solidified sample (Clsgmery) and the aged sample

(ClsE(aged)) Were calculated from the heats of fusion:

AH
Clg.. . (%) =—210 %100 1
SE(mclt)( 0) AHSE (1)
_ AI—ISE(a ed )
C1 SE (aged ) (%) - AH—gx 100 (2)

SE

13



where

AH, SE (mety — the normalized enthalpy (J g™ of the freshly solidified sample,
AHSE = the normalized enthalpy (J g) of the untreated sample, and

AH (aged ) — the normalized enthalpy (J g of the aged sample.

Drugs may influence the structure and thermal behaviour of carriers [88]; hence, it is
important to study the characteristics of the drug-carrier systems. For analysis of the drug-
containing SEs, samples of 10 mg were heated from 25 °C to 300 °C at a heating rate of 10 °C

.
min .

4.3.4. Modulated-temperature differential scanning calorimetry

MTDSC is nowadays a widely recognized technique; as compared with standard
DSC, it offers particular advantages, including the enhancement of both sensitivity and
resolution in the same experiment, the analysis of complex overlapping transitions, and the
detection of weak glass transitions [89, 90]. MTDSC studies were performed with a DSC
821° instrument (Mettler-Toledo GmbH, Switzerland). The measurement conditions were as
follows: start temperature: 25 °C, heating rate: 1 °C min™', amplitude: 1 °C, period: 60 s, and

end temperature: 75 °C.

4.3.5. X-ray powder diffraction

The method most commonly used to complement thermal analysis is XRPD. It is one
of the most powerful methods for the study of crystalline and partially crystalline solid-state
materials [91-95]. XRPD profiles were taken with a Philips X-ray diffractometer (PW 1930
generator, PW 1820 goniometer). The measurement conditions were as follows: Cu Ka
radiation (4 = 0.15418 nm), 40 kV, 35 mA. The basal spacing (dr) was calculated from the
diffraction peaks by using the Bragg equation.
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Bragg's Law is: nA =2dsin@ 3)

where the integer # is the order of the diffracted beam, 4 is the wavelength of the incident X-
ray beam, d is the distance between adjacent planes of atoms (the d-spacing), and € is the
angle of incidence of the X-ray beam. Since we know A and we can measure #, we can

calculate the d-spacings [95].

}\. }\.
A
A
incident angle [ O 0 reflection angle
I 0| 0
d |
J'atomic plane
"
cf&}%‘ =

Fig. 6 Reflection of X-ray beams from the crystal plane

Through measurement of the d-spacings, the building-in or intercalation of a drug can be
determined. In a drug-carrier system, the intercalation of the drug results in an expansion of
the basal spacing of the carrier (Fig. 7). If the bonding between the drug and the auxiliary
material is strong, the drug release can be slowed down [96-100]. Thus, it is useful to

determine the change in the d-spacing of the carrier after treatment.
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Fig. 7 Intercalation of drug molecule between the carrier lamellas

4.3.6. Rheological analysis

If a carrier exhibits swelling behaviour, this property is of great importance in the
drug-release process. Hence, rheological measurement of a swollen carrier before and after
inclusion of the drug is a useful characterization method [101]. For rheological analysis, a
PaarPhysica MCR101 type rheometer (Anton Paar GmbH, Graz, Austria) was used (in
controlled rate mode), equipped with a cone-and-plate measuring system (cone diameter, 50
mm; cone angle, 1°; truncation, 49 pm). During the measurements, the temperature of the
samples was modulated from 25 °C to 40 °C at a heating rate of 1 °C min™', while the resulting

viscosity changes were recorded.

4.3.7. Contact angle measurements
All materials act, react and interact at surfaces; hence surface characterization can be

vital for an understanding of the behaviour of any type of material. Surface characterization of

powders can be undertaken by a variety of techniques, of which contact angle determination is
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the most commonly used. Contact angle data may be used to estimate the surface energy of
the powder. If surface energies are known for both drug and excipient, then interactions can
be predicted [102, 103]. The contact angle (0) of the solids was determined by means of the
sessile drop technique, using the OCA 20 Optical Contact Angle Measuring System
(Dataphysics, Filderstadt, Germany), and the method of Wu, in which two liquids with known
polar (y/) and dispersion (%) components are used for measurement [104]. The solid surface
free energy is the sum of the polar (j) and non-polar (yd) components, and is calculated

according to Eq. (4):

4 d,d 4(yPyP
(1+COS®)7Z — (dys 7/ld) + (pys 711)) (4)
?/s +7l 7/5 +?/l

where @ is the contact angle, J; is the solid surface free energy and }; is the liquid surface

tension. The percentage polarity can be calculated from the ” and y values: (¥ /y)*100 [105].
The liquids used for our contact angle measurements were bidistilled water (Y = 50.2 mN m,

yd =22.6 mN m™) and diidomethane (Y = 1.8 mN m™, =49 mN m™).

4.3.8. In vitro drug release study

Melt technology is commonly used to enhance the dissolution of poorly water-soluble
drugs, or to control drug release. Hence, in vitro drug-release studies are often used to
examine solid dispersions [106]. For the dissolution tests, ME-SE(melt) or DS-SE(melt) was
filled into hard gelatine capsules. The capsules contained 15 mg of ME and 15 mg of SE, or
50 mg of DS and 50 mg of SE. The release of the model drugs was studied by using
Pharmatest equipment (Hainburg, Germany), at a paddle speed of 100 rpm. 900 ml artificial
enteric juice (pH = 7.5+£0.05) at 37 °C (£0.5 °C) was used. The drug contents of the samples
were measured spectrophotometrically (Ayeg = 362 nm; Aps = 276 nm) (Unicam UV/Vis

spectrophotometer).
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5. RESULTS

5.1. Characterization of the sucrose esters

The objective of the experiments presented in this chapter was to investigate the
structural and thermal properties of SEs and to demonstrate the differences between SEs with
various HLB values. Time-dependent solid-state changes (crystalline-amorphous phases and
polymorphism) were also observed. A further aim was the characterization of the swelling

behaviour of the SEs.

5.1.1. Thermoanalytical investigations

In measurements with the derivatograph, the TG results showed that the mass loss of
the examined SEs heated to 100 °C was less than 1%, i.e. they did not include water adsorbed
on their surface or any volatile component.

To determine the melting points, DSC studies were performed. The DSC scans (Fig. 8,
curves 1, first heating) revealed that the melting points and melting ranges of P1670 and
S1670 and their enthalpies were very similar, while the melting of SEs with lower HLB
values (5970, S370 and B370) was prolonged, with more peaks (Table 4). The probable cause
of this was that the studied SEs with high HLB values included only mono-, di- and triesters,
while the SEs with lower HLB values additionally contained tetra- and pentaesters (Table 3).

Table 4 Thermal parameters of SEs during first heating

SE Melting range [°C] Mp [°C] Total enthalpy [J g ']
P1670 41-62 51 -66.6
S1670 45-62 54 -66.7
S970 36-65 50 and 54 -75.7
S370 45-66 54 and 64 -55.7
B370 51-79 66 and 77 -68.4
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Fig. 8 DSC scans of different SEs (curve 1: first heating; curve 2: second heating)
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The effects of a second heating were also studied. The melted SE in the DSC pan
(after the first heating) was cooled to 25 °C at a rate of 2 °C min™', and then heated again at a
heating rate of 1 °C min™ to 100 °C (second heating). The results are illustrated in Fig. 8 by

curves 2, and summarized in Table 5.

Table 5 Thermal parameters of SEs during second heating

SE Melting range [°C] Mp [°C] Total enthalpy [J g']
P1670 — — —
S1670 — — —
S970 — — —
S370 54-66 64 -31
B370 52-79 64 and 76 -63.9

The DSC curve of second heating demonstrated that there were no more endothermic
changes for P1670, and for S1670 and S970 the changes were negligibly small. Accordingly,
the crystal structures of SEs with high (P1670 and S1670) or moderate (S970) HLB values,
which can be characterized by melting points (Fig. 8, curves 1), broke down during the first
heating and could not recrystallize during cooling. Thus, curves 2 in Fig. 8 (second heating)
exhibit the characteristics of amorphous materials. S370 has two endothermic peaks, but
during the second heating one peak disappeared and the melting range decreased. B370
seemed to be the most stable material: the melting ranges in the first and second heatings were
the same and the shapes of the curves did not change; only the total enthalpy decreased
slightly (<5 J g). Consequently, there were probably changes in the structures of the SEs
with high HLB values during heating. The structures of the SEs broke down and were built up
again during the heating and cooling processes. SEs with low HLB values (S370 and B370)
displayed faster recrystallization, but the rearrangement of the structures of SEs with high
(P1670 and S1670) or moderate (S970) HLB values was very long. Accordingly, this led to
an amorphous state. Amorphous materials can be characterized by the glass transition
temperature (7g) instead of the melting point (Mp). The determination of 7g by the

conventional DSC method is difficult, because 7g is often concealed by or overlaps with other
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thermal events taking place in parallel. The results of our MTDSC measurements revealed
that SEs with high (P1670 and S1670) or moderate (S970) HLB values undergo glass
transitions, which coincide with the melting points of the materials (Table 6) [I, II and V-

VII].

Table 6 Melting points and glass transitions during first and second heatings

First heating Second heating
Mp [°C] Te [°C] Mp [°C] Te[°C]
P1670 51 — — 50
S1670 54 — — 51
S970 50 and 54 — — 53
S370 54 and 64 — 64 —
B370 66 and 77 — 64 and 76 —

To visualize the changes in the samples during heating, HSM was used. The
photographs in Fig. 9 show the morphology of SEs with high (S1670) or low (S370) HLB
values before heating (at 25 °C) and after their melting (S1670: 65 °C, and S370: 70 °C).
While SEs with high HLB values (e.g. S1670) merely became soft, but did not flow,
lipophilic SEs (e.g. S370) melted. SEs with high or medium HLB values did not melt during
the first heating; their melting points detected in the DSC curves were truly their glass
transitions (Table 6). During the preparation of the melts, the SEs with high (P1670 and
S1670) or moderate (S970) HLB values did not become fluid even at 100 °C, in contrast with
the lipophilic (S370 and B370) SEs, as expected from the HSM study (Fig. 9c,f). If we wish
to prepare a solid dispersion of a drug with a high melting point, this can be a problem if SEs

with high HLB values are used, as their melts do not flow.
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Fig. 9 HSM pictures of S1670 at 25 °C (a), 65 °C (b) and 100 °C (¢), and of S370 at 25 °C
(d), 70 °C (e) and 100 °C (f)

With respect to the processing, it is important to know whether the changes in
structure of these materials are irreversible, or whether the original morphology of the

samples is recovered in time. To study this, melts of SEs were prepared and their changes in
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time were examined in comparison with the initial state. The melting ranges of melted and
solidified (melt) and aged (Alweek and A4weeks) samples were measured, their normalized
enthalpies were compared with the enthalpy of the untreated SE, and the CIs were calculated.
The melting behaviour of samples after melting and solidification differed from that of
untreated samples, and it changed in time (Figs 10-14, Table 7). P1670(melt) started to melt
2 °C earlier than the untreated P1670 and its melting also finished earlier. In the DSC curve of
solidified P1670, a small peak appeared after 1 week (P1670(Alweek)), which was not
characteristic of the untreated P1670 (Fig. 10). After 4 weeks (P1670(A4weeks)), the sizes of
the two peaks had changed: the melting point had drawn nearer to that for the untreated
sample, but was lower; on the other hand, the enthalpy determined by the melting range was

the same as that for the untreated P1670.
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Fig. 10 DSC curves of untreated, melted and solidified, and aged P1670

The melting points of S1670(melt), S1670(Alweek) and S1670(A4weeks) were
decreased by 2 °C as compared with that of the untreated S1670, but the shape of the curve
did not change considerably: it was characterized by one sharp peak (Fig. 11).
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Fig. 11 DSC curves of untreated, melted and solidified, and aged S1670

S970 crystallized very slowly after melting and solidification; in contrast with the

other SEs, its CI was not 100% restored after 4 weeks (Table 7, Fig. 12).
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Fig. 12 DSC curves of untreated, melted and solidified, and aged S970

S370(melt) exhibited only one endothermic peak after solidification, but after 1 week
(S370((Alweek)) the other peak characteristic of the untreated sample appeared. The melting

started 7 °C earlier, and thus the melting range was increased as compared with that for the

untreated S370 (Fig. 13, Table 7).
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Fig. 13 DSC curves of untreated, melted and solidified, and aged S370

For B370, one of the two peaks likewise disappeared after melting and solidification
(B370(melt)), and did not appear even after 1 week (B370((Alweek)) or 4 weeks
(B370(A4weeks)) (Fig. 14). However, the normalized enthalpy nearly reached the enthalpy of
the untreated B370 (Table 7).
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Fig. 14 DSC curves of untreated, melted and solidified, and aged B370

25



It is probable that, similarly to other fatty acid derivatives, SEs transform from one
polymorph to another during storage. After storage for 4 weeks (A4weeks), the heats of
fusion of aged samples drew near to the enthalpy of the untreated sample, which means that
the structures of all the SEs were apparently restored in time. This is in accordance with the
finding of Laine et al. [107] that solidified triglycerides have partially amorphous layered
structures which gradually crystallize during storage. DSC measurements indicated that, even
if the total enthalpies of aged samples reached the enthalpy of the untreated sample, the shape
of the DSC curves was different from that of the curve of the initial material, i.e. the original

structure was not recovered.

Table 7 Effects of treatment and storage of SEs

Sample name Melting range [°C]  Total enthalpy [J g'] CI [%]
P1670(melt) 39-56 -37 55.6
P1670(Alweek) 37-52 -42.3 63.5
P1670(A4weeks) 35-61 -66.6 100
P1670 41-62 -66.6 100
S1670(melt) 39-60 -35.7 535
S1670(A1week) 38-61 -49.6 74.4
S1670(A4weeks) 38-62 -64.3 96.4
S1670 45-62 -66.7 100
S970(melt) 33-68 -30 39.6
S970(Alweek) 35-68 -52.9 69.9
S970(Ad4weeks) 34-68 -63.8 84.3
S970 36-65 -75.7 100
S370(melt) 59-67 -35.2 63.2
S370(Alweek) 38-69 -50.3 90.3
S370(Ad4weeks) 39-69 -55.7 100
S370 45-66 -55.7 100
B370(melt) 55-78 -57.5 84.1
B370(Alweek) 56-79 -63.6 93
B370(A4weeks) 55-78 -66.4 97.1
B370 51-79 -68.4 100
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Hence, even if the molecular dispersion of a drug in SEs is successful, it is not sure that this
advantageous state can be maintained, because the structure of the SE is continuously

changing [I, II and VII].

5.1.2. Structural characterization

To confirm the DSC results, X-ray analysis was performed on untreated SEs, melted
and solidified SEs and aged samples. The measurements were carried out until 40° 26, from
which it was determined that between 10 and 40° 26 the SEs display only one peak, at the
same position (20 = 21.04° (P1670); 21.24° (S1670); 21.28° (S970); 21.08° (S370); and 21.3°
(B370)). According to the measured basal spacing (0.42 nm), an alpha form with a hexagonal
structure was characteristic for all SEs. There are also some peaks at small angles in different
positions and with various basal spacings, as indicated in Fig. 15.

The DSC curves of P1670 and S1670 were similar (Fig. 8, curves 1), and the same can
be said about their X-ray diffraction patterns. Both SEs have ordered structures: at small
angles, they demonstrate four distinct peaks (P1670: 20 = 2.2°, 4.5°, 6.8° and 9.2°; S1670:
20=12.2° 4.4° 6.6° and 8.9°) and nearly the same basal spacing, characteristic of stearic acid
(Fig. 15). S970 has a more complex structure: it contains more di- and triester, and also a little
tetraester. Moreover, S370 and B370 include the pentaester too (Table 3). In consequence of
the presence of these components, the characteristic diffraction peaks disappeared from the X-
ray diffractograms and the interlayer spacings increased. The untreated S970 had three
(260 =1.6°, 2° and 4.4°), S370 had two (20 = 1.5° and 4.5°), and B370 had three (26 = 1.3°,
1.9° and 3.9°) characteristic peaks at small angles (Fig. 15).
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Fig. 15 X-ray diffractograms of SEs

After melting and solidification, the structures of all the SEs were changed, the basal

spacings and counts were modified and in almost all cases one of the characteristic peaks had
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disappeared, which was probably induced by the polymorphism of the fatty acids (Figs
16-20).

In the diffractograms of melted P1670 and S1670, only three peaks were observed,
whereas four peaks were found for the untreated sample. The P1670 peak at 9.2° 260 (Fig. 16),
and the S1670 peak at 8.9° 20 disappeared (Fig. 17). The peak intensities decreased

(practically only the first signal could be seen) and the basal spacings increased.
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Fig. 16 X-ray patterns of untreated, melted and solidified, and aged P1670
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Fig. 17 X-ray patterns of untreated, melted and solidified, and aged S1670
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Of the three peaks of untreated S970, after melting and solidification the second signal

(20 = 2°) had disappeared and was not recovered even 4 weeks later (Fig. 18).
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Fig. 18 X-ray patterns of untreated, melted and solidified, and aged S970

The X-ray pattern of S370 did not exhibit such a large change in counts as for SEs
with high HLB values, but the basal spacings were modified in this case too (Fig. 19).
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Fig. 19 X-ray patterns of untreated, melted and solidified, and aged S370
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The change in degree of crystallinity for B370 was smaller, and the count fluctuation
was slight, but the second signal (20 = 1.9°) disappeared and the morphology of the untreated

sample was not restored (Fig. 20).
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Fig. 20 X-ray patterns of untreated, melted and solidified, and aged B370

These X-ray observations are in accordance with the DSC results, since the shapes of
the DSC curves changed continuously, the melting range varied after treatment and the
original shape of the curve (characteristic of the untreated sample) was not regained even after

storage for one month [I, II and V].

5.1.3. Swelling characterization

According to the recently published literature data [42], SEs have gelling behaviour
which can influence the drug release. Hence, the examined SEs were dispersed in water (5%)
and the viscosity of the suspension was measured as a function of temperature (Fig. 21).
These rheological measurements revealed that the different SEs have various swelling

properties.
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Fig. 21 Viscosities of the hydrophilic SEs in water

It was found that the stearate (C18)-containing S1670 and S970 displayed high
viscosity at room temperature, which did not change appreciably on increase of the
temperature (Fig. 21). P1670 (where the main fatty acid is palmitate (C16)) has a lower
viscosity at 25 °C, which increased considerably on increase of the temperature. Presumably
the longer fatty acid chains in the SEs result in the higher viscosity. Lipophilic S370 and
B370 have poor wetting properties in water, and their viscosity did not increase with increase
of the temperature. If the SE particles are situated close to the drug particles (e.g. in hard
gelatine capsule or tablet dosage forms), the drug release can be sustained due to the gel-
forming behaviour of the hydrophilic SEs. In these cases, therefore, it is important to consider
not only the polarity and wetting effect of the SEs, but also their swelling behaviour, because

this can influence the drug release to a great extent.

5.1.4. Conclusion

The DSC and HSM results revealed that SEs with high (P1670 and S1670) or
moderate (S970) HLB values exhibit a glass transition temperature instead of a melting point.
They soften during heating, whereas SEs with low HLB values (S370 and B370) melt and

then quickly recrystallize from their melts. However, the original structure does not return
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either for SEs with high or moderate, or for SEs with low HLB values: after melting and
solidification, their melts continuously change, probably because polymorphs are undergoing
transformation. The DSC scans and X-ray patterns of samples stored for up to 4 weeks do not
display the same picture as that for the untreated samples. These results demonstrate that
changes in morphology must be considered during research and development. This is
especially important as concerns molecularly dispersed materials (amorphous state) in SEs. In
consequence of the changes in structure, a drug can partially or completely assume a
crystalline form, which can entail a lower dissolution rate or the appearance of an undesirable
polymorph form [I, IT and VII].

The drug release can be influenced not only by the thermal and structural behaviour of
the SEs, but also by the swelling properties of the materials. According to our rheological
measurements, it can be predicted that prompt drug release may not be achieved even with the

hydrophilic SEs because of their swelling at body temperature.

5.2. Investigation of drug-SE solid dispersions prepared by melt technology

The aim of the present work was to examine the effects of active agents on the thermal
behaviour and the effects of structural changes in the SEs and the drug-SE solid-state
interactions on drug release. SE samples (P1670, S970 and B370) were chosen on the basis of
the HLB classification system because the ratio of the hydrophilic and lipophilic groups
influences their processibility by hot-melt technology as well as the bioavailability of the drug
material. Both model active agents (ME and DS) are BCS class II drugs, but they have

appreciably different polarities and solubilities.

5.2.1. Thermoanalytical investigation

The DSC results on the SE melts revealed that the drug brought about considerable
structural changes in the SEs, to different extents for the three SEs (Table 8).
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Table 8 DSC data on SEs, SE melts and drug-SE melted products

Melting range [°C] Total enthalpy [J g'l]
onset-endset
P1670 41-62 -52.2
P1670(melt) 36-53 -42.5
ME-P1670(melt) 36-55 -19.4
DS-P1670(melt) 36-48 -5.7
S970 46-67 -58.7
S970(melt) 43-65 -31.2
ME-S970(melt) 43-65 -15.1
DS-S970(melt) 36-58 -17.9
B370 50-88 -89.6
B370(melt) 53-90 -65.9
ME-B370(melt) 54-91 -28.4
DS-B370(melt) 40-86 -44.1

For ME-P1670(melt), the melting range was not changed significantly as compared
with P1670(melt), while the enthalpy decreased to half. An even greater change occurred for
DS-P1670(melt): here the melting finished 5 °C sooner than for P1670(melt), and the
enthalpy decreased considerably.

The change in ME-S970(melt) in comparison with S970(melt) was similar to that for
P1670: the melting range did not change, but the enthalpy was reduced to half. The melting of
DS-S970(melt) started and finished 7 °C sooner than that of S970(melt), but the enthalpy
decreased only to half, as in the case of ME-S970(melt).

The melting range of ME-B370(melt) was not changed relative to that of B370(melt),
though the enthalpy was decreased, while the melting of DS-B370(melt) started more than 10
°C earlier than that of B370(melt) (Table 8) [III, IV and VIII-X].

The behaviour of each SE in the presence of these drugs was examined in a wider

temperature interval too. The melting point of ME is 263 °C, and that of DS is 291 °C, and the

measurements were therefore performed in the range 25-300 °C. However, the SEs can
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undergo pyrolysis above 200 °C [108], so the curves were not plotted above this temperature
(Figs 22-24). For the drug-containing products, the melting points of ME and DS could not be
seen after the pyrolysis of the SEs; this melting probably took place simultaneously with the
pyrolysis of the SE, and part of the drug could have dissolved in the melted SE. For the
DS-P1670 product, a new endothermic peak appeared at 170.5 °C (Fig. 22). The DS, which
did not dissolve in the SE, must have melted before the pyrolysis of P1670.
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Fig. 22 DSC curves of P1670(melt) and drug-P1670 melted products
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Fig. 23 DSC curves of S970(melt) and drug-S970 melted products
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Fig. 24 DSC curves of B370(melt) and drug-B370 melted products

5.2.2. Structural characterization

The X-ray diffractograms demonstrated that the peaks characteristic of SEs and of the
drug appeared for each drug-SE product; only the numbers of counts decreased, new peaks
not appearing anywhere. Only 2 or 3 peaks can be seen in the X-ray pictures of the SEs, the
majority of them at small angles where the drugs give no sign. The building-in or intercalation
of the drug can be inferred from the changes in the basal spacing of the SEs. If the basal
spacing increases, it can be presumed that the drug has been built into the crystalline phase of
the carrier. By virtue of the size of their molecules, both ME [109] and DS [110] would fit in
among the lamellas of the SE, and thus it could reasonably be expected that the drug
molecules with polarities similar to that of the SE would be built into the crystalline phase of
the SEs, thereby increasing their basal spacing.

The positions of the peaks of the SEs at small angles and their intensities are listed in

Table 9, and plotted in Figs 25-27, where the basal spacings are also indicated.
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Table 9 X-ray data on SEs, SE melts and drug-SE melted products

20 Counts
P1670 2.2 10692
P1670(melt) 2.2 9101
ME-P1670(melt) 2.2 2852
DS-P1670(melt) 2.2 2190
S970 1.6 and 2.1 4597 and 3648
S970(melt) 1.6 6939
ME-S970(melt) 1.6 1739
DS-S970(melt) 2.2 1640
B370 1.3and 1.9 5184 and 2841
B370(melt) 1.4 6352
ME-B370(melt) 1.3 1303
DS-B370(melt) 2 955

For P1670, neither the position of the characteristic peak of SE nor the basal spacing

changed considerably; only the degree of crystallinity decreased to a third as compared with

P1670(melt), both for ME-P1670(melt) and for DS-P1670(melt) (Fig. 25).
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Fig. 25 X-ray diffractograms of drugs, P1670 and drug-P1670 melted products
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For ME-S970(melt), the degree of crystallinity decreased to a quarter relative to
S970(melt), just as in the case of the DS-S970(melt). It is clear from Fig. 26 that only one
characteristic peak of the SEs appeared for the products, at different positions for the two

drugs.
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Fig. 26 X-ray diffractograms of drugs, S970 and drug-S970 melted products
The greatest decrease in crystallinity was that for drug-B370(melt) as compared with

B370(melt); the drugs are best distributed in this SE. The characteristic peak of B370
appeared in different positions, as a result of the effects of the two drugs (Fig. 27).
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Fig. 27 X-ray diffractograms of drugs, B370 and drug-B370 melted products
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The basal spacings of the SEs did not change considerably in any of the cases, which
leads to the conclusion that neither drug was built into the crystalline phase of the SEs [III
and VIII-X].

5.2.3. Contact angle measurements

The drug release may be influenced by many factors (e.g. the swelling of the carriers,
the polarities and the wetting properties of the materials). The results of contact angle
measurements, which provide information about the surface free energies and polarities of the

drugs and the SEs, are presented in Table 10.

Table 10 Contact angles, surface free energies and polarities of the materials

Materials  Owater [] Odiiodomethane [[] 7 [MN m™'] % [MN m™] y [mN m™'] Polarity [%]
P1670 1849+ 0.85 58.76+0.72  27.37 42.73 70.10 60.96
S970 46.79+1.76 62.99+1.10  25.50 29.75 55.25 53.85
B370 89.81£1.03 54.77+1.01  30.09 5.99 36.08 16.60
ME 61.56+1.71 15.44+0.83  44.53 15.56 60.08 25.90
DS 168+1.5 1953+1.78  43.19 35.48 78.67 45.10
ME-P1670 22.4+ 134 45.4+1.99 33.51 37.70 71.21 52.94
ME-S970  45+1.71  573+159  28.12 29.40 57.51 51.12
ME-B370 8532+1.9 54.82+1.79  29.85 7.9 37.75 20.93
DS-P1670 24.4+1.68  43+138 34.58 36.42 71.00 51.29
DS-S970 2028 +2.51 50.09+1.95  31.37 39.59 70.97 55.78
DS-B370 65.58+1.99 50.55+1.39 3142 16.79 48.2 34.83

The contact angles of the two drugs in water were very different (Qyae(ME) = 61.56;
Owater(DS) = 16.8), and the SEs influenced the wetting behaviour of the drugs according to
their HLB values or polarity. From these results, it is predictable how SEs can change the

dissolution of these two drugs.
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5.2.4. In vitro drug release

ME is a poorly water-soluble drug; it is absorbed mostly from the intestine. Its release
was increased by the presence of a SE with a high HLB value (P1670), when 70% of the ME
was dissolved in 2 hours as compared with only 30% from pure ME. The SE with a medium
HLB value (S970) slightly increased the release of ME, but the quantity dissolved in 2 hours
hardly exceeded 50%. Although the drug release did change as a function of the HLB value,
100% dissolution could not be achieved even with P1670, which has an HLB of 16. In the
cases of the hydrophilic SE-containing products (ME-P1670(melt) and ME-S970(melt)), a
gel-like residue could be seen in the capsule holder at the end of the examinations. For
ME-B370(melt), the drug release was greatly slowed down: only 15% of the ME was
dissolved in 2 hours, instead of 30% (Fig. 28).
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Amount of ME dissolved (%)

0 20 40 60 80 100 120

—e—ME Time (min)
—&— ME-P1670(melt)

—de— ME-S970(melt)

—o— ME-B370(melt)

Fig. 28 Dissolution of ME and ME-SE melted products

DS dissolved well at pH 7.5, 100% of the pure drug passing into solution in artificial
intestinal juice in a few minutes. P1670 did not bring about appreciable changes; the
dissolution was similar to that of DS without a carrier. The release of DS was delayed by

S970, but the drug was completely dissolved in 1 hour. The dissolution of DS was greatly

40



decreased by the lipophilic B370: the quantity of drug dissolved in 2 hours was < 50% (Fig.
29).
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Fig. 29 Dissolution of DS and DS-SE melted products

The dissolution studies indicated that the dissolution of the different drugs was
influenced differently by the SEs. The hydrophilic P1670 increased the dissolution of ME
considerably, but 100% drug release could not be achieved. Our rheological measurements
showed that P1670 gelled at 37 °C (Fig. 21), which explains why 100% release could not be
attained in the case of ME despite the high HLB value. S970, with a medium HLB value,
slightly increased the dissolution of ME due to its polarity and wetting effect, but because of
its gel-forming property, the drug release was sustained. The lipophilic B370 has a low
viscosity in aqueous medium; in this case, only the HLB value plays a role, and it decreases
the dissolution of ME.

DS was dissolved in the intestinal juice within a few minutes, and the effect of the
hydrophilic P1670 was not manifested here. In spite of the gel-forming property of P1670, the
dissolution of DS could not be delayed with this SE. S970 has a medium HLB value and is
dispersed less in water, and it slows down the dissolution of DS. B370 has the lowest HLB
value among the SEs examined; it decreases the dissolution of DS because of its polarity [I1I

and VIII-X].
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5.2.5. Study the effects of the drugs on the swelling of SE

It emerged from the in vitro dissolution studies that, in the case of ME-P1670(melt)),
the swelling of the SE played a role and the ME release was sustained because of the gel-
forming properties of the P1670. On the other hand, P1670 did not have any significant effect
on the dissolution of DS in artificial enteric juice. The DS release could not be delayed with
P1670: there is presumably an interaction between the drug and the SE; DS possibly has a
salting-out effect on the gel structure of this SE.

In order to study the effects of the drugs on the gelling of P1670, rheological
measurements were made. The viscosity of P1670 was measured in artificial enteric juice (at
pH =7.5), alone and in the presence of the drugs.

It can be clearly seen that the viscosity of P1670 is constant between 25 and 35 °C, but
it increases appreciably above 35 °C. In the presence of ME, the swelling process of P1670 is
similar to that without this drug (Fig. 30). In this case, the drug has no an effect on the gelling
of P1670.
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Fig. 30 Viscosity of P1670 and ME-P1670 in enteric juice
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On the other hand, in the presence of DS, the viscosity of P1670 is lower (about 10
mPa s) at 25 °C than that of P1670 without DS, and it did not change appreciably on increase
of the temperature (Fig. 31). In this case, the drug has a great effect on the gel structure of

P1670, and this interaction can be influenced to a large extent by the dissolution of DS.
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Fig. 31 Viscosity of P1670 and DS-P1670 in enteric juice

For a better understanding of the interaction between DS and P1670, the swelling
process of this SE was observed by means of HSM, too. The photos in Fig. 32 show P1670
particles in enteric juice during heating (at 25 °C, 33 °C, 37 °C and 40 °C). The P1670

particles are swollen at room temperature and the gelling process persists and is more

expressed at body temperature.
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Fig. 32 Effects of heating on P1670 in enteric juice.
HSM pictures at 25 °C (a), 33 °C (b), 37 °C (c¢) and 40 °C (d)

In contrast, in the presence of DS, P1670 starts to swell at lower temperature, but its
structure is destroyed because of the salting-out effect of DS (Fig. 33a,b). It can be seen that,
in this case, P1670 is dissolved in the enteric juice at body temperature (Fig. 33c). This
explains why the viscosity of P1670 in enteric juice is constant in the presence of DS (Fig. 31)

and why P1670 has no effect on the dissolution of DS (Fig. 29).

d

Fig. 33 Effects of heating on P1670 in enteric juice, in the presence of DS.
HSM pictures at 25 °C (a), 33 °C (b), 37 °C (c¢) and 40 °C (d)



5.2.6. Conclusion

The DSC and X-ray examinations indicated that the structures of the SEs were
rearranged after melting, to the accompaniment of a decrease in the degree of crystallinity.
The change was greater when a drug was present, especially in the case of lipophilic B370,
where the degree of crystallinity of the SE was reduced to a fifth by the drug. Comparison of
the changes caused by the two drugs demonstrated that, in accord with the results of the DSC
examinations, the X-ray signal of SE appeared at the same position for ME-SE(melt) as for
SE(melt), while in the case of DS-SE(melt) the characteristic peak typical of the SEs appeared
at a different position. Thus, DS brings about a greater structural rearrangement in the SE than
ME does. The basal spacings of the SEs did not change considerably in any of the cases,
which leads to the conclusion that neither drug was built into the crystalline phase of the SEs.

The present results allow the conclusion that, when SEs are used in melt technology,
not only the HLB value, but also their gel-forming properties and the features of the drugs
have to be considered. With respect to HLB, P1670 can serve as suitable carrier to enhance
the rate of dissolution of drugs with poor water-solubility, while the lipophilic B370 can be
used for retardation. S970, with a medium HLB value, can promote the dissolution of drugs
with poor wettability (such as ME), but it can slow down the release of a soluble drug (such
as DS). On account of their gel-forming properties, P1670 and S970 can be suitable for
delaying the release of certain drugs. However, during formulation it is also important to
consider the properties of the drug, because these can influence the structure of the SE or the

gel structure formed [III and VIII-X].
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6. SUMMARY

The objective of this thesis was to characterize and investigate the applicability of SEs

as possible carriers in melt technology.

A . Characterization of the SEs

The structure and thermal behaviour of some SEs (P1670, S1670, S970, S370 and
B370) with different HLB values were studied. The results revealed that SEs with high or
medium HLB values were vitrified by melting. Their 7g values were determined by means of
MTDSC. To visualize the changes in the samples during heating, HSM was used. Hydrophilic
SEs were only softened, while lipophilic SEs were melted by heating. After melting and
solidification, SEs have partially amorphous layered structures, which slowly crystallize in
time. Time-dependent solid-state changes (crystalline and amorphous phases) were observed,
and analysed by means of DSC and XRPD. The DSC scans and X-ray patterns of samples
stored for up to 4 weeks do not display the same picture as that for the untreated samples.
These results demonstrate that changes in morphology must be considered during research
and development. This is especially important as concerns molecularly dispersed materials
(amorphous state) in SEs. In consequence of the changes in structure, a drug can partially or
completely assume a crystalline form, which can entail a lower dissolution rate or the
appearance of an undesirable polymorph form.

The swelling of the SEs in aqueous medium was also determined by means of rheological
measurements. It was found that hydrophilic SEs exhibit gelling behaviour at body

temperature, which can influence the drug release.

B. Investigation of drug-SE solid dispersions prepared by melt technology

After the thermal and structural characterization of the SEs, the effects of active agents
on the structures of the SEs were also studied. Drug-SE products were prepared by melt
technology and investigated by DSC, XRPD, contact angle measurements, dissolution tests
and rheological measurements. ME and DS as model drugs and three SEs with different

polarities (P1670, S970 and B370) were chosen for the preparation of the products.
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Considerable melting range and enthalpy decreases were observed in the DSC curves for the
drug-SE melted products. The structures of the products were rearranged and their degrees of
crystallinity were decreased. The molecules of dissolved drugs broke down the structures of
the SEs, but did not build into the crystalline phase of the carrier. The dissolution of the drugs
was influenced by the different HLB values and gel-forming behaviour of the SEs, and also

by the polarity of the drugs and the interactions between the drugs and SEs.

C.  Practical relevance of the results

The results presented in this thesis furnish information on the structures and thermal
behaviour of the SEs and demonstrate the differences between the properties of the SEs with
various HLB values. Moreover, the effects of active agents on the structures of the SEs and

the effects of the SEs on drug release were studied.
The results allow the following practical conclusions:

« After melting and solidification, the structures of the SEs break down, and then slowly
rearrange. The original structure does not return either for SEs with high or moderate, or
for SEs with low HLB values: after melting and solidification, their melts continuously
change, probably because polymorphs are undergoing transformation. SEs are
semicrystalline carriers, with both amorphous and crystalline regions. During the

preparation of solid dispersions, the drugs are built into the amorphous phases of the SEs.

« In the melt technology, mainly the lipophilic SEs may be suggested as carriers. They
display characteristic melting, whereas SEs with high or moderate HLB values only
soften during heating. The hydrophilic SEs dissolve well in organic solvents, so they can

be used to form solid dispersions by the solvent method.

« With respect to the HLB values, hydrophilic SEs (P1670 and S1670) can serve as
suitable carriers to enhance the rate of dissolution of drugs with poor water-solubility,
while the lipophilic SEs (S370 and B370) can be used for retardation. S970, with a

medium HLB value, can promote the dissolution of drugs with poor wettability (such as
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ME), but it can slow down the release of a soluble drug (such as DS). On the basis of
their gel-forming properties, SEs with high (S1670 and P1670) or medium HLB values
(S970) can be suitable for delaying the release of certain drugs.

Figure 34 summarizes the main results of this thesis, and emphasizes the common and the

different properties of the hydrophilic and lipophilic SEs.
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Fig. 34 Common and different behaviour of the SEs

It may be concluded that SEs, and especially lipophilic SEs, can be recommended as carriers
in hot-melt technology. The use of hydrophilic SEs in the melt method is complicated,
because of their vitrifying, but, due to their higher polarity, they can be used as excipients to
form solid dispersions by the solvent method. In recent years, new SEs have been produced,
such as ER-190 (sucrose erucate, HLB = 1), or POS-135 (SE of mixed fatty acids, HLB = 1),
but very little information is available on these materials. It appears interesting and useful to
characterize them, because they may be valuable future materials in the “green” hot-melt

method.
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Abstract

Sugar esters (5Es) are widely used in the pharmaceutical and food industries. They have a wide range of HLB values ( 1-16). and hence they
can be applied as surfactants, or as solubility or penetration enhancers. SEs can be employed in hot-melt technology, because their melting points
are low and they decompose only above 220 °C, The aims of this work were to study the thermal properties of SEs and to demonstrate differences
between SEs with various HLB values. The results revealed that SEs with high or medium HLB values were vitrified by melting. Their glass
transitions (T, ) were determined by modulated differential scanning calorimetry. To visualize the changes in the samples during heating. hot-stage
microscopy was used. Hydrophilic SEs were only softened, while lipophilic SEs were melted by heating. After melting and solidification, SEs have
partially amorphous layered structures which slowly crystallize in time. Time-dependent solid-state changes (crystalline and amorphous phases)

were observed, and analysed by means of differential scanning calorimetry and X-ray powder diffraction.

© 2006 Elsevier B.V. All rights reserved.

Keywards: Glass transition; Hot-stage microscopy: Sugar esters; Thermal analysis; X-ray powder diffraction

1. Introduction

Sugar esters (SEs) have been known since 1960s, but they
are relatively new materials in pharmaceutical technology. They
are tasteless, odourless and non-toxic, and thus they are good
emulsifiers for foodstuffs. They are also suitable for medications
and cosmetics, because they are non-irritant to the eyes and skin.

SEs are non-ionic surface-active agents consisting of sucrose
as hydrophilic group and fatty acids as lipophilic groups, i.e.
sucrose fatty acid esters. Sucrose contains 8 hydroxy groups,
and it is therefore possible to manufacture SEs with vari-
ous HLB wvalues by controlling the degree of esterification
(Mitsubishi-Kagaku Foods Corporation, 1982; Molinier et al.,
2005). Depending on their HLB values, they are available with
a range of properties: O/W and W/O emulsifying properties,
solubilizing and foaming properties (Husband et al, 1998;
Garti et al., 2000), enhancement or inhibition of crystal growth
in fat (Awad and Sato, 2002), antibacterial effects (Kato and
Arima, 1971), and lubrication and releasing properties {Hahn
and Sucker, 1989; Ntawukulilyayo et al., 1993; Otsuka et al.,
1908; Marton et al., 2005).

* Corresponding author. Tel.: +36 62 545572; fax: +36 62 345571,
E-mail address: reveszi@ pharm.u-szeged.hu (P. Szabd-Révész).

03TB-5173/% — se2 front matier © 2006 Elsevier B.V. All rights reserved.
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The melting points of most sugars are high, so that prepa-
rations by the hot-melt method are problematic (Leuner and
Dressman, 2000), but SEs have melting points of 40-792C and
are very stable to heat, and hence they can be employed to pre-
pare solid dispersions by the melt technology. In fact, it is very
important to know the thermal behaviour of these materials, so
that the changes in the base materials can be predicted during
storage and technological processes such as the preparation of
solid dispersions by melting.

The aims of this study were to evaluate the thermal properties
of SEs, to observe and analyse the time-dependent solid-state
changes (crystalline—amorphous phases) and to demenstrate the
differences between SEs with various HLB values. SE samples
were chosen by HLB classification system because the ratio of
the hydrophilic and lipophilic groups influences their processi-
bility by hot melt technology as well as the bicavailability of the
drug material.

2. Materials and methods
2.1, Materials

Ryoto SEs (Mitsubishi-Kagaku Foods Corporation, Japan)
are a family of vehicles consisting of sucrose and mixtures of
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Table 1

Data of SEs by Mitsubishi-Fagaku Foods Corporation

Mame of SE Fatty acid HLE mp {"C) Decomposition
temperature (*C)

P1&70 Palmitate (C16) 16 48 235

51670 Stearate (C18) 16 56 237

5970 Stearate (C18) 9 56 234

5370 Stearate (C18) 3 S5Band 6% 238

B370 Behenate (C22) 3 63and 79 241

mono- o octaesters of fatty acids. According to Aulton (2002),
excipients with high HLB (10-18) are hydrophilic (water sol-
uble), with medium HLB (7—9) are water dispersible and with
low HLB ({0—6) are hydrophobic (oil soluble). SEs with high or
maoderate HLB can be used in preparation of fast release and
SEs with low HLB in preparation of sustained release formu-
lation. So, we selected SEs for study that have high (P1670
and 51670), medium (S970) and low HLB values (S370 and
B370). The longer the fatty acid chains in the SEs and the higher
the degree of esterification result in the lower the HLB value
(Tables 1 and 2).

2.2, Sample preparation

Three types of samples were prepared for the physical eval-
uation of SEs:

« Untreated samples (U): samples without any special treatment
{commercial ).

¢ Freshly solidified samples (F): samples were melted in a
porcelain dish in an oven (Factory for Laboratory Equipment,
Budapest, Hungary, Labor type 123) from 25 to 100°C, and
then allowed to recrystallize at room temperature.

s Agedsamples (A): the freshly solidified samples were stored
for up to | month at room temperature (20 £ 2 °C) to detect
any physical aging effect.

o Alweek: samples stored for | week.
o Adweek: samples stored for 4 weeks.

For the comparison of sample properties (e.g. by X-ray), it is
important that the particle sizes should be similar. These were
therefore determined by sieve analysis (Retsch vibrating appa-
ratus, amplitude: 1, interval: 60 s, time: 5 min, three times). The
average particle size of the untreated samples was 100300 pm.
After melting and solidification, the freshly solidified samples
were pulverized in a mortar to achieve the same particle size as
that of the untreated samples.

Table 2
Dataon compositions of different SEs by Mitsubishi- Kagakn Foods Corporation
P1&70 51670 5970 5370 B370
Monoester (%) &0 77 48 19 15
Diester (%) 17 20 34 33 24
Triester (%) 3 3 14 30 28
Tatrasster (%) 4 15 22
Pentaester (%) 3 11

2.3, Derivatograply

Fifty milligrams SE and 50mg inert AlaOs were placed
into the platinum container of a Derivatograph-C apparatus
(MOM. Hungary). The instrument was calibrated by using
CuS0y-5H,0. The TG, DTG and DTA curves were determined.
The samples were heated from 25 to 100 °C at a heating rate of
5°Cmin—!.

2.4, Differential scanning calorimetry (DSC)

DSC studies were performed with a DSC 821° (Mettler-
Toledo GmbH, Switzerland). The instrument was calibrated by
using indium. Samples of 10mg were heated in a sealed alu-
minium pan. Measurements were made in an Ar atmosphere at
a flow rate of 100mlmin=!. The samples were heated from
25 to 100°C at a heating rate of 1°Cmin~'. For analysis
of the recrystallization process, samples were heated up to
100 °C as described above, then cooled down to 25°C at a
rate of 2°C min‘l, and reheated to 100°C at a heating rate of
1°Cmin~".

The crystallinity index for freshly solidified sample (Clg) and
the aged sample (Cl o) was calculated from the heats of fusion:

AHE

Clp (%) = x 100
F %) N
AH

Cla (%) = —2 % 100
AHu

where AHg =normalized enthalpy (Jg=!) of freshly solidified
sample, AHy =nomalized enthalpy [Jg_]) of untreated sam-
ple, and AH s =normalized enthalpy (J g‘l} of aged sample.

Modulated-temperature DSC is a method that allows the
relaxation endotherm and glass transition to be separated into
non-reversing and reversing signals, respectively. Hence, it is
possible to visualize Ty in isolation (Coleman and Craig, 1996,
Craig and Royall, 1995; Yu, 2000). In modulated DSC the mea-
surement conditions were as follows: start temperature: 25°C,
heating rate: | °C min_l, amplitude: 1 °C, period: 60s, and end
temperature: 75 °C.

2.5, Hot-stage microscopy (HSM)

HSM observations of morphoelogical features and changes
during heating were carried out with a Leica MZ6 microscope
(Wetzlar GmbH, Germany) equipped with a Leica 350 heating
stage and a JVC TK-1280E (Japan) colour video camera. The
different types of samples (untreated, freshly solidified and aged)
were observed under the microscope by using a scanning speed
of 1 *C min—'. Data were imported into a computer and captured
images were analysed by using the Leica Q500MC program.

2.6, X-rav powder diffraction (XRPD)
XRPD profiles were taken with a Philips X-ray diffractometer

(PW 1930 generator, PW 820 goniometer). The measurement
conditions were as follows: Cu Ko radiation (L =0.15418 nm),
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40kV, 35 mA. The basal spacing (dp ) was calculated from the
diffraction peaks by using the Bragg equation. The XRPD pat-
terns were determined on untreated, freshly solidified and aged
samples.

3. Results

The TG, DTG and DTA curves of untreated samples were
determined by investigations with a derivatograph. The TG
results showed that the mass loss of samples heated to 100°C
was less than 1%, i.e. the SEs did not include water adsorbed on
their surface or any volatile component. In response to heating,
endothermic changes were observed in the DTA curves of all the
5Es, and more peaks were manifested by SEs with lower HLB
values.

To determine the exact melting points, DSC studies were
performed. The DSC scans (Fig. 1, curves 1) revealed that the
melting points (mp) and melting ranges of P1670 and S 1670 and

their enthalpies were very similar, while the melting of SEs with
lower HLB values was prolonged, with more peaks (Table 3).
The probable cause of this was, that the studied SEs with high
HLB values included only mono-, di- and triesters, while the
SEs with lower HLB values contained tetra- and pentaesters too
{Table 2).

The effects of a second heating were also studied. The melted
SE in the DSC pan (after the first heating) was cooled to 25°C

Table 3
Thermal parameters of SEs during first heating

S5E Melting range (*C}) mp (*C) Total enthalpy (Tg=')
P1&70 41-62 51 —66.6
31670 45-62 B —66.7
5970 3665 50 and 34 =757
3370 45-66 54 and 64 —55.7
B370 51-719 66 and 77 —68.4
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at a rate of 2°C min~"', and then heated again at a heating rate of
1°C min™ to 100°C (second heating). The results are illustrated
in Fig. | by curves 2. The DSC curve of second heating demon-
strated that there were no more endothermic changes for P1670,
and for S1670 and 5970 the changes were negligibly small.
Accordingly, the crystal structures of SEs with high (P1670 and
51670) or moderate (S970) HLB values, which can be character-
ized by melting points (Fig. 1, curves 1) broke down during the
first heating and could not recrystallize during cooling. Thus,
curves 2 in Fig. | (second heating) exhibit the characteristics
of amorphous materials. 5370 has two endothermic peaks, but
during the second heating one peak disappeared and the melting
range decreased. B370 seemed to be the most stable material: the
melting ranges in the first and second heatings were the same and
the shapes of the curves did not change: only the total enthalpy
decreased slightly (<51 g‘l) {Table 4).

(c)

Fig. 2. HSM pictures of untreated S 1670 at 25 °C (a), 65°C (b) and 100 °C (c), and of unteeated S370 at 25 =C (d), 70°C () and 100°C (f).

Table 4

Thermal parameters of SEs during second heating

SE Melting range (“C) mp (*C) Total enthalpy (Jg_l)
P1&6T0 - - -

S1670 - - -

S970 - - -

S370 54-66 64 =31

B370 52-79 64 and 76 —63.9

Consequently, there was probably a change in the structures
of the SEs with high HLB values during heating. According to
XRPD investigation, alpha form of the SEs with a hexagonal
structure was characterized for all excipients which broke down
and built up during the heating and cooling processes. SEs with
low HLB values (S370 and B370) had faster recrystallization but
the rearrangement of the stucture of SEs with high (P1670 and
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51670) or moderate (S970) HLB values was very long. So, this
led to an amorphous state. Amorphous materials can be char-
acterized with the glass transition temperature (Tg) instead of
the melting point. The determination of Ty by the conventional
DSC method is difficult, because Tg is often concealed by or
overlapped with other thermal events which take place in par-
allel. The results of our MTDSC measurements revealed that
SEs with high (P1670 and S51670) or moderate (5970) HLB val-
ues undergo a glass transition, which coincides with the melting
points of the materials (Table 5).

To visualize the changes in the samples during heating, HSM
was used. This technique is complementary to DSC and may
help in the interpretation of the DSC results. The photographs
in Fig. 2 shows the morphology of SEs with high (51670) or
low (5370) HLB values before heating (at 25 °C) and after their
melting (S1670: 65 °C, and S370: 70°C). While SEs with high

s P1670

Alweek

Table 5
Melting points and glass transitions during first and second heatings

First heating Second heating

mp (*C) T 1°0) mp (*C) T (°C)
P1670 51 - - 50
51670 54 - - 5l
5970 50 and 54 - - 53
S370 54 and 64 - 64 -
B370 66 and 77 - 64 and 76 -

HLB wvalues (e.g. 51670y only became soft, but did not flow,
lipophilic SEs (e.g. S370) melted. SEs with high or medium HLB
values did not melt during the first heating: their melting points
detected in the DSC curves were truly their glass transitions
{Table 5).
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Fig. 3. DSC heating curves of SEs obtained from untreated (L)
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During the preparation of the melts the SEs with high (P1670
and 51670) or moderate (S970) HLB values did not become fluid
even at 100 °C, in contrast with the lipophilic (S370 and B370)
SEs, as expected from the HSM study (Fig. 2¢ and f). If we wish
to prepare a solid dispersion of a drug with a high melting point,
this can be a problem if SEs with high HLB values are used, as
their melts do not flow.

With respect to the processing, it is important o know
whether the changes in structure of these materials are irre-
versible, or whether the original morphology of the samples is
recovered in time. To study this, melts of SEs were prepared and
their changes in time were examined in comparison with the ini-
tial state. The melling ranges of freshly solidified (F) and aged
(A lweek or Adweek) samples were measured, their normalized
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enthalpies were compared with the enthalpy of the untreated
sample (U), and the crystallinity index (CI) was calculated.
The melting behaviour of samples after melting and selidifi-
cation differed from that of untreated samples, and it changed in
time (Fig. 3 and Table 6). The freshly solidified (F) P1670 started
to melt 2 °C earlier than the untreated (L) sample and its melting
also finished earlier. In the DSC curve of the solidified sample, a
small peak appeared after 1 week (A lweek), which was not char-
acteristic of the untreated sample (U). After 1 month (Adweek),
the sizes of the two peaks had changed: the melting point had
drawn nearer to that for the untreated sample, but was lower: on
the other hand, the enthalpy determined by the melting range was
the same as that for the untreated sample. The melting points of
the freshly solidified (F) and aged (A l week and Adweek) S1670
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Fig. 4. X-ray patterns of SEs with high HLE values, obtained on untreated {U), freshly solidified (F) and aged (A lweek and Adwesk) samples (a) P1670, (b S1670.



A, Szdity et al. ¢ International Jowrnal of Pharmaceatics 3362007 ) 100207 205

Table 6
Effects of treatment and storage of SEs
Melting range (*C) Enthalpy (Jg™") CIL{%)
P16T0 F 39-56 —37 55.6
Alweak 3752 —423 63.5
Adweek 3561 —66.6 100
u 41-62 —66.6 100
51670 F 39-60 —35.7 53.5
Alweek 3861 —49.6 T4.4
Adueek 3862 —64.3 96.4
u 45-62 —66.7 100
5970 F 33-68 —30 39.6
Alwesk 35-68 —529 69.9
Adweak 3468 —638 B4.3
u 3665 =757 100
8370 F 5967 —35.2 63.2
Alweak 3869 —50.3 90.3
Adweek 39-69 —357 100
u 45-66 —357 100
B2T70 F 55-78 —57.5 841
Alweek 56-79 —63.6 93
Adweek 55-78 —66.4 971
u 51-79 —68.4 100

were decreased by 2 °C as compared with that of the untreated
sample, but the shape of the curve did not change considerably:
it was characterized by one sharp peak. 5970 crystallized very
slowly after melting and solidification; in contrast with the other
SEs, its CI was not 100% restored after 1 month (Table 6). The
melted S370 had only one endothermic peak after solidification
(F), but after 1 week (Alweek) the other peak characteristic of
the untreated sample appeared. The melting started 7 °C earlier,
and thus the melting range was increased as compared with that
for the untreated sample. For B370, one of the two peaks like-

wise disappeared after melting and solidification (F), and did not
appear even after 1 week (Alweek) or 1 month ( Adweek) later.
However, the normalized enthalpy nearly reached the enthalpy
of the untreated sample (Table 6). It is probable that, similarly
to other fatty acid derivatives, SEs transform from one poly-
morph to another during storage (Hagemann, 1988; Siekmann
and Westesen, 1994 Sutananta et al., 1994; Hamdani et al., 2003
Schubert et al., 20035).

After storage for 1 month (Adweek), the heats of fusion of
aged samples drew near to the enthalpy of the untreated sample,
which means that the structures of all the SEs are apparently
restored in time. This is in accordance with the finding of Laine et
al. (1988), that solidified triglycerides have partially amorphous
layered structures, which gradually crystallize during storage.
DSC measurements indicated that, even if the total enthalpies of
aged samples reached the enthalpy of the untreated sample, the
shape of the DSC curves was different from that of the curve of
the initial material, i.e. the original structure was not recovered.

Hence, even if the molecular dispersion of a drug in SEs
is successful, it is not sure that this advantageous state can
be maintained, because the structure of the SE is continuously
changing.

To confirm the DSC results, X-ray analysis was performed
on untreated (U}, freshly solidified (F) and aged (Alweek and
Adweek) samples. The DSC curves of PL670 and 51670 were
similar (Fig. 1, curve 1), and the same can be said about their X-
ray diffraction patterns (Fig. 4a and b, U). Both SEs have ordered
structures: four distinct peaks (P1670: 26=2.27, 4.5%, 6.8% and
9.279, 51670: 260 =2.27, 4,47, 6.6 and 8.97) and nearly the same
basal spacing (these are given in Figs. 4-6, in nm), characteristic
of stearic acid. S970 has a more complex structure: it contains
more di- and triester, and also a little tetraester. Moreover, S370
and B370 include pentaester too (Table 2). In consequence of
the presence of these components, the characteristic diffrac-
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Fig. 5. X-ray patterns of 5970, obtained on untreated (L7, freshly solidifizd (F) and aged { Alweek and Ad4week) samples.
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Fig. 6. X-ray patterns of SEs with low HLE values, obtained on untreated (17, freshly solidified (F) and aged (A l'week and Adweak) samples: {a) 5370, (h) B270.

tion peaks disappeared from the X-ray diffractograms and the
interlayer spacings increased. The untreated S970 (Fig. 5, U)
had three (26=1.6", 2° and 4.4%), S370 (Fig. 6a, U) had two
(26= 1.5 and 4.5%), and B370 (Fig. 6b, U) had three (26=1.37,
1.9% and 3.9%) characteristic peaks. After melting and solidi-
fication, the structures of all the SEs were changed, the basal
spacings and counts were modified and in almost all cases one
of the characteristic peaks had disappeared, which was prob-
ably induced by the polymorphism of the fatty acids. In the
diffractograms of melted P1670 and 51670, only three peaks
were observed in comparison with the untreated sample, where
four peaks were found. The P1670 peak at Y.2°, and the 51670
peak at 8.97 disappeared (Fig. 4a and b). The peak intensities
decreased (practically only the first signal could be seen) and the
basal spacings increased. Of the three peaks of untreated S970,
after melting and solidification the second signal (26 =27) had
disappeared and was not recovered even 1 month later (Fig. 5).
The X-ray pattern of S370 (Fig. 6a) did not exhibit such a large

change in counts as for SEs with high HLB values, but the basal
spacings were modified in this case too. The change in degree
of crystallinity for B370 was smaller, and the count fluctua-
tion was slight, but the second signal (28=1.9%) disappeared
and the morphelogy of the untreated sample was not restored
(Fig. 6b). These X-ray observations are in accordance with the
DSC results, since the shapes of the DSC curves changed contin-
uously, the melting range varied after treatment and the original
shape of the curve {characteristic of the untreated sample) was
not regained even after storage for | month.

4. Discussion

The aims of this work were to study the thermal properties of
SEs and to evaluate their applicability in hot-melt technology.
SEs with various HLB values can be used to influence (increase
ordecrease) the rate of dissolution of drugs, and hence to change
the development of the effect. Due to their low melting points,
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they are promising carriers for the melting method. For this rea-
son, we searched for a relation between their thermal behaviour
and HLB values.

The results of DSC and HSM revealed that SEs with high
(P1670 and S51670) or moderate (S970) HLB values have a
glass transition temperature ( Ty ) instead of a melting point. They
soften during heating, whereas SEs with low HLB values (S370
and B370) melt and then quickly recrystallize from their melis.
However, the original structure does not retum either for SEs
with high or moderate, or for SEs with low HLB values: after
melting and solidification, their melts continuously change. The
DSC scans and X-ray patterns of samples stored for up to 1
month do not display the same picture as that for the untreated
samples. There are other excipients which are used in hot melt
technology and change during aging. Shimpi et al. (2004) and
Sutanantaet al. (1995) studied the effect of preparation condition
and storage on the rate of drug release from the hydropho-
bic Gelucire and they reported an increase in drug release
caused by phase transformation. Saers et al. (2002) examined
the effect of storage on drug dissolution from solid dispersions
with PEG 3000 or xylitol and observed that the dissolution rate
of drug was unchanged during storage. These results demon-
strate that changes in morphology must be considered during
research and development. This is especiall important as con-
cerns molecular dispersed materials (amorphous state) in SEs. In
consequence of the changes in structure, a drug can partially or
completely assume a crystalline form, which can entail a lower
disselution rate or the appearance of an undesirable polymorph
form.
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Suemmary

Sziits, A, O. Laczkovich, P Reisi Nassab, Z.
Afgner, P Szabd-Révész Aapplicability of sugar
esters in hot-melt technology

Owe of the most important tasks in pharmaceutical technology is
the optimization of drug release. The hot-melt technology is an im-
portant method with which to modify the bioavailability. Sugar
esters (SEs) have a wide range of HLB values (1-16). Due to their
low melting points, they are promising carriers for the melting
method.

The afms of the present work were to study the thermal pro-
perties (DSC) and the structures (XRPD) of SEs with low,
medium or high HLB values, and to evaluate their applicability in
the hot-melt technology. Relationships were found between the
HLB walue, the structure and the thermal behaviour. After melting
and solidification, the SEs have partially amerphous layered struc-
tures which slowly crystallize in time; the original structure does
not return for SEs with high, moderate, or low HLB values. These
results demonstrate that changes in morphology must be conside-
red during research and development. During the examination of
meloxicam-SE melted products the SEs influenced the drug re-
lease, depending on their HLB values. In the cases of ibuprofen-SE
melted products, the SEs did not influence the drug release. Here,
a change in the drug distribution was the predominant effect,
which was accompanied by movement in the SE structure.

Osszefoglalas

A gydgyszertechnoldgiai kutatds fontos feladata a hatéanyag-
felszabadulis optimilisa. Az olvadéktechnoldgia a bioldgiai hatds-
kifejlddés mddesitdsdnak egyik fontos médszere. Az olvadék-
technoldgia igéretes segédanyagai a cukorészterek, amelyek ala-
csony olvaddspontil és széles HLB spektrummal (1-16) rendelkezd
segédanyagok.

Munlkednk sorin kis, kizepes és nagy HLB értékii cukorészterck
termikus viselkedését (DSC), szerkezetét (porvintgen) és olvadék-
technologini alkalmazhatosigit vizsgiltuk. Osszefilggiseket
taldltunk a HLB érték, a szerkezet &s a termikus viselkedés kizitt.
Megillapitottuk, hogy olvasztis és dermesztés utin a cukorész-
terek szerkezete folyamatosan viltozik, amit nem szabad figyelmen
kiviil hagyni a kufatd és fejlesztd munka sordn. Meloxicam-
cukorészter olvadékok esetében a cukorészterek HLB értékiiknek
megfeleléen modositottik a hatoanyagfelszabaduldst. Ibuprofen-
cukorészter olvadékok vizsgdlata alapjin viszont megdllapithato
volt, hogy a cukorészterek HLB értéke nem befolydsolta a hato-
anyag kiolddddsdt. Ez utdbbi esetben a cukorészterek szerkezeti
viltozdsdt kisérd hatdanyag-eloszlis megudltozdsa volt a meg-
hatirozo.

Bevezetés

A cukorészterek j6l ismert segédanyagok az élel-
miszer- és kozmetikai iparban, s alkalmazdsuk
egyre inkdbb el6térbe Kertil a gyogyszerészetben is.
Szintelenek, szagtalanok, nem toxikusak, nem irri-
taljak a szemet és a bért, biodegradabilisak. Att6l
fiiggben, hogy milyen hosszi szénlanci zsirsav

* Aszerzék tiszlelettel addznak ezzel a publikacidval prof. emer.
dr. Ricz Istvin, a Semmelweis Egyetem Gydgyszerészeti
Intézet egykori tanszékvezetGje és a Gyogyszerésztudomanyi
Kar egykori dékinja emlékének.

** LevelezG szerzé: Szaboné Révész Piroska, Szegedi Tudemany-
egyetem Gydgyszertechnolégiai Intézet, Szeged, Eotvis u. 6.
— 6720; Tel: (36-62)-545-570, Fax: (36-62)-545-571, E-mail:
revesz@pharm.u-szeged.hu

észterezi a szachardzt és mekkora az észterezettség
foka, ktilonbozd HLB értéki (1-16) termékek allit-
hatok el6 [1]. Ez a széles HLB spektrum sokirdnya
alkalmazdst tesz lehetévé. Gyodgyszertechnoldgiai
vonatkozdsban lehetnek emulgensek [2], kristédlyo-
soddas-gatlok [3], lubrikdnsok [4], nedvesitdszerek
és oldodast elGsegitd vagy retardizald segédanya-
gok [5-11].

Szerkezetiik nagyon dsszetett. Miutdn a szacha-
roz 8 hidroxil-csoporttal rendelkezik, 8 zsirsavval
észteresithetd, melyek szénldncanak hossza is
valtoztathatd. Minél nagyobb az észterezettség fo-
ka, anndl kisebb a HLB érték, vagyis annal lipo-
filebb a cukorészter (1. ibra).

Az 1995-ben bevezetett biofarmdciai osztdlyoza-
si rendszer (BCS) alapjdn a hatéanyagok 4 csoport-
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1. dbra: Cukorészterek észtevezettségl foka és
HLB értéke kozitti dsszefilggds

ba oszthatok oldékonysdguk és permeabilitisuk
alapjdn [12]. Amennyiben gyors hatasa készit-
ményt szeretnénk formuldlni, a rossz vizoldékony-
sdgu hatéanyagok (IL, IV. osztdly) oldédasi sebes-
ségét novelni kell. Ha pedig a hatds megnyijtdsa
a cél, a j6 vizoldékonysagu farmakonok (L., IIL
osztaly) oldédasi sebességét sziikséges csdkken-
teni. Az elébbi esetben nagy HLB-jd, hidrofil se-
gédanyagok, az utdbbi esetben pedig a kis HLB
értékd, lipofil hordozdk alkalmazasdval érhetiink
el eredmeényt.

Célunk volt megvizsgdlni, hogy hasznilhatok-e
a cukorészterek farmakonok oldoddsi sebességének
modositdsdra olvadéktechnolégiai modszerek al-
kalmazasdval. Miutdn az irodalomban ismeretlen
volt ezen segédanyagok termikus viselkedése és
fizikai-kémiai sajdtsdgai, igy ennek felderitésére
termoanalitikai méréseket és porrontgen vizsgdla-
tokat végeztiink, majd tanulmanyoztuk a cukor-
észterek HLB értékének befolydsat a meloxicam €s
az ibuprofen oldodasi sebességére.

Kisérleti rész
Anyagok

Vizsgélatainkban nagy (51670), kdzepes (S970)
és kis (5370) HLB-jd cukorésztereket (1. tiblizat)
alkalmaztunk, amelyek szer-
kezetét, termikus viselkedé-
sét és oldoddsi sebességet

gvulladdscsokkentd, rossz vizoldékonysagu mieloxi-
camot és ibuprofent (BCS IL osztaly) hasznaltuk.
A meloxicam olvadaspontja magas (258 °C), mig az
ibuprofené 78 °C, tehat kozel esik a cukorészterek
olvadéspontjdhoz.

Mintidk eldillitisa

A hatéanyag nélkiili olvadékok el6allitasandl
a cukorésztereket porcelintégelyben, szdritoszek-
rényben megolvasztottuk (100 °C), az olvadékot
hiitve dermesztettiik, majd poritottuk és szitaltuk
(200 um), s szobah&mérsékleten (20 + 2°C) taroltuk.

A hatéanyagtartalmu olvadékok esetén a meg-
olvasztott cukorészterben azonos mennyiségt me-
loxicamot, illetve ibuprofent keveréssel eloszlattunk
(1:1 ardny), az olvadékot hiitve dermesztettiik, po-
ritottuk és szitaltuk (200 um), s szintén szobahd-
mérsékleten tdroltuk.

Vizsgdlati modszerek
Termoanalitikai vizsgdlatok

A cukorészterek termikus viselkedését Mettler
Toledo 821° késziilékkel végeztiik, argon gdz
alkalmazasaval. 10 mg cukorésztert melegitettiink
zart DSC tégelyben, 25 °C-t6l 100 °C-ig, 1 °C/perc
ftitési sebességgel.

A cukorészterek iivegesedési homérsékletét (Tg)
moduladlt DSC alkalmazdsaval hataroztuk meg.
E mérés soran 25 °C és 75 °C kozott, 1 °C / perc flitési
sebességet alkalmazva vizsgaltuk az anyagokat.

Porrintgen vizsgilatok

A Rtg-diffrakciés méréseket Thilips X-ray
diffraktometer (PW 1930 generdtor, PW 1820
goniométer) késziilékkel végeztiik. A mérési pa-
raméterek a kovetkezdk voltak: CuKa sugdrzds
(A = 0.15418 nm), 40 kV, 35 mA. A laptivolsi-
gok meghatdrozdsa a Bragg egyenlet segitségével
tortent.

I. tdbldzat

Cukorészterek gydrtd dltal megadott adatai [1]

befolysisolc’) hatisat hasonli-  Gulkorészter| Eszterezs HLB Op Eszterezeﬂség
tottuk Ossze. T [C] foka
A hatdanyag-felszabadu- 51670 szlearat (C18) | 16 56 mono-,di- triészter
las Vizsgé]atahoz modella- 5970 szlearat (C18) ] 56 mono-, di-, tri-, tetraészter
nyagként! a nem szteroid 5370 sztearat (C18) 3 58 és 69 | mono-, di-, tri-, tetra-, pentaészter




Acta Pharmaceutica Hungarica 3

2007 /2.
W N i
— - -
-
\
— \ K970
-~ T -—-\,\“_\‘ I'-,J'Ill_r/’ —
Vo
II |
| f
- I'ul ) 8370
T~ H\J/'I
3 3 5 40 45 B -] L) &5 m
2. dbra: Cukorészterek DSC felvétele (1. fiités)

Hatoanyag-kioldodasi vizsgilatok

A vizsgdlatokat kapszula gyoégyszerformabdl,
Pharmatest forgolapatos kioldo késziilékkel végez-
tik (100 rpm, 37 + 0,5 °C). Mintdkat 5, 10, 20, 30, 60,
90 és 120 perc utdn vettiink. A hatéanyag-tartalom
meghatdrozdsa spektrofotometridsan (Unicam
UV /Vis spektrofotométer) tortént [A = 362 nm (ne-
loxicam) és k. = 264 nm (ibuprofen)].

A kiold6 kézeg meloxicam esetében 900 ml mes-
terséges bélnedv (pH =7,5 £ 0,05), ibuprofen eseté-
ben pedig 900 ml mesterséges gyomornedv (pH =
1,1 + 0,05) volt.

Eredmények

A cukorészterek olvadaspont meghatirozasahoz
DSC-vizsgdlatokat végeztiink. A kapott gorbék (2.
idbra) alapjan megdllapithaté, hogy a kisebb HLB-jt
cukorészterek olvaddsa elhtizodobb és két endo-
term cstcsot is mutat, szemben a nagyobb HLB-jd

W B $1670
— S970
5m e ——— :
T _ §370
V4
il ) ko] 40 45 S 55 =) a5 il 1}

3. dbra: Cukorészterek DSC felvétele (2. fiités)

cukorészterekkel, melyek DSC giorbéjén csak egy
éles endoterm peak figyelheté meg. Ennek oka az
lehet, hogy mig a nagy HLB-jl cukorészterek csak
mono-, di- és triészterekbdl épiilnek fel, addig a kis
HLB-jti termékek tetra- és pentaésztereket is tar-
talmaznak (lasd I. tibldzat).

Megvizsgéltuk az djboli f(ités hatdsdt is a cukor-
észterekre. A DSC tégelyben megolvadt cukorész-
tert (1. fiités) lehdtottiik 25 °C-ra, majd ismételten
melegitettitk 1 °C/perc sebességgel (2. fiités). Az
eredményeket a 3. dbra szemlélteti.

A gorbék lefutdsa alapjan megallapithato, hogy
anagy (51670) és a kbzepes (S970) HLB-j(i termékek
szerkezete az elsd f(itésnél letort és nem volt le-
het&sége a hfitéssel egyidében visszarendez&dni,
vagyis amorf anyagra jellemz6 gorbéket latunk
a masodik ftités sordn. Az S370 két olvaddsponttal
jellemezhetd, de a lehfilés és qjboli flités hatdsdra
az egyik cstics eltfinik, s ezzel egyiitt az olvadasi
tartomany is lecsokken.

11 tidblazat
Olvaddspont és divegesedési himérséklet értékek
az elsd és misodik fiités sordn

Cukorészter Elsd fités Masodik fités
Op°C] | Tg[°CI | Op PCI | Tg[°Cl
S1670 54 - - 51
S970 50 és 54 - - 53
S370 54 és 64 - 64 -

Moduldlt DSC segitségével kimutattuk, hogy
a nagy (51670) és a kozepes (5970) HLB-jd cukor-
észterek rendelkeznek tivegesedési homérséklettel,
és ez egybeesik az elsé ffitéskor tapasztalt olvadas-
pontjukkal (II. tablazat).

Az eltérd észterezettségi foknak megtelelGen
Rtg-diffraktogramjuk kiilonb6zé mértékd rende-
Zettségre utal. A kisebb észterezettségi fokkal ren-
delkez6 szteardtszarmazék, az 51670 Rig-diffrakto-
gramjdn a sztearinsavra jellemzé reflexiosor jelenik
meg, rendezett szerkezet jellemzi, j61 kimérhetd
laptivolsagokkal (4,14 nm, 2,04 nm, 1,34 nm, 0,99
nm, 26 = 2,2°, 44°, 6,6°, §,9°). A tobb komponens
hatasdra az S970 Rtg felvételén nem kiiloniilnek el
olyan karakteresen a reflexios pontok, kevésbé
rendezett szerkezetjellemzi (5,78 nm, 4,45 nm, 2,00
nm, 26 =1,6°,2°, 4,4°). A legSsszetettebb S370 eseté-
ben megsziinnek a rendezett szerkezetre utalo ref-
lexios pontok, csak két cstics jelenik meg (6,08 nm,
2,00 nm, 26 =1,5°,4,5°) (4. dbra).
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4. dbra: Cukorészterek Rtg-felvétele

A feldolgozas szempontjdbdl fontos tudni, hogy
az anyagok szerkezetében bekdvetkezs valtozasok
megmaradnak vagy esetleg iddvel visszaalakul
a kezdeti dllapot. Ennek tanulmdanyozdsara cukor-
észter-olvadékokat készitettiink és egy hoénapig
vizsgaltuk a valtozast a kiindulasi allapothoz ke-
pest. Olvasztids és dermesztés utdn mindegyik
cukorészter szerkezete megvaltozik, médosulnak
a laptavolsagok, a kristdlyos és amorf fizisok ard-
nydt tiikkrozo iitésszamok €s majdnem minden eset-
ben megsziinik az anyagra jellemzé valamely ka-
rakterisztikus cstics a Rtg-diffraktogramon, amit a
benniik 1év§ zsirsavak polimorfidja okozhat. A DSC
gorbék alapjan megdllapithat6, hogy az olvasztis
majd dermesztés utin kapott minték olvadasi tulaj-
donsdga is eltér a kiinduldsi anyagétdl [13].

Az eltérd HLB értékd cukorészterek alkalmasak
lehetnek a farmakonok oldédasi sebességének befo-
lyasolasdra (novelésére, csokkentésére), s ezzel
a hatds kifejlédésének megvaltoztatisara. Modell-
anyagként a nem szteroid gyulladdscsokkentd re-
loxicamot és ibuprofent haszndlva, olvadékokat
készitettiink a kiilonb6zé HLB értékd cukorészte-

e ME
—e—ME-S1670

100
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70 £

a0 /

ig —s— ME -S870
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§ | ——ME-S270

kioldédott meloxicam (%)
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idd (perc)

5. dbra: Meloxicam és meloxicam-cukorészter
olvadékok (1:1) kiolddddsi gorbéi

rekkel és megvizsgdltuk, hogyan befolydsoljak
a hatdanyag-felszabadulést. A hatéanyag €s a cu-
korészter ardnya az olvadékban 1:1 volt.
Vizsgdlataink alapjin megallapitottuk, hogy
a tisztan meloxicamot tartalmazo kapszulabdl, bél-
nedvben, 2 6ra alatt, minddssze 33%-a szabadul fel
a hatéanyagnak. A hidrofil 51670 és meloxicam
1:1 ardnyu olvadék esetén 70%-a, az 5970 esetén
35,5%-a oldédott fel a hatéanyagnak. A lipofil 5370
lassitotta a hatGanyag-felszabadulast, alkalmazésa-
kor a meloxicam 23%-a old6dott fel mesterséges
bélnedvben a vizsgalt 2 éra alatt (5. dbra).
Vizsgalataink alapjin megdllapithato, hogy anagy
HLB-jt, hidrofil 51670 jelentGsen meggyorsitja, mig
a kis HLB-jd, lipofil S370 lassitja a meloxicam kiol-
dédasat. A kbzepes HLB értékkel rendelkezs S970
csak kis mértékben modositotta a hatdanyag-fel-
szabaduldst. Ezen eredmények azt mutatjak, hogy

20
= 15
*g ——|BU-51670
..E i | EL-5870
g ——BU-8370
5 — B
2
c
3

5

gﬁrﬁh
1] . -
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6. dbra: Ibuprofen és ibuprofen-cukorészter
olvadékok (1:1) kioldoddsi gorbéi

a kiilonboz6 HLB-jd cukorészterek alkalmas segéd-
anyagok lehetnek az olvadéktechnologiaban, hato-
anyagok oldédési sebességének modositdsara. Az
oldéddsi sebességet a hatéanyag—segédanyag ard-
nydnak viltoztatdsaval is lehet médositani, a cukor-
észterek ardnydnak novelésével tovdbb névelhetd
vagy csokkenthet6 a hatbanyag-felszabadulds mér-
téke [11].

Nem minden hatéanyag esetében érvényesiil
azonban a cukorészterek oldoddsi sebesség modo-
sitd hatdsa. J6 példa erre a szintén rossz vizoldé-
konysdgti ibuprofennel elGallitott termékek vizsgdla-
ta, ahol a kis HLB értékkel rendelkezd S370 ugyan-
olyan iranyban és mértékben (nagyon kicsi noveke-
dés) valtoztatta az ibuprofen kiold6désat, mint
a nagy HLB-jti S1670. Ebben az esetben a cukorész-
terek nem a HLB értékiiknek megtelel6en médosi-
tottdk a hatéanyag kioldéddsat, tehdt nem érvé-
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nyesiilt a cukorészterek nagy HLB értékébdl ad6do
szolubilizalé hatas. Ervényesiilt viszont a cukor-
észterek szerkezeti valtozasaval Gsszefiiggd hatd-
anyag eloszlds megvaltozdsa (6. dbra).

Kovetkeztetések

Kisérleteink alapjan megdllapithat6, hogy a cu-
korészterek alkalmazhaték az olvadéktechnol6-
gidban, de nem minden hatéanyag esetében. HLB
értékiiktdl figgden képesek maodositani egyes hato-
anyagok oldoddsi sebességét (meloxicam), s ezaltal
a biologiai hatdskifejlédést. A nagy HLB-jd cukor-
észterek ajanlhatok rossz vizoldékonysdgt, a kis
HLB-jtiek pedig jo vizoldékonysaggal rendelkezd
hatéanyagok old6dasi sebességének modositdsdra.
Amennyiben gyorsitani szeretnénk valamely hato-
anyag kioldodasat, leginkabb a nagy monoészter-
tartalmd, révid szénlanct zsirsavakkal észterezett
cukorészterek ajanlhatok erre a célra. Azonban
a cukorészterekben bekovetkezs szerkezetvaltozast
nem szabad figyelmen kivill hagyni a gyogyszer-
fejlesztés sordn, mert a szerkezeti viltozds miatt
a hatéanyag részben vagy egészében kristalyos for-
mat Olthet (ibuprofen), ami egyiitt jarhat annak
rosszabb oldédasi sebességével vagy egy nem ki-
vdnatos polimorf forma megjelenésével.

Koszdnetnyilvanitas
Koszonetilleti dr. Dékiany Iinre akadémikus urat,

aki lehet&vé tette, hogy a Rtg-vizsgdlatokat az altala
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Sucrose esters (SEs) have a wide range of hydrophilic-lipophilic balance (HLB) values ( 1-18), and hence
canbe applied as surfactants, or as solubility or penetration enhancers. In general, SEs are used in hot-melt
technology, because of their low melting points, but literature data are not available on the effects of active
agents on the structures of SEs and the possible solid-state interactions. In this study, drug-5E products
were prepared by melt technology and investigated by differential scanning calorimetry (DSC), X-ray
powder diffraction (XRPD), rheological measurements and dissolution tests. The model drugs meloxicam
and diclofenac sodium and three SEs with different polarities (P1670, 5970 and B370) were chosen for the
preparation of the products.

The DSC and XRPD results revealed that the structures of the SEs were rearranged, with a decrease in the
degree of crystallinity. The dissolved drug molecules broke down the structures of the SEs, but were not
buile inta the crystalline phase of the carrier. The dissolution of the drugs was influenced by the different
HLB values and gel-forming behaviour of the SEs, and also by the polarity of the drug and the interactions
between the drug and the SEs.
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1. Introduction

Hot-melt technology is frequently used to influence the disso-
lution rate and bioavailability of drugs [1-3]. Many carriers are
used in melt technology, such as PEGs, PVP, glycerides or manni-
tol, and their physicochemical properties are well known [4-8].
Sucrose esters (SEs) too, are applied in hot-melt technology, but
the information available on these carriers is not sufficient and
further investigations are needed. SEs are non-ionic surface-active
agents consisting of sucrose as hydrophilic moiety and fatty acids
as lipophilic groups. Through variation of the type or number of the
fatty acid groups, a wide range of HLB values can be obtained [9].
SEscan be applied in pharmaceutical technology as emulsifiers, sol-
ubilizing agents [10,11], liberation and absorption enhancers [12]
or lubricants [13]. In most cases, SEs are used in melt technology
to improve the bioavailability of poorly water-scluble materials.
For example, 51670 (HLE=16) has been utilized to improve the
rate of dissolution of glybuzole [14]. Marton et al. used three SEs
with HLBE = 16 (51670, L1695 and M 1695) to increase the rate of dis-
solution of spironolactone [15]. They found a linear relationship
between the amount of drug dissolved and the SE concentration.

¥ Corresponding author, Tel ; +36 62 54557 2; fax; +36 62 545571,
E-matl address; revesz@pharm u-szeged hu (P Szabd-Révész),

0731-7085/9 - see front matter © 2008 Elsevier BV, All rights reserved,
doi: 10.1016/j,jpba.2008.08.028

Csdka et al. influenced the dissolution of ibuprofen with SEs with
different HLB values [16]. Seiler et al. examined the possibility of
preparing CR matrix formulations of theophylline with the use of
S1670 by hot-melt extrusion. Although 51670 is hydrophilic, its for-
mulations underwent controlled drug release [ 17]. The results can
differ considerably: SEs with high HLB values are used to increase aor
sometimes to slow downdrug release. To be able to predict the drug
release, it is necessary first to understand the material properties.
The cause of different and unanticipated behaviour can be an inter-
action between the drug and the excipient. Hence, it is important to
evaluate not only the character of the individual materials, but also
the possible interactions. This is a crucial part of normal studies
up to the final formulation setting of a solid dosage form [18-24].
We earlier studied the influence of thermal treatment of SEs on
the structure without active agents [25]. The aim of the present
work was to examine the effects of active agents on the thermal
behaviourand structures of SEs and the effects of the drug-SE solid-
state interactions on the drug release. In this respect, examinations
of SEs have not been published in the literature so far.

2. Materials and methods
2.1. Materials

The following SEs were kindly provided by Syntapharm GmbH
(Germany): P1670(HLB~ 16), 5970 (HLE=-19) and B370 (HLB = 3).
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Meloxicam (ME] was supplied by EGIS Ltd. (Hungary).
Diclofenac sodium (DS) was from Sigma Co. (Hungary).

The particle sizes of the drugs: d{0.9)-65um for ME, and
d(0.9)=6 pm for DS.

2.2, Sample preparation

Drug-SE physical mixtures (in a ratio of 1:1) were melted in
a porcelain dish in an oven (Factory for Laboratory Equipment,
Budapest, Hungary, Labor type 123), with heating from 25 to 100 =C,
and then cooled back to room temperature. After melting and solid-
ification, the freshly solidified samples were pulverized in a mortar
and sieved to 200 pm.

For comparison of the results, we used the commercial SEs and
the melted and solidified SEs without active agent. The notations
applied: for the melted and solidified samples (for the SEs and
drug-SE products): “melt” {e.g. ME-P1670{melt)).

2.3. Differential scanning calorimetry

DSC studies were performed with a DSC 821¢ (Mettler-Toledo
GmbH, Switzerland). The instrument was calibrated by using
indium. Samples of 10 mg were heated in a sealed aluminium pan.
Measurements were made in an M, atmosphere at a flow rate of
50ml min—'. The samples were heated from 25 to 300°C at a heat-
ing rate of 10°Cmin~".

24, X-ray powder diffraction

XRPD profiles were taken with a Philips X-ray diffractometer
(PW 1930 generator, PW 1820 goniometer ). The measurement con-
ditions were as follows: Cu Ko radiation (A =0.15418 nm), 40 kV,
35mA. The basal spacing (d; ) was calculated from the diffraction
peaks by using the Bragg equation.

2.5, Contact angle measurements

The contact angle {#) of the solids was determined by means
of the sessile drop technique, using the OCA 20 Optical Contact
Angle Measuring System (Dataphysics, Filderstadt, Germany). Con-
tact angles must be measured with several liquids in order to assess
the surface free energy of a powder. In the method of Wu, two lig-
uids with known polar Ifylpjl and dispersion (VF) components are
used for measurement [26]. The solid surface free energy is the sum
of the polar (P) and non-polar (4] components, and is calculated
according to Eq. (1):

alydydy  dybyh)

(1)
P L T

(14cos @)y =
where & is the contact angle, y; is the solid surface free energy and
¥ is the liquid surface tension.

For two components (Wu's method), a combination of water
and diiodomethane, polar and non-polar liquids with the high-
est possible surface tension, exerts the minimum influence on
the result. The liquids used for contact angle measurement were
bidistilled water (P-502mNm~! and y9-226mNm-') and
diiodomethane (3P - 1.8 mNm~! and 9 - 49 mN m~'). The polarity
percentage was calculated from the ¢® and y values: (3P/y)100.

2.6. Temperaiure sweep tests
For these measurements, a PaarPhysica MCR101 type rheome-

ter (Anton Paar GmbH, Graz, Austria) was used (in controlled rate
mode), equipped with a cone-and-plate measuring system (cone

Table 1
DSC data on SEs, SE melts and drug-SE melted products

Melting range (-C) onset-endset Total enthalpy (Jg-')

P1670 41-62 -52.2
P167 O melt) 36-53 —42.5
ME-P1670{melt} 36-55 -10.4
D5-P167 00 melt) 36-48 =57
5470 46-67 —587
SQ70(melt) 43-65 -31.2
ME-507 0 melt) 43-65 —15.1
D5-5970(melt) 16-58 -17.9
B370 50-83 —-80.6
BI7 0 melt) 53-90 —65.9
ME-B370({ melt) 54-01 -28.4
D5- B3700 melt) 40-86 —44.1

diameter, 50 mm; cone angle, 1°; truncation, 49 m). During the
measurements, the temperature of the samples was modulated
from 25 to 40 °C with a heating rate of 1°C min~—! while the result-
ing viscosity changes were recorded. The tested liquid contained
5% SE and 5% drug in water.

2.7. Dissolution studies

For the dissolution tests, the ME-SE or DS-SE melted prod-
ucts were filled into hard gelatine capsules. The capsules contained
15mg of ME and 15 mg of SE, or 50mg of DS and 50 mg of SE.

The release of the model drugs was studied by using Phar-
matest equipment (Hainburg, Germany), at a paddle speed of
100 rpm. 900ml artificial enteric juice (Ph.Eur. 5) with a pH of
7.5 (£0.05) at 37°C (£0.5°C) was used. The drug contents of the
samples were measured spectrophotometrically (App=362 nm;
Aps =276 nm) (Unicam UV(Vis spectrophotometer). The dissolution
experiments were conducted in triplicate.

2.8. Statistical calculations

The standard deviation (5.D.) and the two-sample analysis were
carried out with the Microsoft Statistical Program; the confidence
limit was 95%.

3. Results and discussion
3.1. Differential scanning calorimetry

Table 1 shows the results obtained with DSC. After melting and
solidification, the structures of all three SEs without drug broke
down, and were then rebuilt to varying extents. In the case of P1670,
the breaking-down of the structure shifted the melting range, and
both the onset and endset values were lower than those of theinitial
SE: the enthalpy decreased. In the cases of 5970 and B370, the melt-
ing range was slightly changed after treatment, but the enthalpy
exhibited a major decrease here too.

The comparisons revealed that the drug brought about con-
siderable structural changes in the SEs, to different extents with
the three SEs. For ME-P1670(melt), the melting range was not
changed significantly as compared with P1670{melt), while the
enthalpy decreased to half. An even greater change occurred for
DS-P1670{melt): here the melting finished 5°C sooner than for
P1670{melt), and the enthalpy decreased considerably (Table 1).
The change in ME-S970( melt) in comparison with S970{melt) was
similar to that for P1670: the melting range did not change, but
the enthalpy was reduced to half. The melting of DS-5970({melt)
started and finished 7 °C sooner than that of S970{melt), but the
enthalpy decreased only to half, as in the case of ME-5970{ melt).
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Fig. 1. DSC curves of SE melts and drug-5E melted products. (a) PI6/0{melt) and drug-P1670(melt), (b} S870(melt) and drug-5970(melt) and (c) BI70(melt) and

drug-B370{ melt),

The melting range of ME-B370{melt) was not changed relative to
that of B370(melt), though the enthalpy was decreased, while the
melting of DS-B370(melt] started more than 10°C earlier than that
of B370(melt) (Table 1).

The behaviour of each SE in the presence of these drugs was
examined in a wider temperature interval, too. The melting point
of ME is at 263 °C, and that of DS is at 291 °C, and the measurements
were therefore performed in the range 25-300°C. However, the SEs
can be pyrolysed above 200°C [27], so the curves were not plotted
above this temperature (Fig. 1) For the drug-containing products,
the melting points of ME and DS could not be seen after the pyrolysis

of the SEs; this melting probably took place simultaneously with
the pyrolysis of the SE, and part of the drug could have dissolved in
the melted SE. For the DS-P1670 product, a new endothermic peak
appeared at 170.5°C (Fig. 1a). The DS, which did not dissolve in the
SE must have melted before the pyrolysis of P1670.

3.2, X-ray powder diffractometry
The X-ray diffractograms demonstrated that the peaks charac-

teristic of SEs and of the drug appeared for each drug-SE product;
only the numbers of counts decreased, new peaks not appearing
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Table 2 anywhere. Only 2 or 3 peaks can be seen in the X-ray pictures
%-ray data on 5Es, SE melts and drug-SE melted products of the SEs, the majority of them at small angles where the drugs
28=) Counts give no sign. The building-in or intercalation of the drug can be

P70 27 10602 inferred from the changes in the basal spacing of the SEs. If the
PIET0 melt) 77 9101 basal spacing increases, it can be presumed that the drug has
ME- P167 0 melt) 22 2,852 been built into the crystalline phase of the carrier. The positions
D5-F1670(melt) 22 2190 of the peaks of the SEs at small angles and their intensities are
SO70 16 and 2.1 4507 and 3,648 listed in Table 2, and plotted in Figs. 2-4, where the basal spac-
ﬂ;gﬂﬁm 0 1-2 ]5%33 ings are also indicated. For P1670, neither the position of the
DS-Sg?uéneelﬂ o2 1640 characltensuc peak of SE nor the bfas.a] spacing changes cc_:nSJd—
erably; only the degree of crystallinity decreases to a third as

B370 13 and 189 5,184 and 2,341 compared with P1670{melt), both for ME-P1670{melt) and for
Eﬂgg_ﬂé;”?'?:;em 1; 1533332 DS-P1670(melt) (Fig. 2 For ME-5970(melt), the degree of crys-
DS_E370(melt) ) 955 tallinity decreases to a quarter relative to S970(melt), just as in

the case of the DS-5970{melt). It is clear from Fig. 3 that only one
characteristic peak of the SEs appears for the products, at different
positiens for the two drugs. The greatest decrease in crystallinity is

PLaTO
— ~
P1670(melt)
ME ]
ME-P1670(melt) |
DS-P1LETH melt)
DS ]
n| 1‘5 5 255 3 !Ib -Il d-:ﬁ IS 555 :ﬁ
2807
Fig. 2 X-ray diffractograms of drugs, P1670 and drug-P1670 melted products,
5403 |- L\ 5.7%nm I ' : ' .
3800 4.14 nm -
1600 -
ol 5970
Q
5400
3800 -
e S5970(melt)

8 ——

3 1s0dF =
ool ME -
tecf 51 nm 7
- =2lmm ME-S970(melt)
1808 " =
I N DS-8970(melt)

-]
400 e DS y
o iE z P 3 3 g 3 3 55 [
297

Fig. 3. X-ray diffractograms of drugs, 5970 and drug-5970 melted products,
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Fig. 4. X-ray diffractograms of drugs, B370 and drug-B370 melted products.

that for drug-B370{melt) as compared with B370({melt); the drugs
are best distributed in this SE. The characteristic peak of B370
appears in different positions, as a result of the effects of the two
drugs(Fig. 4). The basal spacings of the SEs did not change consider-
ably in any of the cases, which leads to the conclusion that neither
drug was built into the crystalline phase of the SEs.

In agreement with the DSC examinations, the X-ray exami-
nations revealed that the structures of the SEs were rearranged
after melting. to the accompaniment of a decrease in the degree
of crystallinity. The change was greater when a drug was present,
especially in the case of lipophilic B370, where the degree of crys-
tallinity of the SE was reduced to a fifth by the drug. The crystallinity
decreased to only a smaller extent in the case of SE with a high HLB
value (P1670) or a medium HLB value (S970). Comparison of the
changes caused by the two drugs indicates that, in accord with the
results of the DSC examinations, the X-ray sign of SE appears at the
same position for ME-SE(melt) as for SE(melt), while in the case
of DS-SE(melt) the characteristic peak typical of the SEs appears
at a different position. Thus, DS brings about a greater structural
rearrangement in the SE than ME does.

3.3. Contact angle measurement
The distribution of the drugs in the SE melt is influenced by

the polarities of the initial materials. The results of contact angle
measurements, which provide information about the surface free

energies and polarities of the drugs and the SEs, are presented in
Table 3. The different HLB values are manifested in the various
polarity values of the SEs, while the different wetting properties
of the two drugs point to possible drug-SE interactions.

ME is a lipophilic material {polarity: 25.90%), so it can be
assumed that it does not dissolve in the melt of the more polar
P1670 (polarity: 60.96% ) or S970{ polarity: 53.85%); the ME crystals
are only wetted by these SEs, and thus the drug will be present in
the solidified product in a suspended form. As the polarity of B370
{16.60%)is closer to that of ME, it can be presumed that ME dissolves
and may be build into the crystal structure of SE. The polarity of DS
(45.10%) is closer to those of the SEs with high HLE values, and it
can dissolve in their melts, while it will probably not do so in the
lipophilic B370. By virtue of the size of their molecules, both ME [28]
and DS [29] would fit in among the lamellas of the SE, and thus it
could reasonably be expected that the drug molecules with polari-
ties similar to that of the SE would be built into the crystalline phase
of the SEs, thereby increasing their basal spacing. However, the X-
ray examinations revealed that, as compared with the SE without
drug, the basal spacing typical of the characteristic peaks of SEs
appearing at small 28 was not changed greatly in any of the cases.
The signs typical of the drugs and the SEs invariably appeared in
the X-ray diffractograms, which proves that neither of the drugs
was built into the crystalline phase of the SEs.

The contact angle, surface free energy and polarity of different
mixtures were also determined and the results are summarized in

Table 3

Contact angles, surface free energies and polarities of the materials

Materials i 1] Bdiipdomethans (7] pd (mHm-1) ¥ (mNm-1) p{mNm-1) Polarity (%)
P1670 1849 £ 0.85 5876 £072 2137 4273 70,10 60,96
S070 4679 £ 1,76 62,00 + 110 2550 2075 5525 5385
B370 80381 £1.03 5477 £ 1.01 30,09 509 36,08 16,60
ME 6156+ 1.71 15.44 £ 0.83 4453 1556 60,08 25,00
Ds 168 £ 1.5 1953 £ 178 4319 3548 78.67 45,10
ME-P1670 224+134 454 + 199 33,51 3770 7121 52,04
ME-5870 45 £ 1.71 573 £159 2812 2040 57.51 51,12
ME-B370 85324190 5482 +£170 2085 79 3775 2003
DS-PI670 244 + 168 43 £138 34,58 3642 71.00 51.29
D5-5970 2028 £ 251 50,08 £ 195 3137 3959 70497 55.78
D5-B370 6558 £ 1,99 50,55 £ 139 3142 1679 432 34383
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Fig. 5. Viscosity of ME, 5Es and ME-5Es in water,

Table 3. It can be seen, that SEs influenced the wetting behaviour of
the drugs according to their HLE values, from which is predictable
how SEs can change the dissolution of the drugs.

34. Temperature sweep test

On the basis of the different swelling properties observed
through the SE contact angle measurements, the viscosities of the
SEs were examined in water as a function of temperature. [t was
found that P1670 {with a high HLB) gelled over 35°C, while S970
{with a medium HLB value) displayed high viscosity even at room
temperature. Lipophilic B370 has poor wetting properties in water,
and its viscosity does not increase with increase of temperature.
The viscosities of the two gel-forming SEs (P1670 and 5970) are
depicted in Figs. 5 and &, without and with drugs. Drug materials
alone were tested also as a control. It is clear from Fig. 5 that in
the presence of ME the viscosities of both P1670 and S970 were
lower than without ME but the swelling behaviour is observable
in this case too. On the other hand, the viscosities of both SEs
decreased considerably in the presence of DS (Fig. 6). This inter-
action can be influenced to a large extent by the dissolution of DS.
The measurements also revealed that the viscosities of the products
containing S970were always higher than those of the products with
P1670.
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3.5. Dissolution studies

The drug release is influenced not only by the different HLB val-
ues, but also by the gel-forming behaviour of the SEs, the polarities
of the drugs and the interactions between the drugs and the SEs.

ME is a poorly water-soluble drug; it is absorbed mostly from
the intestine. Its release was increased by the presence of a SE with
a high HLE value {P1670), when 70% of the ME was dissolved in2h
as compared with only 20% from pure ME. The SE with a medium
HLB value (5970] slightly increased the release of ME, but the quan-
tity dissolved in 2 h hardly exceeded 50% Although the drug release
did change as a function of the HLE value, 100% dissolution could
not be achieved even with P1670, which has a HLE of 16, and a gel-
like residue could be seen in the capsule holder at the end of the
examinations. The drug release was greatly slowed down by the
lipophilic B370: only 15% of the ME was dissolved in 2 h, instead of
30%(Fig. 71 DS dissolved well at pH 7.5, 100% of the pure drug pass-
ing into solution in artificial intestinal juice in a few minutes. P1670
did not bring about appreciable changes; the dissolution was simi-
lar to that of DS without a carrier. The dissolution of DS was delayed
by 5970, but the drug was completely dissolved in 1 h. The release
of DS was greatly decreased by the lipophilic B370: the quantity of
drug dissolved was in 2 h less than 50% (Fig. 8).

The dissclution studies indicate that the release of the different
drugs were influenced differently by the SEs. The hydrophilic P1670
increased the dissolution of ME considerably, but 100% drug release
could not be achieved. In spite of their high HLE values, it can occur
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Fig. 8. Dissolution of DS and DS-5E melted products,
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that hydrophilic SEs do not accelerate, but rather delay the dissolu-
tion of certain drugs: there have been reports of the use of SEs with
high HLE values as matrix-forming agents in CR dosage forms, for
example, 51670 with a HLE of 16 in the case of theophylline [17],
or 51570 and P1570 with a HLE of 15 in the cases of ibuprofen and
theophylline [30). The latter authors attributed the matrix-forming
property to the H-bonding formed between the SE and the cellu-
lose molecule present in the formulated product. As there was no
carrier other than SE in our compasition, the viscosity of the car-
rier was examined. [t was found that P1670 gelled at 37 °C, which
explains why 100% release could not be achieved in the case of ME
despite the high HLE value. 5970, with a medium HLB value, slightly
increases the release of ME due to its polarity and wetting effect,
but in higher concentrations its gel-forming property may come to
the forefront and it may slow down the dissolution of the drug. The
lipophilic B370 has a low viscosity in agueous medium; in this case,
only the HLB value plays a role, and it decreases the release of ME.
DS was dissolved in the intestinal juice within a few minutes, and
the effect of the hydrophilic P1670 was not manifested here. As the
viscosity of P1670 was decreased considerably by the drug in aque-
ous medium, the dissolution of DS could not be delayed with this
SE. In this case, the interaction between the drug and the SE plays a
role, which is related partly to the different pH ( pH of DS aqueous
solution: 7.8; pH of P1670 aqueous solution: 5.5) and partly to the
salting-ourt effect of DS. Although its polarity is almost the same as
that of the drug, S970 slows down the dissclution of DS because
of its gel-forming property. Here again, the viscosity of the SE is
largely reduced by the action of the drug in aqueous medium, but
to a smaller extent than in the case of P1670. B370 has the lowest
HLE value among the SEs examined; it decreases the release of DS
because of its polarity.

4. Conclusions

The present results allow the conclusion that, when SEs are
used in melt technology, not only the HLE value, but also their
gel-forming properties and the features of the drugs have to be
considered. With respect to HLB, P1670 can be a suitable carrier for
enhancing the release of drugs with poor water-solubility, while the
lipophilic B370 can be used for retardation. S970, with a medium
HLE value, can promote the dissolution of drugs with poor wet-
tability { such as ME), but it can slow down the release of a soluble
drug (such as DS).On account of their gel-forming properties, P1670
and S970 can be suitable for delaying the release of certain drugs.
However, during formulation it is also important to consider the

properties of the drug, because they can influence the structure of
the 3E or the gel structure formed.
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INVESTIGATION OF THE THERMAL AND STRUCTURAL BEHAVIOUR
OF DICLOFENAC SODIUM-SUGAR ESTER SURFACTANT SYSTEMS

A. Sziits', M. Sorrenti®, L. Catenacci®. G. Bettinetti® and Piroska Szabé-Révész'”

'Department of Pharmaceutical Technology, University of Szeged, Hungary
2 o . N . o
“Department of Pharmaceutical Chemistry, University of Pavia, ltaly

Sugar esters (SEs) have a wide range of hydrophilic—lipophilic balance (HLB) values ( 1-16) and hence can be applied as surfactants
or as solubility or penetration enhancers. They can be used for hot melt technology and solvent method which are frequently applied
techniques to preparation of solid dispersions. In this study drug-SE products were prepared by physical mixing, melt technology
and solvent methods. The products were investigated by DSC, X-ray powder diffraction and dissolution tests. Diclofenac sodium
(DS) as model drug and two SEs, P1670 (HLB=16) and S970 (HLB=Y9) were used for the preparation of the products.

DSC curves revealed considerable melting range and enthalpy decreases for the DS-SE products. The dissolved drug mole-
cules broke down the structures of the SEs but were not built into the crystalline phase of the camrier. The meli technology led to a
solid dispersion while in the case of the solvent methods the DS was in molecularly dispersed form which resulted in faster dissolu-
tion. The drug release was influenced by the structures resulting from the various treatments, by the HLB and by the gel-forming be-
haviour of the SEs.
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Introduction

Sugar esters (SEs) are widely used in the pharmaceu-
tical and food industries. They are non-ionic sur-
face-active agents consisting of sucrose as hydro-
philic group and fatty acids as lipophilic groups.
Through variation of the type or number of the fatty
acid groups a wide range of HLB values can be ob-
tained [1]. Depending on their HLB values the SEs
are available with a broad range of properties: O/W
and W/O emulsifying properties, solubilizing and
foaming properties [2, 3], enhancement or inhibition
of crystal growth in fat [4], lubrication [5] and releas-
ing properties [6-8].

SEs are commonly used in hot-melt technology
[9-11], because their melting points are low and they
decompose only above 220°C. The thermal properties
of SEs were previously studied and demonstrated dif-
ferences between SEs with various HLB values [12].
The results of our MTDSC measurements revealed
that SEs with high (e.g. P1670) or moderate (5970)
HLB values undergo a glass transition, which coin-
cides with the melting points of the materials. Investi-
gations with hot-stage microscopy showed that hy-
drophilic SEs were only softened whereas lipophilic
SEs were melted by heating.

It was found that only SEs with low HLB values
can be used well in hot-melt technology, while the
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distribution of drugs is more difficult in SEs with high
or moderate HLB values. Because of their polarity,
the latter SEs can be used in the solvent method too.
They dissolve in polar solvents such as ethanol or
chloroform. In spite of their HLB values, they do not
dissolve well in water, with which they form a gel,
and water evaporation from the products is then very
difficult in consequence of their hygroscopicity.
Thus, only organic solvents such as ethanol are
applicable in the case of these SEs.

The literature data indicate that the effects of hy-
drophilic SEs on the dissolution of drugs are very differ-
ent: SEs with high HLB values are used to increase or
sometimes to sustain drug release. For example, 51670
(HLB=16) has been used to improve the rate of dissolu-
tion of glybuzole [9] and S1670, L1695 and M1695
(HLB=16) to increase the rate of dissolution of
spironolactone [10]. Although 81670 is hydrophilic,
Seiler er al. used this SE to prepare controlled release
matrix formulations of theophylline [11]. 81570 and
P1570 with a HLB of 15 were also used as matrix-form-
ing agents for ibuprofen and theophylline [8].

In preformulation studies it is very important to
know the thermal and structural properties of the ma-
terials [13-15]. The aim of the present study was to
compare the thermal behaviour and structures of hy-
drophilic SEs without and with active agent and to ex-
amine the effects of the SEs on drug release. The ap-
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plicability of SEs with a high or medium HLB value
in the melt and in the solvent method was also investi-
gated. For comparison, drug-SE physical mixtures
were used. Inthe selection of the model drug, the sol-
ubility of the active agent was an important factor.
Diclofenac sodium (DS) was chosen for the investiga-
tions because, like the SEs it dissolves well in etha-
nol. DS belongs in the BCS 11 class: itis slightly solu-
ble in water its solubility increasing as the pH rises.

Experimental
Materials

The Ryoto SEs (Mitsubishi-Kagaku Foods Corpora-
tion, Japan) are a family of vehicles consisting of su-
crose and mixtures of mono- to octaesters of fatty ac-
ids. Two SEs were applied in this study: one with an
HLB value of 16 (P1670) and one with an HLB value
of 9 (5970). The longer the fatty acid chains in the
SEs and the higher the degree of esterification, the
lower the HLB value (Table 1).

DS was from Sigma Co. (Hungary). Its particle
size was d(0.9)=6 um.

Sample preparation

In the preparation of the physical mixtures, DS and
SE (in a ratio of 1:1) were homogenized in a mortar.

For the melted products the DS-SE physical
mixtures were melted in a porcelain dish in an oven
(Factory for Laboratory Equipment, Budapest, Hun-
gary, Labor type 123) by heating from 25 to 100°C
and then cooled back to room temperature.

Solvent products were made as follows: DS and
SE (in a ratio of 1:1) were dissolved in absolute etha-
nol with use of a magnetic stirrer and the solvent was
evaporated off in a microwave apparatus (ETHOS
Touch Control, Microwave Laboratory System,
Milestone).

After the preparations the samples were in all
cases pulverized in a mortar and sieved to 200 pm.

For comparison of the results the two commer-
cial SEs were used, the melted and solidified SEs
without active agent, and the dissolved and
recrystallized SEs without drug. The notations ap-
plied: for the physical mixtures: ‘phys. mixt."; for the
melted and solidified samples: ‘melt’; and for the dis-
solved and recrystallized samples: *solvent’.

Table 1 Data on SEs from Mitsubishi-Kagaku Foods Co.

Methods

Differential scanning calorimetry

DSC studies were performed with a DSC 821° (Mett-
ler-Toledo GmbH, Switzerland). The instrument was
calibrated by using indium. Samples of 10 mg were
heated in a sealed aluminium pan. Measurements
were made in a N, atmosphere at a flow rate of
50 mL min"'. The samples were heated from 25 to

300°C at a heating rate of 10°C min™".

X-ray powder diffraction

XRPD profiles were taken with a Philips X-ray
diffractometer (PW 1930 generator, PW 1820 gonio-
meter). The measurement conditions were as follows:
CuK, radiation (A=0.15418 nm), 40 kV, 35 mA. The
basal spacing (41 ) was calculated from the diffraction
peaks by using the Bragg equation.

In vitro drug release study

For the dissolution tests the DS-SE products were
filled into hard gelatine capsules. The capsules con-
tained 50 mg of DS (and 50 mg of SE). The release of
the model drug was studied by using Pharmatest
equipment (Hainburg, Germany) at a paddle speed of
100 rpm. 900 mL gastric juice (pH=1.1£0.05) at 37°C
(£0.5°C) was used. The drug contents of the samples
were measured spectrophotometrically (Aps=272 nm)
{(Unicam UV/VIS spectrophotometer).

Results and discussion
Thermal properties

Table 2 shows the results obtained by DSC. After
melting and solidification (melt technology) or after
the solvent evaporation (solvent method) the struc-
tures of the SEs without drug broke down and were
then rebuilt to varying extents. In the cases of the
P1670(melt) and P1670(solvent), the breaking-down
of the structure shifted the melting range and both the
onset and endset values were lower than those of the
initial SE and enthalpy decreases. In the case of S970
the melting range was slightly changed afier treat-
ment but the total enthalpy of the SE was less after the
solidification than after the solvent evaporation.

SE Fatty acid HLB MpieC Decomposition temperature/°C  Degree of esterification
P16T0 palmitate (C16) 16 48 235 mono-, di- and triester
S970 stearate (C18) 9 36 234 mono-, di-, tri- and tetraester
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Table 2 DSC data on SEs, DS-SE products and DS

Melting range  Total emljlalpyx'

onset-endset/*C Ia
P16T70 41-62 -52.2
P1670(melt) 36-53 —42.5
P1670(s0lvent) 37-53 —42.6
DS-P1670(phys. mixt.) 37-53 -23.2
DS-P1670{melt) 3648 -5.7
DS-P1670(solvent) 37-53 3.4
5970 46-67 —58.7
S970(melt) 43-65 -31.2
S970(solvent) 42-65 —52.6
DS-5970(phys. mixt.) 39-67 -26.5
DS-8970(melt) 36-58 -17.9
DS-8970(s0lvent) 45-57 -1.2
DS 280-294 -93.9
DSisolvent) 279-292 -76.0

The thermal behaviour of DS was investigated
with DSC, too. The melting of the drug (at 291°C)
was followed by an exothermic peak caused by de-
composition of the drug. For this drug, therefore, the
melt technology can be used only with carriers at
lower temperature. After DS dissolves in ethanol it
recrystallizes quickly and without structural change;
only the enthalpy is a little decreased (Table 2).

The comparisons revealed that the drug brought
about considerable structural changes in the SEs. The
melting ranges for the DS-P1670 products were similar
but the total enthalpies of P1670 were different. The
enthalpies decreased in all the cases but especially for
the DS-P1670(melt), and DS-P1670(solvent) (Table 2).
The melting ranges likewise changed considerably for
the DS-8970 products and the enthalpy decreased too,
especially after solvent evaporation.

The behaviour of the SEs in the presence of drug
was examined in a wider temperature interval. The melt-
ing point of DS is at 291°C, and the measurements were
therefore performed in the 25-300°C range. However,
the SEs decompose over 200°C, so the curves were not
plotted above this temperature (Figs 1 and 2). For the
drug-containing products the melting point of DS could
not be scen after the decomposition of the SEs; this
melting probably took place simultaneously with the de-
composition of the SE and part of the drug could have
been dissolved in the melted SE.

For the DS-P1670 products a new endothermic
peak appeared at 171°C for the DS-P1670(phys.
mixt.), at 171°C for the DS-P1670(melt) and at 166°C
for the DS-P1670(solvent) (Fig. 1). The part of DS
which did not dissolve into the SE must have melted
before the decomposition of P1670. The DSC curves
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Fig. 1 DSC curves of DS-P 1670 products
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Fig. 2 DSC curves of DS-5970 products

showed that the physical mixing caused a lower
change but the solvent method a major change. The
enthalpy of the DS-P1670(solvent) was lower and the
second peak appeared by 6°C lower temperature than
in the case of the DS-P1670(phys. mixt.). The
enthalpy of the DS-P1670(melt) was also consider-
ably less than that of the DS-P1670(phys. mixt.). For
the DS-8970 products only the peak characteristic of
5970 appeared in the DSC curve up to 200°C; there
was no new endothermic peak. The differences in
thermal behaviour of the products can be explained
by the various HLB values of the SEs. P1670 has a
high HLB value of 16, so more of the drug can dis-
solve in the SE in the DS-P1670 products, while in
the DS-8970 products the amount of the dissolved
drug in the SE is less because of the lower HLB value
of 9. For the DS-8970 products, the total enthalpy of
5970 after solvent evaporation was very low (Fig. 2),
while the simple mixing and the melting did not cause
such a great change (Table 2).

The DSC results demonstrated that the drug
brought about great structural changes in the SEs.
Simple mixing was sufficient to break down the struc-
tures of the SEs but the degree of recrystallization dif-
fers in the various methods; it was least after solvent
cvaporation.

X-ray powder diffraction

The SEs have only 2 or 3 characteristic peaks in their
X-ray diffractograms the majority of them appear at
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Table 3 X-ray data on SEs and DS-5E products

20/° Basal spacing/nm Counts
P1670 2.2 4.14 18605
P1670(melt) 2.2 4.14 9101
P1670(solvent) 2.2 4.14 19404
DS-P1670(phys. mixt.) 2.2 3.99 2725
DS-P1670(melt) 2.2 4 2190
DS-P1670(solvent) 2.7 3.31 1584
5970 1.6 and 2.1 5.78 and 4.14 4597 and 3648
S970(melt) 1.6 5.51 6939
S970({solvent) 23 3.86 7225
DS-5970(phys. mixt.) 1.6 and 2.3 5.51 and 3.86 930 and 992
DS-8970(melt) 2.2 4.14 1 640
DS-5970(solvent) 2.6 3.38 1560

small angles where DS gives no signal. After melting
and solidification or solvent evaporation the position
and basal spacing of the characteristic peak of P1670
at 2.2° 20 were the same; only the counts were
changed (Table 3). The initial 8970 has two charac-
teristic peaks (at 1.6 and 2.1° 20), whereas the
S970(melt) gave only the first (at 1.6° 20) and
S5970(solvent) only the second (at 2.3° 28). The X-ray
examinations demonstrated that the structures of the
SEs were rearranged after melting or dissolution, and
then rebuilt to varying extents.

The building-in or intercalation of the drug can
be inferred from the changes in the basal spacing of
the SEs. If the basal spacing increases, it can be pre-
sumed that the drug has been built into the crystalline
phase of the carrier. During our investigations the
basal spacings of the SEs did not increase in any of
the cases (Table 3), which leads to the conclusion that
DS was not built into the crystalline phase of the SEs.

DS is a crystalline drug whose X-ray diffraction
pattern contains 40 peaks, the most characteristics are
at 6.6, 8.5, 15.2, 17.1, 19.8, 23.4, 27 and 27.9° 20,
these were unchanged after solvent evaporation and
recrystallization.

Figures 3 and 4 show the X-ray diffractograms
of the DS-SE products. The characteristic peaks of
both P1670 and the drug appeared for the
DS-P1670(phys. mixt); only the counts were de-
creased; new peaks did not appear anywhere. The
X-ray diffractogram of the DS-P1670(melt) was very
similar to that of the DS-P1670(phys. mixt.): the num-
ber of peaks was the same but the counts were slightly
less for the DS-P1670(melt). Fewer than half of the
peaks characteristic of DS appeared (17 peaks) in the
X-ray diffraction pattern of the DS-P1670(solvent)
and the count was decreased considerably, while the
back-intensity was increased, so the DS was not in a
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Fig. 4 X-ray diffractograms of DS-8970 products

crystalline state in this case (Fig. 3). The diffracto-
grams of the DS-8970(phys. mixt) and
D8-8970(melt) were very similar to each other; only
the counts were decreased somewhat after melting
and solidification (Fig. 4). Similarly as for the
DS-P1670(solvent), the counts and number of peaks
characteristic of DS were decreased considerably for
the DS-8970(solvent) (20 peaks appeared), but there
were more crystalline phases in the diffractograms
than in the case of the DS-P1670(solvent).

It can be stated that the X-ray measurements
confirmed the DSC findings: the drug broke down the
structures of the SEs and the degree of rebuilding then
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differend. After the drug mixing (DS-SE(phys.
mixt.)) or melting and solidification (DS-SE(melt)),
the degree of recrystallization was considerable,
while in the case of the DS-SE(solvent) products
there was less crystalline phase. After dissolution and
solvent evaporation, the bulk of the drug was in mo-
lecularly dispersed form in the SE matrix (solid
solution).

Dissolution results

The effect of the treatment on the drug release was
investigated, too. DS dissolves only slightly in water at
pH 1.2; merely 8% of the drug is dissolved in 2 h.
The solubility from the DS-P1670(phys. mixt.) (13%)
was somewhat higher than that of the pure drug, and it
was the same as for the DS-P1670{melt) (12%). The
amount of drug dissolved from the DS-P1670(solvent)
was 23% (Fig. 5). In spite of the molecularly dispersed
state of the DS, the drug release did not reach 100%,
which can be explained partly by the low equilibrium
solubility of DS (0.005 mg mL™" at pH=1.2; 37°C) and
partly by the gel-forming behaviour of P1670. Due to
an interaction between the DS and P1670 the swelling
of the SE decreased with amount of dissolved DS, so
this property had a role only in the first few min during
the dissolution process. The change in the drug release
was not significant in the cases of the DS-8970(phys.
mixt.) (6%) and DS-8970(melt) (7%). but the
dissolution was better from the DS-5970(solvent)
(16%) (Fig. 6), which can be explained by the different
drug distribution.
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Fig. 5 Dissolution of DS and DS-P1670 products
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Conclusions

Our results have demonstrated that SEs with high or
medium HLB values are applicable carriers in melt
technology and in the solvent method. They are
semicrystalline materials and the distribution of the
drug in their melts is more difficult than in their solu-
tions. DSC curves indicate a lower degree of recon-
struction of the structures of the SEs after solvent
evaporation than after simple drug mixing or after
melting and solidification. SEs with high or medium
HLB values soften during heating; for the melted
products, therefore, only a small proportion of the DS
can dissolve in the melted SE, after which it quickly
recrystallizes. DS and the hydrophilic SEs dissolve
well in ethanol; thus, the drug may dissolve com-
pletely in the solvent and is in a molecularly dispersed
form after the fast solvent evaporation. DSC measure-
ments and the X-ray diffractograms showed more
considerable structural changes for the DS-SE(sol-
vent) products where DS was not in a crystalline state.
It must also be said that the solvent method is not al-
ways applicable, but only when the drug and SE have
a common solvent. The fastest drug release can be
reached with the DS-P1670(solvent), because this SE
has the highest HLB value, and the part of the drug
was in molecularly dispersed state in this SE.
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